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Editorial on the Research Topic

Mechanical thrombectomy and development of thrombectomy devices

In 2015, a series of randomized trials led to the widespread acceptance of mechanical

thrombectomy (MT) as a treatment for patients with acute ischemic stroke. Particularly, MT

for large vessel occlusion (LVO) under specific pre-treatment conditions is now considered

the standard of care (1).

Meanwhile, clinical investigations have shifted their focus toward expanding treatment

indications by exploring the effectiveness of MT in cases with longer treatment time

windows, lower pre-treatment ASPECT scores, distal branch occlusions, and posterior

circulations. LVO associated with intracranial atherosclerotic disease (ICAD) is one of the

actively discussed conditions. Reports indicate that ICAD accounts for 6% (2) to 29.6% (3) of

ischemic strokes, with varying prevalence among ethnic backgrounds, being more common

in Asian, African-American, and Hispanic populations.

The challenges in treating ICAD-related LVO are 2-fold. Firstly, diagnosing ICAD

based on the initial imaging is often technically impossible due to the lack of contrast

filling in the target lesion. As a result, interventionalists need to make a decision once

partial recanalization of the target lesion is achieved although differentiating between

ICAD-related occlusion and occlusion caused by hard clot or arterial dissection can also

be challenging. Secondly, ICAD-related occlusions are known to be associated with a

higher rate of post-treatment re-occlusion (4). Therefore, the selection of rescue therapies

such as Percutaneous Transluminal Angioplasty (PTA), PTA with stenting (PTAS), and/or

antiplatelet therapy (Glycoprotein IIB/IIIA inhibitor) plays a crucial role in maximizing

treatment efficacy while minimizing post-procedure complications such as symptomatic

intracerebral hemorrhage (sICH).

Numerous non-controlled studies have been conducted to address these issues; however,

the optimal timing to shift from MT to PTA/PTAS during the procedure remains unclear.

The number of thrombectomy attempts made can provide more convincing evidence of

unsuccessful reperfusion/underlying ICAD, but it also raises concerns about intimal damage

due to endothelial denudation, vessel perforations or stretching/torsions.
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In this Research Topic of Frontiers of Neurology, Deng et al.

conducted a retrospective subgroup analysis of the Angel-ACT

registry to evaluate the efficacy and safety of PTAS for ICAD-

related acute LVO. Of the 1,793 patients enrolled in the Angel-ACT

group, 475 patients who met the inclusion criteria were included

in the study. The patients were divided into three groups based

on treatment methods: (1) Early Rescue Therapy Group: Patients

underwent PTA/PTAS after one or no MT attempt, (2) No Rescue

Therapy Group: Patients treated only with MT, and (3) Late Rescue

Therapy Group: Patients underwent PTA/PTAS after two or more

MT attempts.

After propensity score matching, the Early Rescue Therapy

group showed better functional outcomes (mRS 0–1) at 90 days

compared to the No Rescue Therapy group [adjusted odds ratio

(aOR), 0.55, p = 0.01] or Late Rescue Therapy group (aOR 0.39,

p = 0.01). There was no difference in the risk of symptomatic

intracranial hemorrhage between the groups.

The authors concluded that once ICAD-related LVO is

suspected, early decision-making to perform rescue therapy

improves the efficacy of treatment without increasing the risk

of post-procedural complications. The relatively poor clinical

outcome in the Late Rescue Therapy group, which underwent MT

attempts of twice or greater before transitioning to PTA/PTAS, was

accounted for by (1) the lower reperfusion rate that can lead to

prolonged procedure time and (2) more intimal damage causing

vasospasm and intraluminal thrombosis.

This article provides a valuable contribution to the field

of neuro-interventional practice by addressing another

predicament that interventionalists have to face from time to

time. The study provided another evidence that early decision

making of shifting the procedure from simple MT to the

rescue therapy improves the treatment outcomes of patient

with ICAD-related-LVO.

The results above is also consistent with a recently performed

large-scale study, the SAINT (Stenting and Angioplasty in

Neurothrombectomy) study, which is a multicenter retrospective

study evaluating the efficacy of rescue intracranial stenting for failed

thrombectomy (2).

In our Research Topic, there is another article that delves into

the same subject. Authored by Cai et al., the article is titled “Rescue

intracranial stenting for acute ischemic stroke after mechanical

thrombectomy failure: a systematic review, meta-analysis, and trial

sequential analysis.” The authors conducted a meta-analysis and

trial sequential analysis of 15 clinical studies (1,595 patients)

evaluating the efficacy and safety of rescue stenting for the failed

MT. Compared to non-stenting approaches, rescue stenting was

associated with better modified Rankin Scale (mRS) scores (0–

2), a lower 90-day mortality rate, without increasing the risk of

symptomatic intracranial hemorrhage. The trial sequential analysis

also confirmed sufficient sample size and statistical power of the

meta-analysis concerning mRS scores. Authors concluded that

the study supported the use of rescue stenting as an effective

and safe treatment for patients with acute ischemic stroke after a

failed MT.

As we witness the growing body of positive clinical data

regarding the effectiveness of rescue therapy for IACD-related-

LVO, it is logical to consider a randomized clinical trial (RCT)

as the subsequent phase to gain more clarity on the treatment’s

clinical advantages. Nevertheless, it is important to exercise caution

due to the historical track record of PTA/PTAS for “symptomatic

ICAD”, which has been discouraging (5, 6). Recently, another

RCT, the CASSIS trial, also failed to show the benefit of PTAS

for the treatment of symptomatic severe ICAD (7). Needless to

say the “ICAD-related-LVO” and “symptomatic ICAD” are totally

different condition. Nevertheless, the occurrence of post-treatment

stroke events or deaths within a 1-year timeframe, which range

from 8.5 to 19.7% (5, 8), cannot be ignored, and it emphasizes

the urgent requirement for new technological advancements or

peri-procedural therapies to enhance the safety of the procedure.

The overall efficacy of rescue therapy for failed thrombectomy

cases has been improving over the past several years, partially due

to the improvement of the peri-procedural antiplatelet therapy.

For instance, an increasing number of studies have reported the

benefits of utilizing intra-arterial (IA) injection of short-acting

IIb/IIIa inhibitors, such as Tirofiban, as a rescue treatment for

failed thrombectomy (9). Furthermore, post treatment protocols of

antiplatelet therapy have been changing. Interventionalists are now

screening patients more frequently using CYP2C19 genetic testing

or platelet aggregometry to rule out potential clopidogrel non-

responders and proactively using the new-generation antiplatelet

agents, such as ticagrelor or prasugrel, which are fast-acting

agents with more consistent efficacy compared to the first-

generation thienopyridine, clopidogrel. Given that the majority

of RCTs in the past were designed to use clopidogrel for

post-dual antiplatelet therapy, there is hope that future RCTs

may be expected to have better efficacy and safety in the

treated arm.

