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Abstract
Background and Purpose endovascular therapy (ET) is the standard of care for anterior circulation acute
ischemic stroke (AIS) caused by large vessel occlusion (LVO). The role of adjunctive intravenous
thrombolysis (IVT) in these patients is still unclear. The present study aims to test whether IVT plus ET
(CoT, combined therapy) provides additional bene�ts over direct ET for anterior circulation AIS by LVO.
Methods we performed a single center retrospective observational study of patients with AIS caused by
anterior circulation LVO, referred to our center between January 2014 and January 2017 and treated with
ET. The patients were divided in 2 groups based on the treatment they received: CoT and, if IVT
contraindicated, direct ET. We compared functional recovery (modi�ed Rankin at 3-months follow-up),
recanalization rate (thrombolysis in cerebral infarction [TICI] score) and time, early follow-up infarct
volume (EFIV) (for recanalized patients only) as well as safety pro�le, de�ned as symptomatic
intracerebral hemorrhage (sICH) and 3-month mortality, between groups. Results 145 subjects were
included in the study, 70 in direct ET group and 75 in CoT group. Patients who received CoT presented
more frequently a functional independence at 3-months follow-up compared to patients who received
direct ET (mRS score 0-1: 48.5% vs 18.6%; P<0.001. mRS score 0-2: 67.1% vs 37.3%; P<0.001), higher �rst-
pass success rate (62.7% vs 38.6%, P<0.05), higher recanalization rate (84.3% vs 65.3%; P=0.009) and, in
recanalized subjects, smaller EFIV (16.4ml vs 62.3ml; P=0.003). The safety pro�le was similar for the 2
groups. In multivariable regression analysis, low baseline NIHSS score (P<0.05), vessel recanalization
(P=0.05) and CoT (P=0.03) were indipendent predictors of 3-month favorable outcome. Conclusions CoT
appears more effective than ET alone for anterior circulation AIS with LVO, with similar safety pro�le.

Background
Endovascular therapy (ET) represents the standard of care for anterior circulation acute ischemic stroke
(AIS) due to large vessel occlusion (LVO) [1-3]. It remains unclear whether intravenous thrombolyisis
preceding ET provides additional bene�t compared to direct ET. The administration of IVT may have
important drawbacks such as potential risk of bleeding, delay in beginning of ET and clot fragmentation
leading to distal arterial embolism. [4].

Recent observational studies showed con�icting results on this clinically important topic [4-10].

The goal of our study was to compare CoT versus ET in a real world single center cohort of AIS patients
with LVO, exploring the safety pro�le of these two treatments and comparing their effect on radiological
and functional outcomes [11, 12].

Methods
Subjects. single-center retrospective observational study. All AIS patients referring to our center (Stroke
Unit, Neurologia Vascolare, ASST “Spedali Civili”, Brescia, Italy) between January 2014 and January 2017
were screened for the study. Subjects with anterior circulation AIS due to LVO and ful�lling AHA/ASA
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criteria for ET [3] were included in the analysis. LVO was diagnosed by computed tomography
angiography as an occlusion involving intracranial terminal internal carotid artery (tICA) and/or M1–
proximal M2 tracts of middle cerebral artery (MCA). Patients ful�lling criteria for IVT and ET were
allocated to CoT group while subjects with IVT exclusion criteria were included in ET group [13].

Patients with CoT received intravenous full-dose rtPA (0.9 mg/kg) followed by ET, with groin puncture
performed at the same time of rtPA bolus or as soon as possible during IVT infusion. Patients with
undetermined time of symptoms onset and those with ET performed after complete rtPA administration
were excluded. Written informed consent was obtained by patients or relatives. All the procedures of the
study conformed to the Helsinki Declaration.

Demographics, vascular risk factors, laboratory exams, imaging �ndings and vital signs were collected.
Stroke etiology, according to Trial of ORG 10172 in acute stroke treatment (TOAST) criteria [14], was
assessed. All patients underwent a baseline brain computed tomography (CT) with Alberta Stroke
Program Early Computed Tomography Score (ASPECTS) evaluation [15] and a follow up brain CT at 2-4
days from onset. Baseline National Institute of Health Stroke Scale (NIHSS) were recorded. The number
of passes during ET have been recorded as well and the recanalization degree has been assessed on
digital subtraction angiography (DSA) according to TICI criteria; Good recanalization was de�ned as TICI
grade 2b or 3 [16].