Currently, there are ongoing developments for the ICAD

treatment with the introduction of new-generation endovascular

stents specifically designed for this condition, including drug-

eluting stent systems. Encouraging results have emerged from

several clinical studies conducted in China (10). On the other hand,

the lack of an appropriate animal model that accurately simulates

ICAD poses challenges in conducting preclinical evaluations for

these innovative devices. Therefore, there is a pressing need to

establish ICAD animal models that effectively replicate post-

treatment thromboembolism and in-stent stenosis. By doing so,

we can expedite the progress of new device development aimed at

treating patients with treatment resistant LVO.
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Indications for mechanical thrombectomy in acute ischemic stroke are

increasing, resulting in the continuous development of new devices and

techniques. Therefore, there is a need for a realistic testing and training

environment that o�ers the opportunity to practice di�erent procedures and

test the latest devices. Some authors have described the use of the human

placenta as a model for neurointerventional surgery, with striking similarities

to real-life conditions. This model has many advantages, including its relatively

low cost and minimal infrastructure requirements, with fewer ethical concerns

compared to animal models. So far, some preparation and set-up details

were missing, and only arteries from the chorionic plate were used. This

article provides the necessary clarifications and a mapping of the chorionic

plate veins, so that the use of this model, which is particularly well suited

for mechanical thrombectomy, can be as easy and wide as possible. A video

explaining how to prepare the model is provided.

KEYWORDS

stroke, mechanical thrombectomy, placenta, vascular model,

interventional neuroradiology

Introduction

Randomized controlled trials on acute ischemic stroke due to large vessel

occlusion established the superiority of mechanical thrombectomy (MT) in addition

to the best medical management, including intravenous thrombolysis, over the best

medical management alone within 6 h from symptom onset (1–6). More recent trials

demonstrated that the time window for MT can be extended up to 16 (7) or 24 h

(8) from the last time the patient was known to be well, when the selection is

based on neuroimaging evaluation showing a salvageable penumbra (7) or a mismatch
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between clinical deficit and infarct size (8). Different techniques

are currently used to perform these procedures, including

stent retriever alone, contact aspiration alone, and combined

techniques (using in different fashions stent retriever and

aspiration catheter at the same time). However, there is no

consensus on the optimal method for thrombectomy. Moreover,

due to all these successes, there is a continuous development

of novel therapeutic approaches. Hence, there is the need

for a realistic testing and training environment with the

possibility of practicing different procedures and improving

neurointerventional skills. Available training setups include

computer-based simulations, in vitro training using generalized

or patient-specific vascular models, and animal-based training,

such as swine or rabbit models (9, 10). While each model has

certain advantages and drawbacks, it is difficult to reproduce all

the haptic qualities necessary for these procedures using virtual

simulators or animal model (11). It is therefore necessary to

further improve existing models and to develop new models for

research and training.

The human placenta (HP) is used as a vascular model for

interventional neuroradiology. The HP model has many

advantages, including its relatively low cost, minimal

infrastructure requirements, ease of preparation and set-

up, with fewer ethical concerns compared to animal models.

Kwok et al. (9) conducted in 2014 some experimental studies,

including a simulation of intra-arterial thrombolysis and a

simulation of MT, with a comparison of different devices.

However, the sample sizes were too small to perform statistical

analyses. They reported that this model has striking similarities

to real-life conditions. Nevertheless, some improvements

are needed to better match real patient situations and to

expand its use in research. Indeed, articles about the HP in

neurointerventional surgery all report the use of CPAs to

simulate intracranial arteries (9, 11, 12), whereas the chorionic

plate arteries (CPAs) cross the chorionic plate veins (CPVs)

above, unlike the intracranial arteries with the veins; and the

umbilical arteries are much more difficult to catheterize than

the veins. This article therefore explores the possibility of

using the CPVs to simulate intracranial arteries and conduct

research on MT.

Anatomy, histology and preparation
method

Obtaining placentas

Fresh HP is relatively easy to obtain from hospitals with

obstetric services. Written consent for donation of placenta for

Abbreviations: MT, Mechanical Thrombectomy; HP, Human Placenta;

CPA, Chorionic Plate Artery; CPV, Chorionic Plate Vein; M1 segment,

First segment of Middle cerebral artery; ICA, Internal Carotid Artery; PICA,

Posterior Inferior Cerebellar Artery; DSA, Digital Subtraction Angiography.

research and training in neurointerventional surgery is obtained

from the mother before the baby is delivered. These placentas

can be kept under refrigeration for approximately 2 weeks.

However, it should be noted that the fresher the placenta is, the

more faithful it will be to the actual practice conditions, and the

tighter the artery-vein circuit will be.

Ethical statement

In most countries, including France, the placenta is

considered as a human waste (like hair or nails). To avoid any

confusion, all the women signed an informed consent form

clearly stipulating that the placenta will be used only for training

and research purposes and that no genetic research would be

performed on the specimen.

Anatomy

A normal full-term HP is a circular discoidal organ with a

diameter of about 22 cm, a central thickness of 2.5 cm, and an

average weight of 470 g (13). The umbilical cord contains one

vein (the umbilical vein) and two arteries (the umbilical arteries)

surrounded byWharton’s jelly (see Figure 1). The umbilical vein

carries oxygenated, nutrient-rich blood from the placenta to the

fetus, and the umbilical arteries carry deoxygenated, nutrient-

depleted blood from the fetus to the placenta (14). The umbilical

arteries spiral around the umbilical vein. The umbilical cord

most often inserts slightly eccentrically into the chorionic plate.

The Hyrtl anastomosis is a common connection between the

umbilical arteries near the cord insertion in most HPs. It has two

main roles: safety valve (shunt), in case of partial compression

of the placenta during uterine contractions or occlusion of

one umbilical artery; pressure stabilizer between the umbilical

arteries, when one of the arteries conducts a smaller blood

flow into the placenta and a relatively smaller pressure gradient

is developed, rebuilding the pressure gradients in the affected

artery, and redistributing blood flow from the unaffected artery

to the affected one to improve placental perfusion (15). Hyrtl

anastomosis can be either a single connecting vessel or a fusion

between the umbilical arteries. Most of the anastomoses (up to

90%) are of a single connecting tube, which may be transverse or

oblique to the arteries (16).

The chorionic plate represents the fetal surface of the

placenta, which is covered by the amnion. The amnion

is only weakly attached to the chorion and can easily be

removed from the delivered placenta. The chorion contains the

chorionic vessels which are in continuity with the umbilical

cord vessels. The chorionic plate arteries (CPAs) branches

derive from the two umbilical arteries and form a disperse

pattern where each artery divide in two or more branches,

with gradually diminishing diameter, until their final branches,

which supply the villous trees. The CPVs are direct extensions
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FIGURE 1

(A) Fresh placenta after removal of the amniotic sac and injection of color-dye into the chorionic plate vessels. Yellow vessels correspond to

veins and dark green ones to arteries. (B) Schematic representation of a human placenta. The umbilical cord (black star) contains a vein and two

arteries that spiral around it, buried within Wharton’s jelly. The veins, which carry oxygenated blood, are shown in red, and the arteries in blue.

(C) Umbilical cord cross-section with two umbilical arteries (black arrowheads) and a single umbilical vein (black arrow). (D) 2D-Angiographic

appearance of the chorionic plate vein network after injection of contrast medium through an introducer sheath placed at the junction between

the umbilical vein and the chorionic plate veins. The white arrows show the introducer sheath.

of the veins of the villous trees and usually cross the

CPAs below. The CPVs give rise to the single umbilical

vein (13).

Regarding CPAs, Bekov (17) defined the first-order segments

as those diverging from the umbilical cord. The third-order

segments are the end segments on the fetal surface that dive

into the chorion to provide circulation into distinct cotyledons.

The second-order segments are located between the first and

third segments. Belykh et al. (18) provided data regarding

CPAs lengths and diameters and a comparison with intracranial

arteries. The first-order segments have a mean length of 28.8

± 9.9mm and a mean diameter of 6.5 ± 1.4mm. The second

division has a mean length of 35.9 ± 15.3mm and a mean

diameter of 3.4 ± 0.7mm; these diameters are comparable

to that of the first segment of a middle cerebral artery (M1

segment), an intracranial internal carotid artery (ICA) or a

vertebral artery. The third-order segments have a mean length

of 29.9 ± 10mm and a mean diameter of 1.7 ± 0.4mm;

these diameters are comparable to that of an anterior cerebral

artery, a posterior inferior cerebellar artery (PICA) or M2 to M4

segments. To the best of our knowledge, there is no study that

maps the average lengths and diameters of the different segments

of CPVs.

The basal plate represents the maternal surface of the

placenta. It is an artificial surface, which emerged from

the separation of the placenta from the uterine wall during

delivery. A system of flat grooves or deeper clefts subdivides

the basal plate into 10–40 slightly elevated regions called

cotyledons, each of which consists of a main stem villus and

all its branches (13). Because the basal plate is not used in
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neurointerventional training or research, its description will not

be further detailed.

Preparation

A strict transmissible disease protection protocol must

be observed in all procedures. The first step is to remove

the peripheral membranes with scissors and to peel off the

portion of the amnion that adheres to the chorionic plate from

the periphery to the umbilical cord, exposing the chorionic

plate. Next, the blood adhering to both sides of the placenta

should be removed with water or saline. The umbilical cord

should be shortened by a clean cut with a scalpel to a length

of 3–5 cm in order to facilitate future catheterization of the

umbilical vessels, especially the arteries, which spiral around

the vein. The two umbilical arteries and the umbilical vein

can now be easily identified at the umbilical cord cross-section

(Figure 1C).

The placenta is placed in a tray, which will be slightly

inclined after preparation, to facilitate the emptying of fluid and

contrast medium that extravasates out of the delicate capillary

system, thus keeping the radiological field clear. The guide wire

provided with a 6F introducer sheath is placed in the umbilical

vein up to the CPVs, allowing then to position the introducer

sheath with its dilator on this guide wire. The same strategy

is used to catheterize each of the umbilical arteries up to the

chorionic plate, with two particularities: the primary use of

size 4–5F material may be useful to facilitate catheterization

in these smaller vessels; rotating the cord around the venous

introducer sheath is often useful to decrease the tortuosity of

the umbilical arteries. The 4–5F introducers can be exchanged

for 6–7F introducers for arteries and an exchange with 7–8F

material can be done for the vein, to allow the introduction

of larger caliber catheters depending on the context of use. A

suture should now be placed around each umbilical vessel to

avoid fluid reflux into them, another method being the use of

clamps. At this stage, a 100- to 140-mmHg pressure bag is used

to deliver a heparinized saline solution via an IV line into each

arterial introducer (or in the venous introducer if the vessels

used later for research or training will be the veins), dilating the

vessels and removing the intraluminal clots. Note that digital

pressures can help remove clots. Another IV line is connected

to the venous introducer (or to each arterial introducer, if the

anti-physiological direction is used), and its other end is placed

in a tray, as the end of the circuit (placing a few gauze sponges

in the bottom of this tray allows to mop up the liquid). Digital

subtraction angiography (DSA) can now be practiced being as

close as possible to the real conditions of intervention.

Note that one of the advantages of the HPmodel is the semi-

transparent nature of the chorionic plate, which allows direct

observation of changes within the blood vessels, the behavior of

catheters, devices, clots, etc.

Histopathology and
immunohistochemistry

For histopathological assessment, areas of the placenta that

include CPAs and CPVs can be obtained to allow routine

processing in cassettes. Samples are routinely fixed for at least

48–72 h in neutral buffered formalin before processing and

embedding into paraffin blocks, fromwhich histological sections

of 3–5µm can be obtained. Once in blocks, samples may be

stored indefinitely at room temperature (19).

Unlike cerebral arteries, CPAs do not have an internal

elastic lamina or elastic fibers in the media (18); therefore,

these elements cannot be used for research purposes. However,

because the endothelium of CPAs is positive for CD31 staining

(9), the change in endothelium lining can be studied easily. The

endothelial response to different devices or drugs can then be

examined, which opens the door to many studies, such as the

comparison between different MT devices or the comparison

between different MT techniques.

Using CPVs as intracranial arteries

An improvement to the HP model could be its anti-

physiological use, i.e., using CPVs as intracranial arteries.

Indeed, CPAs are most often used to simulate intracranial

arteries in neurointerventional surgery (9, 11, 12), whereas

umbilical arteries are more difficult to catheterize than the vein,

which is more straight and has a greater diameter. Furthermore,

unlike intracranial vessels which have markedly different

properties, histology, and vessel wall thickness between arteries

and veins, due to different pressure requirements, chorionic

plate vessels show far fewer disparities. Finally, this larger

diameter, which allows the placement of larger introducers, will

make it possible to use other catheters, capable for example

of simultaneously accommodating two microcatheters. It is

therefore necessary to map the lengths and diameters of the

CPVs, and to verify that the endothelium of the placental veins

is correctly labeled by CD31 (or CD34).