The main safety outcomes of interest were: symptomatic intracranial hemorrhage (sICH) de�ned as
deterioration in NIHSS ≥ 4 associated with evidence of any intracerebral hemorrhage on follow-up non-
contrast cerebral CT, according to European Cooperative Acute Stroke Study II (ECASS II) [17] and
mortality at 3 months follow up.

Cerebral Infarct Volume Measurement

The Cerebral Infarct Volume (CIV) of all recanalized patients were manually delineated by one
experienced neurologist (N.G.) on early follow-up brain CT scan (at 2-4 days after stroke). The infarct
volume was delineated section-by-section by using ITK-SNAP 2.2.0
(http://www.itksnap.org/pmwiki/pmwiki.php). Observer was blinded to all clinical information and
outcome [11, 12, 18].

Interventional procedures.

All procedures were performed under conscious sedation on a biplane angiography (Axiom Artis,
Siemens, Erlangen, Germany) avoiding general anesthesia, if possible. Endovascular procedures
consisted in thrombectomy with stent retrievers (Solitaire stent-Ev3 Inc. and Trevo stent–Stryker) or
thromboaspiration (Penumbra 5 Max, Penumbra, Alameda, California, USA).

Statistical Analysis.
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Univariate comparisons between the groups were made using Pearson's chi-squared test for categorical
variables, the Mann-Whitney U test or Wilcoxon rank sum test for continuous variables. We assessed both
clinical (mRS at 90 days) and neuroradiological outcome (early follow-up Infarct Volume – EFIV - at 2-4
days CT scan, in well recanalized cases). Independent predictors of the outcomes of interest were
explored with a multivariable forward stepwise binary logistic regression model. Variables known to be
predictive of clinical outcome from the literature were entered into the initial model. SPSS package (v.
17.0, Chicago, IL, USA) was used for the analyses and p values < 0,05 were considered statistically
signi�cant

Results
A total of 2248 AIS patients referred to our Hospital were screened and 145 subjects met the inclusion
criteria of our study (70 in CoT and 75 in direct ET group). There was no signi�cant difference between
groups regarding age, gender, blood pressure, blood glucose, coronary disease, hypercholesterolemia and
antithrombotic medications before stroke.

Stroke subgroups according to TOAST criteria, baseline NIHSS, ASPECTS scores and occluded vessel
were also similar between the two groups (Table 1). Table 2 summarizes the causes oexclusion from IVT.
Time-to-groin puncture and time-to-recanalization were similar in the 2 groups. Recanalization rate was
signi�cantly higher in CoT group (84.3% vs 65.3%; P=0.009), as well as �rst-pass success rate (62.7% vs
38.6%, P<0.05). CoT group presented a signi�cantly higher functional independence rate at 3-months
follow-up (mRS score 0-1: 48.5% vs 18.6%; P<0.001. mRS score 0-2: 67.1% vs 37.3%; P<0.001).

In recanalized subjects, EFIV was signi�cantly smaller in the CoT group (16.4ml vs 62.3ml; P=0.003).
Safety outcome measures were similar between the two groups (Table 3).

In multivariable analysis, CoT was independently associated with higher odds of favorable functional
outcome (OR, 3.75; 95% CI, 1.09-12.85; P=0.03). Other predictors of good outcome were lower baseline
NIHSS (OR, 0.73; 95% CI ,0.62-0.86; P<0.05), and vessel recanalization (OR, 7.30; 95% CI, 0.60-88.62;
P=0.05) (Table 4).

Discussion
Randomized clinical trials (RCTs) have de�nitively proven the effectiveness of endovascular approach for
anterior circulation AIS with LVO [3]. In this scenario, the role of adjunctive IVT before ET remains unclear
and the currently available evidence on this topic is inconclusive [4-10] The main of our study is the
independent association between CoT and favorable outcome, compared with direct ET. A higher rate of
vessel recanalization and lower infarct volume at follow-up CT seem the plausible biological
mechanisms mediating the bene�cial effect of CoT on outcome. Maintenance of an optimal
microvascular perfusion downstream to the arterial occlusion, may also explain the positive association
between CoT and favorable outcome [18].
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Our �ndings therefore support the use administration of IVT before ET in eligible patients, in line with the
recommendations of the American Heart Association / American Stroke Association guidelines [3].