Methods

After written consent from the mothers, 6 placentas

were prepared with the above-mentioned method

(Supplementary Video 1), allowing the acquisition of standard

anteroposterior 2D-projections and 3D-rotational angiography,

after injection of iodinated contrast medium (6mL with

a velocity of 3 mL/s for 2D-projections and 15mL with a

velocity of 3 mL/s for 3D-rotational angiography), with a

monoplane angiographic system (Azurion; Philips Healthcare,

Best, the Netherlands). The lengths and diameters of the

chorionic plate venous segments were measured, allowing
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FIGURE 2

(A) 2D-Angiography of the chorionic plate veins with white arrows indicating first-, second-, and third-order segments. (B) Cross sectional

image of the placenta shown in Figure 1A, obtained by light microscopy. The tissue sample was stained with CD31 for endothelium. Both CPA

(a) and CPV (v) endothelia are CD31 positive, and appear in dark brown.

calculation of the mean measurements, with standard

deviation. Measurements were made by one interventional

neuroradiologist on the 3D-angiograms, on all segments well

opacified by the contrast medium.

On another placenta, in which color-dye was injected

(the one shown in Figure 1), immunohistochemical analyses

were performed to verify that the venous endothelium is

labeled by CD31. The placenta was fixed for 7 days in

neutral buffered formalin before processing and embedding

into paraffin blocks, from which histological sections were

obtained, and immunostainings with CD31 were performed.

Immunohistochemical analyses were performed by one

perinatal pathologist.

Results

By analogy with Bekov’s classification for CPAs (17), it can be

defined (Figure 2): the first-order segments of the CPVs, those

directly following the veins of the villous trees; the second-order

segments, between the first and third segments; the third-order

segments, joining the umbilical vein. Table 1 shows the average

diameters and lengths of the first-, second-, and third-order

venous segments. Figure 2B shows the immunohistochemical

positivity of the arterial and venous vascular endothelium

to CD31.

Discussion

The HP is a useful vascular model for training and research

in MT. One of its advantages is the ease of implementation in

TABLE 1 Average diameters (mm) and lengths (mm) of the first-,

second-, and third-order venous segments.

Segments Mean Diameter

± SD (range)

Mean Length ±

SD (range)

Third-order 11.6± 3.6 (7.4–17.9) 33.6± 8.8 (21.8–46)

Second-order 3.7± 1.1 (2.3–5.7) 28.3± 10.7 (15.1–49.7)

First-Order 1.3± 0.5 (0.7–2.1) 8.2± 2.3 (3.5–13.9)

any hospital with a maternity ward and an angiographic system,

at a very low cost. Unlike computer-based and silicone models,

it can be used to study the endothelial response to drugs and

devices used in MT. Another advantage is that a single HP has

several vessels that can all be used for simulation and reproduce

various endovascular anatomical situations. Furthermore, there

are fewer ethical issues compared to animal models, and

the equipment and personnel requirements are much lower.

Ultimately, a single placenta can be used for several training

sessions, as it keeps very well for up to 2 weeks.

Although the HP model cannot be used in longitudinal

follow-up studies like animal models (10), it could be used to

study immediate hemodynamic changes induced by different

devices, such as stents for “intracranial” stenosis. This could be

done in all imagingmodalities andmore easily than with silicone

models. The absence of great vessels and supra-aortic trunks

analogs in the HP model can be compensated by the combined

use of HP and other vascular models, such as silicone models.

So far, papers referring to the use of placenta in

neurointerventional surgery all reported the use of CPAs to

simulate intracranial arteries (9, 11, 12). This study demonstrates
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that CPVs can also be used thanks to their anatomy and

histology, which are very similar to those of arteries. The

following advantages have been observed: CPVs cross the CPAs

below, just as intracranial arteries do with respect to veins;

and the umbilical vein is much easier to catheterize initially

(including with larger catheters), and can be the only vessel

catheterized in case of difficulties in catheterizing arteries that

are too tortuous (it would, however, implies higher fluid losses).

However, it is preferable, if possible, to catheterize both the

umbilical arteries and the umbilical vein, thus obtaining a closed

vascular model and a larger number of vessels to use for research

or training. Indeed, it is possible to change the direction of

fluid flow during experiments, as both CPAs and CPVs can

simulate intracranial vessels. Second-order venous segments of

the chorionic plate, with amean diameter of 3.7± 1.1mm (range

= 2.3–5.7mm), are ideally suited for training and research in

MT, because these values correspond to those of the large arterial

trunks for which MT is performed. In addition, third-order

venous segments, with an average diameter of 11.6 ± 3.6mm

(range = 7.4–17.9mm), can sometimes be used to train for

cervical carotid stenting when the length is sufficient [33.6 ±

8.8mm (range= 21.8–46 mm)].

Currently, interventional neuroradiologists who perform

procedures on ex vivo vascular models, including HP, use water

or saline solution to represent blood. Unlike these fluids, blood is

a shear-thinning fluid. As a consequence, it makes the simulation

less realistic because it lacks tactile feedback. The best blood

mimicking fluid must reproduce the physical properties and

rheology of blood. This would allow tactile sensations similar

to those of real patients, and the behavior of devices and drugs

would be more accurate. In addition, if the fluid can be studied

realistically in Doppler, it would be a significant improvement.

Blood itself might seem like the best fluid to use. However, there

are several limitations in using blood and its components. It is a

potential biohazard and precautions must be taken to minimize

this risk. In addition, the shelf life of blood is limited, and in

vitro erythrocytes are easily damaged. Moreover, the rheological

properties of blood are likely to be different at room temperature

than at 37◦C (20). A 60/40 (by volume) water–glycerol mixture

is one of the most widely used blood-analog solutions for use

with vascular flow models (21). It has a viscosity of 3.8 ± 0.08

× 10−6 m2/s and a density of 1090 ± 15 kg/m3 (22), which

is comparable to human blood. This water-glycerol solution is

an inexpensive option that can be used with the HP model to

improve tactile feedback.

Vessel pulsatility in the HP model can be simulated by using

a programmable pulsatile perfusion pump, generating varying

pressures and flow volumes at predetermined intervals. Many

pumps of this type already exist and are commercially available,

the pumps used with silicone models being compatible with

the HP model. For preclinical evaluation and development of

MT devices, and for training in interventional techniques with

these devices, clot analogs that are as close as possible to the

clots that cause stroke in humans should be used. Such clots

with different fibrin and red blood cells compositions have been

developed as part of the Neuro Thromboembolic Initiative of

Neuravi (Cerenovus, Galway, Ireland) (23).

To conclude, HP may provide a low-cost training and

research model for MT. The use of the CPVs seems to

facilitate model preparation and may open new insights. The

immunohistochemical positivity of the arterial and venous

endothelium to CD31 opens the door to fundamental research

projects. Further studies are however warranted to validate

this model.
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Comparison of vacuum
pressures and suction forces
generated by di�erent pump
systems for aspiration
thrombectomy
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Department of Neurosurgery, Kangdong Sacred Heart Hospital, Hallym University College of

Medicine, Seoul, South Korea

Objective: Aspiration thrombectomy is used to treat endovascular stroke

treatment by clot removal through vacuum and suction forces. We aimed

to investigate the pressures and suction forces generated by di�erent pump

systems for aspiration.

Methods: Vacuum pressure was measured using a vacuum gauge with

a closed tip for a 60cc syringe and aspiration pumps. Using an artificial

thrombus made from polyvinyl alcohol hydrogel and latex membrane, we

assessed the catheter tip force generated on an artificial thrombus using 5Fr

Sofia and 6Fr Sofia PLUS intermediate catheters combined with Penumbra

Jet Engine or Stryker Medela AXS Universal Aspiration Set. Subsequently,

we calculated the catheter tip forces based on the pressure [catheter tip

size (force = area × pressure)], and compared with the measured catheter

tip force.

Results: The 60cc syringe generated the highest vacuum pressure. Among

the automatic pumps, the Penumbra jet engine generated the highest vacuum

pressure. The catheter tip forces on the artificial thrombus and latexmembrane

were 18.5± 1.70 and 8.0± 1.23 gf, respectively, and 13.9 ± 1.37 and 5.6 ± 0.83

gf, respectively using the 5 Fr Sofia with the Penumbra Jet Engine and the

Stryker Medela AXS Universal Aspiration Set, respectively. The corresponding

values for the 6 Fr Sofia PLUS with the Penumbra Jet Engine and Stryker

Medela AXS Universal Aspiration Set were 39.7 ± 3.88 and 20.7 ± 0.92 gf and

25.4 ± 4.96 and 18.0 ± 0.84 gf. For a constant catheter diameter and the

automatic pump, the catheter tip force was significantly larger in the artificial

thrombus than latex membrane (p < 0.001, ANOVA).

Conclusion: The catheter diameter, vacuum pressure, and clot softness are

positively correlated with the catheter tip force.

KEYWORDS

aspiration thrombectomy, vacuum pressure, suction force, endovascular stroke

treatment, pump systems

Frontiers inNeurology 01 frontiersin.org

15

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2022.978584
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2022.978584&domain=pdf&date_stamp=2022-10-06
mailto:nsyjee@gmail.com
https://doi.org/10.3389/fneur.2022.978584
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fneur.2022.978584/full
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Kim and Lee 10.3389/fneur.2022.978584

Introduction

Since the introduction of intracranial thromboaspiration

in 2002, there has been considerable progress in manual

aspiration thrombectomy for treating acute ischemic stroke

(1–5). Following the success of initial trials on mechanical

thrombectomy using stent retrievers to achieve recanalization

of occluded large vessels, randomized control trials have shown

that frontline aspiration thrombectomy using a direct aspiration

at first pass technique is a non-inferior, fast, and effective

alternative (6, 7). Accordingly, there has been considerable

evolution in aspiration catheter technology. Compared with

smaller catheters, larger caliber catheters with greater aspiration

forces are associated with shorter procedure times, increased

rates of first-pass success, and improved clinical outcomes.

Further, aspiration power can be enhanced using automatic

aspiration pumps with high aspiration forces, which have started

being used by neurointerventional physicians. The 60cc syringe

was used before the introduction of automatic pumps (1).

There have been inconsistent findings regarding the vacuum

pressures generated by a 60cc syringe and automatic pumps

according to the study designs (8–10). Additionally, no studies

have compared the suction power at the catheter tip when the

thrombus is engaged with the catheter. This study aimed to

compare the vacuum pressures generated by a 60cc syringe and

commercially available automatic pumps as well as the catheter

tip forces generated by various combinations of suction catheters

and automatic pumps.

Materials and methods

We evaluated the vacuum pressure generated by different

pumps, including the Penumbra Jet Engine (Penumbra, Inc.,

CA, USA), Penumbra MAX pump, and Stryker Medela AXS

Universal Aspiration Set (Stryker, MI, USA). We performed

pressure testing of the 60cc syringe to ensure it was comparable

to that of the automatic pumps for control. Additionally, we

assessed the catheter tip force using 5F Sofia and 6F Sofia Plus

catheters (MicroVention, Inc., Tustin, CA, USA) combined with

the Penumbra Jet Engine and Stryker Medela AXS Universal

Aspiration Set.

Vacuum pressure

We performed in vitro analysis of vacuum pressure using a

calibrated pressure gauge (Fluke, 700G-10, Everett, WA, USA).

The gauge was connected to the pump or 60cc syringe using a

three-way pressure gauge inline adapter (Luer lock, ISO 594-

2); additionally, a flow stopcock was positioned at the other

side of this adapter (Figure 1A). A flow stopcock was completely

closed to allow no flow and measure the pure negative pressure

generated by the pumps or 60cc syringe at the pre-catheter

FIGURE 1

In vitro measurement of vacuum pressure. (A) The pump was

connected to a pressure gauge using a three-way pressure

gauge inline adapter (luer lock, ISO 594-2); additionally, the

system was completely closed by stopcock, which is attached at

the end of the three-way adapter. (B) A 60cc syringe was

connected to a pressure gauge, and a plunge was locked into

place.

level. After confirming that the pressure gauge was zero, we

turned the pump on and started the timer. To evaluate the

trend of the pump-generated negative pressure, we measured

the pressure immediately after the pump was turned on, with

the pressure trend being observed until the pump was turned

off. Subsequently, the pump was turned on and the pressure was

measured after 20min to mimic the actual clinical environment.

The flow rate of the Stryker Medela AXS Universal Aspiration

Set can be adjusted; moreover, the pressure can be compared

by setting the maximum and minimum flow rates. For syringe

aspiration, we immediately applied maximal initial pressure,

and the plunger was locked into place (Figure 1B). Pressure

was recorded in kilopascals (kPa) at a rate of 1 pressure

measurement per second.
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FIGURE 2

In vitro measurement of the catheter tip force. (A) A digital force

gauge (ZTA-5N, IMADA Co., Toyohashi, Japan) was used to

measure the catheter tip force. (B) The artificial thrombus was

loaded into a 8 mm-sized polypropylene tube and attached at

the end of a load cell attached to a digital force gauge. (C) A

latex membrane was attached at the end of the load cell to

simulate hard clots such as white clots.