The possible reduction of EFIV supports the hypothesis of a direct effectof rtPA treatment on potentially
salvageable brain tissue. Moreover determination of EFIV may represent a valid outcome measure for
future clinical trials, potentially having a higher inter-observer reliability compared to clinical assessment
alone with the mRS [11, 12]. The possible suggested mechanisms of action of adjunctive rtPA may be
explained by a twofold effect: i) a favorable impact on endovascular procedure as suggested by the
higher recanalization and higher �rst-pass success rates in CoT patients [9] and, ii) an effectiveness of
systemic rtPA on preserving microvascular perfusion in downstream to the arterial occlusion, therefore
improving bene�t of large vessel recanalization [18]. Finally, another interesting result of our study is the
lack of association between tPA and intracranial bleeding. This may have relevant implications for
clinical practice, highlighting that tPA treatment in eligible patients should not be withheld for the fear of
intracranial hemorrhage.

Some limitations should be considered in the interpretation of our �ndings such as relatively

small sample size obtained from a single center retrospective analysis, non-randomized comparison,
potential risk of confounding by indication due to treatment allocation bias (subjects included in the ET
group mostly consisted of patients with contraindications for IVT), lack of advanced neuroimaging-based
patients’ selection. While taking them into full consideration, our data seems to con�rm a favorable role
of rtPA in improving clinical and neuroradiological outcome of patients treated by endovascular
mechanical thrombectomy for a large vessel occlusion stroke.

Conclusions
The study con�rms the safety and bene�cial effect of CoT for anterior circulation AIS with LVO compared
to direct ET. Coupling EFIV and mRS at 90 days assessment may represent a more reliable and possibly
more powerful tool to be used in future clinical trials [11, 12].
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Table 1. Baseline characteristics of the patients.

Due to technical limitations, Table 1 is only available as a download in the supplemental �les section.

Table 2. Causes of IVT exclusion in patients with AIS

Causes of IVT exclusion, (%)

Anticoagulant therapy 28.6

Brain or systemic lesions at risk of bleeding 14.3

Possible placement of vascular stent 11.4

Onset > 4.5 hours 14.3

Major trauma 7.1

Recent surgery 4.3

Other reasons 20.0

IVT: intravenous thrombolysis.

Table 3. Details of Procedural, Clinical, and Safety Outcomes.
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Variables CoT

(n=70)

Direct ET

(n=75)

P Value

Time from symptoms onset to needle, Mean (SD), min 156.1
(37.6)

n.a n.a

Time from symptoms onset to groin puncture, Mean (SD),
min

194.1
(59.9)

204.8
(60.4)

0.322

Time from symptoms onset to recanalization, Mean (SD),
min

245.9
(75.8)

245.1
(58.6)

0.952

TICI 2b or 3 reperfusion, n (%) 59 (84.3) 49 (65.3) 0.0091

Rates of �rst-pass success, % 62.7 38.6 <0.051

sICH, n (%) 7 (10.0) 8 (10.6) 0.871

Cerebral infarct Volume, Mean (SD), ml 16.4 (25.3) 62.3 (81.7) 0.0032

Outcome at 90 days

mRS score of 0-1, n (%) 34 (48.5) 14 (18.6) <0.0011

mRS score of 0-2, n (%) 47 (67.1) 28 (37.3) <0.0011

Mortality, n (%) 5 (7.1) 11 (14.6) 0.151

1 Pearson's chi-squared test; 2 Mann-Whitney test for unpaired groups; CoT: combined therapy; ET:
endovascular therapy.; SD: standard deviation; ICH: intracerebral hemorrhage; mRS: modi�ed Rankin
Scale; TICI: thrombolysis in cerebral infarction grading scale.

Table 4. Multivariate analysis.

Variables P value OR (95% CI)

Baseline NIHSS <0.05 0.73 (0.62-0.86)

ASPECTS score 0.07 0.59 (0.33-1.05)

TICI 2b or 3 reperfusion 0.05 7.30 (0.60-88.62)

CoT treatment 0.03 3.75 (1.09-12.85)

MCA M2 vs. M1 segment 0.15 3.04 (0.66-14.05)

tICA vs. MCA M1 segment 0.25 0.33 (0.05-2.20)

Time from symptoms onset to recanalization 0.11 0.99 (0.98-1.00)

First-pass success 0.15 0.41 (0.12-1.37)
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Forward stepwise logistic regression with dependent variable good clinical outcome (MrS score at 90
days: 0-1). NIHSS: National Institute of Health Stroke Scale; TICI: thrombolysis in cerebral infarction
grading scale; MCA: middle cerebral artery; tICA: terminal internal carotid artery; OR: odd ratio. mRS:
modi�ed Rankin Scale; ASPECTS: Alberta Stroke Program Early Computed Tomography Score; CoT:
combined therapy.
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