Catheter tip force

The catheter tip force was measured using an artificial

thrombus made using a polyvinyl alcohol (PVA) polymer

and latex membrane. Here, a 10% PVA solution was mixed

with sodium tetraborate and sodium bicarbonate. Before

experimental use, the artificial thrombus was aged at room

temperature for 1 day, loaded into an 8 mm-sized polypropylene

tube, and attached at the end of the load cell attached to a

digital force gauge (ZTA-5N, IMADA Co., Toyohashi, Japan)

(Figures 2A,B). Additionally, to simulate a hard clot, including

a white clot, a latex membrane was attached at the end of the

load cell instead of the artificial thrombus (Figure 2C). After

connecting the Sofia catheters combined with the Penumbra

Jet Engine or Stryker Medela AXS Universal Aspiration Set,

the pump was turned on and allowed to achieve a steady-state

vacuum pressure by remaining on for >10min. Subsequently,

the catheter tip was directly placed onto an artificial thrombus

or latex membrane. After confirming good apposition of the

catheter tip with the artificial thrombus or latex membrane, the

catheter was detached. This procedure was repeated manually

10 times, with continuous measurement of the catheter tip force

[gram-force (gf)] throughout the entire procedure. The catheter

tip force was defined as the maximum force, which was averaged

by selecting the highest values recorded in each session. We

compared the measured and calculated catheter tip forces. The

catheter tip force was calculated as follows:

Faspiration = Acatheter ×1Pcatheter (F = AP)

where Faspiration is the suction force at the aspiration catheter

tip, Acatheter is the area at the tip, and 1Pcatheter is the

vacuum pressure inside the aspiration catheter. ForAcatheter , the

catheter area was used, while for 1Pcatheter , the average value

of the measured maximum pressure for each pump was used,

as aforementioned.

Statistics

A one-way analysis of variance (ANOVA) was used to

compare the effect of automatic pumps and the 60cc syringe on

vacuum pressures and catheter tip forces. Student’s t-test was

used to analyze differences in the vacuum pressures generated

by the Stryker Medela AXS Universal Aspiration Set with two

different flow rates. All statistical analyses were performed using

SPSS 23 software (IBM, Armonk, NY, USA).

Results

Figure 3A shows the results for vacuum pressure. Compared

with the other automatic pumps, the 60cc syringe reached the

highest vacuum pressure (average maximum pressure: 98.24 ±

0.16 kPa). The maximum pressures of the Penumbra Jet Engine,

Penumbra MAX pump, and Stryker Medela AXS Universal

Aspiration Set were 96.01 ± 0.24, 94.31 ± 0.82, and 79.53

± 1.40 kPa, respectively. There were significant differences in

maximum vacuum pressures between the 60cc syringe and

the other automatic pumps (p < 0.0001). The Stryker Medela
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FIGURE 3

(A) Comparison of vacuum pressure between the 60cc syringe and other automatic pumps. (B) Vacuum pressure according to flow rate in the

Stryker Medela AXS Universal Aspiration Set. (C) Vacuum pressures of automatic pumps at 20min after turning on the pump.
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AXS Universal Aspiration Set with the maximum flow rate

(60 ml/min) reached the maximum pressure (82.91 ± 0.65

kPa) after 35 s. However, the pressure gradually decreased over

time and plateaued at 78.77 ± 0.58 kPa after 400 s. After the

pump was turned off, when using the 60cc syringe, the pressure

reached 0 the fastest, followed by the Stryker Medela AXS

Universal Aspiration Set, PenumbraMAXpump, and Penumbra

Jet Engine. There was a significant difference in the vacuum

pressures of the Stryker Medela AXS Universal Aspiration Set

with the two flow rates (Figure 3B). The average maximum

pressures with a flow rate of 60 ml/min and 40 ml/min were

79.53± 1.40 kPa and 74.06± 0.59 kPa, respectively (p= 0.001).

Under 40 ml/min, the pump reached the maximum pressure

(76.23 ± 0.12 kPa) after 35 s, followed by a gradual decrease

over time and a plateau at 73.70 ± 0.46 kPa after 400 s. Further,

there were significant differences in the maximum pressures of

the three automatic pumps at 20min after turning on the pump

(Figure 3C).

In the PVA clot, the catheter tip force was measured to be

18.5 ± 1.70 gf and 39.7 ± 3.88 gf in the 5 Fr Sofia and 6 Fr Sofia

PLUS combined with the Penumbra Jet Engine, respectively,

as well as 13.9 ± 1.37 and 25.4 ± 4.96 gf in the 5 Fr Sofia

and 6 Fr Sofia PLUS combined with the Stryker Medela AXS

Universal Aspiration Set, respectively. In the latex membrane,

the catheter tip force was measured to be 8.0 ± 1.23 and 20.7 ±

0.92 gf in the 5 Fr Sofia and 6 Fr Sofia PLUS combined with the

Penumbra Jet Engine as well as 5.6 ± 0.83 and 18.0 ± 0.84 gf in

the 5 Fr Sofia and 6 Fr Sofia PLUS combined with the Stryker

Medela AXS Universal Aspiration Set, respectively (Figure 4).

Regardless of the mechanical properties of the clot analog, the

catheter diameter showed a significant positive correlation with

the catheter tip force (p < 0.001). For a constant catheter

diameter, the catheter tip force was significantly larger in the soft

clot (PVA clot analog) than in the hard clot (latex membrane)

(p < 0.001, ANOVA). The calculated catheter tip force was 12.6

and 22.2 gf in the 5 Fr Sofia and 6 Fr Sofia PLUS combined

with the Penumbra Jet Engine, respectively, as well as 10.4 and

18.4 gf in the 5 Fr and 6 Fr Sofia PLUS combined with the

Stryker Medela AXS Universal Aspiration Set, respectively. In

the PVA clot analog, the measured catheter-tip force was greater

than the calculated catheter-tip force. Contrastingly, in the latex

membrane, the calculated catheter tip force was greater than the

measured catheter tip force.

Discussion

Mechanical suction thrombectomy involves engaging a

thrombus with a large-bore catheter and establishing constant

adherence between the thrombus and catheter with suction

force. Classically, vacuum forces within a catheter are governed

by Poiseuilli’s law. Accordingly, studies have used various

experimental models to investigate the vacuum flow rate

FIGURE 4

Comparison of catheter tip forces of the 5Fr Sofia and 6Fr Sofia

Plus catheters combined with the Penumbra Jet Engine and

Stryker Medela AXS Universal Aspiration Set.

(10, 11). For direct aspiration thrombectomy, the catheter

should completely adhere to the thrombus, which causes flow

arrest (12). Here, the suction force is directly affected by the

applied vacuum pressure and cross-sectional area of the catheter

(F = PA), as well as the diameter and resistance of the vessel

wall, the size and mechanical properties of the thrombus, and

the blood pressure behind the thrombus (13). However, we

could only control the vacuum pressure and catheter diameter

during the procedure. Therefore, we compared the vacuum

pressure generated by the 60cc syringe and different automatic

pumps at the pre-catheter level under a closed system, with

the assumption of complete engagement of the thrombus

at the aspiration catheter. We found that the 60cc syringe

reached the highest vacuum pressure compared with the other

automatic pumps. The 60cc syringe achieved a slightly higher

vacuum pressure than the Penumbra Jet Engine and Penumbra

MAX pumps, which could be because the syringe directly

delivers vacuum pressure to the catheter. Conversely, Penumbra

pumps deliver vacuum pressure through a silicon tubing set

and canister, with a relatively large volumetric space where

some pressure might be lost. Further, for the Stryker Medela

AXS Universal Aspiration Set, there were differences between

the measured and manufacturer-provided maximum pressures,

which also significantly differed from the measured maximum

pressure of the syringe. Additionally, for the StrykerMedela AXS

Universal Aspiration Set, the maximum pressure was rapidly

reached, followed by a gradual decrease in the pressure, which

eventually plateaued. In addition to the tubing system, we

observed a leaking point in ClotFinderTM, where the body and

lid were not completely sealed. This could have attributed to the

drop in pressure and difference in the maximum pressure.
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The catheter tip force was measured as the average value

of the maximum pressure in different trials, where the catheter

was engaged with the clot and pulled until it was removed

from the clot. Because the negative pressure could not be

continuously maintained using the 60cc syringe, the catheter

tip force was compared using automatic pumps. Under the

same vacuum pressure, the catheter diameter is positively

correlated with the tip force. In addition, when the catheter

diameter is constant, a difference in the tip force was confirmed

by the difference in the vacuum pressure generated by the

automatic pump. Our findings suggest that to successfully

perform suction thrombectomy, it is important to use a catheter

with a diameter as large as possible in consideration of the

target vessel. The vacuum pressure is positively correlated

with the tip force; however, it is difficult to suggest an

appropriate vacuum pressure since the effective tip force for

suction thrombectomy remains unclear. In the first published

thromboaspiration, thrombectomy was performed using a

60cc syringe; subsequently, a 60cc syringe was mainly used

for suction thrombectomy before the automatic pumps were

commercially available (1, 14–16). Additionally, several studies

have demonstrated that the 60cc syringe produces the highest

maximum pressure and is both safe and cost-effective (14, 17).

Therefore, when using an autonomic pump, it is important to

use a pump that produces a vacuum pressure similar to that of a

60cc syringe for large vessel occlusions.

The clot softness was positively correlated with the catheter

tip force. Since the suctioned material was sucked into the

catheter, it changed to a convex shape in the proximal direction

of the catheter. The softer the suction material, the more convex

it is. Accordingly, soft material is thought to generate a large

catheter tip force since the effective cross-sectional area to which

the pressure is applied becomes larger than that in the hard

material. In the PVA analog, the measured catheter tip force

was larger than the calculated one, which could be attributed to

the aforementioned phenomenon. Our findings suggest that the

success rate of suction thrombectomy might be higher for soft

clots than for hard clots. Future in vitro and clinical studies are

warranted to confirm these findings.

This study had several limitations. First, we used PVA to

fabricate a clot analog. Although it served as a good thrombus

analog and effectively occluded the catheter tip, it does not

fully reflect the mechanical properties of actual clots. Second,

we investigated a small number of catheters. However, each

catheter, for example, 5F Sofia and 6F Sofia Plus catheters,

has a diameter that can represent 5Fr and 6Fr series catheters.

Moreover, there is no significant difference in the diameter

of catheters with the same series across companies. Since the

study objective was comparing suction devices and catheters,

absolute force measurement is less important than the between-

device differences in values. Additionally, we compared two

clot analogs with different mechanical properties and confirmed

differences in the catheter tip force according to the mechanical

properties of the clot. Human trials are warranted to confirm

these findings.

Conclusion

Compared with other autonomic pumps, the 60cc syringe

provides the highest vacuum pressure. Among the autonomic

pumps, the Penumbra jet engine provides the highest vacuum

pressure and catheter tip force. The vacuum pressure, inner

catheter diameter, and clot softness are positively correlated with

the catheter tip force on aspiration.
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Application of Balloon
AngioplaSty with the dIstal
protection of Stent Retriever
(BASIS) technique for acute
intracranial artery
atherosclerosis-related
occlusion

Ting-yu Yi, Yan-min Wu, Ding-lai Lin, Zhi-nan Pan,

Xiu-fen Zheng, Ji Gan, Mei-hua Wu, Xiao-hui Lin,

Rong-cheng Chen, Li-san Zeng and Wen-huo Chen*

Zhangzhou A�liated Hospital of Fujian Medical University, Zhangzhou, China

Background: Endovascular therapy (EVT) is complex in the context of

intracranial atherosclerosis (ICAS)-related large vessel occlusion (LVO) and the

re-occlusion rates are high due to residual stenosis, the procedure time is long

and the optimal EVT technique is unclear. The Balloon AngioplaSty with the

dIstal protection of Stent Retriever (BASIS) technique is a novel thrombectomy

technique that allows emergent balloon angioplasty to be performed via the

wire of the retrieval stent. Our study presents our initial experience with the

BASIS technique in ICAS-related LVO and assesses its feasibility.

Method: In patients with ICAS-related LVO treated with BASIS, clinical

and angiographic data were retrospectively analyzed. Angiographic data

included first-pass reperfusion (PFR), the rate of residual stenosis, distal

emboli, and re-occlusion post-procedure. The Extended Thrombolysis in

Cerebral Infarction (eTICI) scale was used to assess reperfusion extent, and an

eTICI score ≥2b was defined as successful perfusion. Clinical outcome was

evaluated at 3 months (modified Rankin score [mRS]), and an mRS ≤2 was

defined as a good clinical outcome.

Results: A total of seven patients with ICAS-related LVO were included,

and the median age of the patients was 76 years. All patients achieved

eTICI 3 reperfusion and FPR. The residual stenosis rate ranged from

5 to 10%. None of the patients had re-occlusion post-procedure. The

median puncture-to-reperfusion time was 51min. None of the patients had

a symptomatic cerebral hemorrhage, re-occlusion, distal embolism, and
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dissection. Good clinical outcomes were observed in four patients (4/7, 57.1%),

and 1 patient (1/7, 14.3%) died.

Conclusion: The BASIS technique is feasible and safe for treating acute

ICAS-related LVO.

KEYWORDS

intracranial atherosclerosis, large vessel occlusion, BASIS, endovascular therapy, first

pass e�ect

Introduction

Endovascular thrombectomy (EVT) is the standard and

effective treatment for ischemic stroke patients with large vessel

occlusion (LVO) (1–8). The main strategy of EVT for LVO

includes stentriever thrombectomy, aspiration thrombectomy,

and emergent angioplasty. The optimal EVT therapy for LVO

caused by intracranial atherosclerosis (ICAS)-related LVO is

unclear. In contrast to embolic lesions, ICAS responds less to

stentriever thrombectomy (9) and requires a more complex,

technically demanding recanalization strategy and longer

procedure time (10). The EVT strategy is complex in ICAS

lesions due to the multiformity of plaque, angioarchitecture,

and thrombus composition in such cases. The dilemma in

treating ICAS-related LVO is listed as follows: (1) If stentriever

thrombectomy is chosen as the first-line strategy, a thrombus

located distal to the stenotic site is hard to retrieve by the

retrieval stent for tight stenosis at the proximal segment, and

artery dissection may also occur following repeated stentriever

thrombectomy; (2) If emergent angioplasty is chosen as the first-

line strategy, a thrombus located distal to the stenotic site will

migrate distal to the stenotic site when the proximal stenotic

site is opened, which will increase the difficulty and risk in

treating it via EVT. On the other hand, the perforating artery

may be occluded by thrombi caused by emergent angioplasty.

Furthermore, the procedure-related complication rate might

increase with additional endovascular operations (11, 12).

The dilemma may be resolved if angioplasty can be

performed via balloon advancement through the wire of the

retrieval stent. Therefore, we propose the novel EVT technique,

which is called the BASIS technique (Balloon AngioplaSty with

the dIstal protection of Stent Retriever), in treating ICAS-related

LVO and assessed the feasibility of the BASIS technique in

treating such types of lesions.

Materials and methods

Patients

Informed consent for treatment was obtained from all of

the patients or their relatives. The study was approved by and

conducted in accordance with the guidelines of our institutional

review board (ID 2021 LWB227), and informed consent was

not obtained for the study because of its retrospective nature.

Patients with ICAS-related LVO who received the BASIS

technique were included. Patients were selected based on the

following criteria: (1) digital subtraction angiography (DSA)

documentation of LVO; (2) ICAS was suspected by clinical

presentation and the appearance of a tapered sign observed on

CT angiography (CTA)/DSA (13) and the phenomenon of the

“microcatheter first pass effect” (14) or culprit intracranial artery

stenosis was diagnosed before stroke onset; and (3) the BASIS

technique was adopted.

Endovascular treatment (BASIS)

An endovascular procedure was performed under conscious

sedation. An 8F sheath was retrogradely inserted into the

femoral artery, and diagnostic angiography was performed to

confirm LVO suspected to be caused by ICAS. The novel

technique referred to as BASIS is first described in this study.

In brief, after deployment of the guiding catheter into the ICA

or vertebral artery (VA), the microcatheter and a microwire

are navigated through the area of total occlusion to the distal

patent artery, and the microcatheter is then retrieved on the

proximal side of the thrombus. Angiography is performed with

a guiding catheter to determine whether blood flows through

the vessel at the site of occlusion. When such flow is observed,

a microcatheter “first-pass effect” is verified, which indicates a

high probability of ICAS-related LVO. If thrombi located distal

to the stenotic site are observed during the microcatheter “first

pass effect” test, the BASIS technique is strongly recommended.

A microcatheter was re-navigated through the area of total

occlusion to the distal patent artery, microwire retrieved, and

a retrieval stent of which the diameter of the wire was 0.014

inch, was deployed at the occlusion site, fully covering the lesion

and thrombus (Figure 1A); the microcatheter was withdrawn

while the stent was in place (Figure 1B); a suitable balloon was

advanced into the stenotic site through the wire of the retrieval

stent, the stent was partially retrieved, and the balloon inflated

(Figure 1C); the aspiration catheter was inserted through the

stenotic site while the balloon was deflated (Figure 1D); the stent

retriever was withdrawn under continuous manual negative
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pressure formed with a 50-ml locked syringe without changing

the position of the aspiration catheter (Figure 1E); continuous

aspiration was performed via 50-ml locked syringe while totally

withdrawing the stent retriever until there was blood flow

from the aspiration catheter (Figure 1F); the retrieval stent

was redeployed at the lesion site, then the aspiration catheter

retrieved to the proximal site under continuous aspiration via

50-ml locked syringe (Figure 1G). Angiography was performed

to determine the stenosis grade and reperfusion grade. If the

successful reperfusion grade could be maintained, then the stent

was retrieved via a microcatheter and withdrawn. If successful

reperfusion could not be achieved and/or residual stenosis was

high, angioplasty via balloon could be reperformed, in some

clinical scenarios of stent implantation (Figure 1H).

This procedure was performed as per the following steps:

(1) retrieval stent placement; (2) balloon angioplasty via wire

of retrieval stent; (3) passage of aspiration catheter following

after balloon deflated; (4) negative aspiration; (5) retrieval

stent re-placement; (6) withdraw the retrieval stent; and

(6) revascularization. The core novelty of this technique is

summarized as Balloon AngioplaSty with the dIstal protection

of a Stent Retriever; therefore, this technique, as adopted by us,

is named the BASIS technique.

Clinical and outcomes assessment and
measures

The National Institutes of Health Stroke Scale (NIHSS)

was used to assess patients’ neurological function, and 90-day

mRS was used to assess the clinical outcome. The primary

clinical efficacy outcome was the rate of good prognosis at 90

days postprocedure, as defined by an mRS score of 0–2. Safety

was evaluated by the incidence of symptomatic intracranial

hemorrhage (sICH) and the occurrence of re-occlusion post-

procedure, which was assessed by CTA performed 24–72 h

post-procedure. High-resolution MR was performed in high-

cooperation patients, sICH was defined according to the

Heidelberg criteria (15).

Angiographic and procedural outcomes

Brain tissue reperfusion was assessed radiologically

immediately after the operation by the Extended Thrombolysis

in Cerebral Infarction (eTICI) scale, with successful reperfusion

defined as an eTICI score ≥2b (16). Achievement of complete

reperfusion (eTICI 3) after a single operation of EVT was called

first-pass reperfusion, which is the first-pass effect (FPE) (17).

The primary angiographic outcomes were the rate of successful

reperfusion, the FPE rate, and the residual stenosis rate.

Secondary outcome measures included the incidence of distal

emboli, arterial dissection, and procedure-related complications.

Data availability

Access to patient records for data collection and analysis was

approved by our local medical ethics committee, and informed

consent was not obtained because of the retrospective nature of

the study. We will share the identified data of participants in our

study upon request.

Statistical analysis

The data for categorical variables are described in absolute

and relative frequencies. The data for continuous variables are

given as the median and range or the mean and standard

deviation. All statistical analyses were performed with IBM SPSS

Statistics 22.0 (IBM, Inc., Armonk, NY).

Results

A total of seven patients (four men and three women) with

acute ICAS-related LVO who received the BASIS technique

(illustrated case is shown in Figure 2) were identified from

our prospective acute ischemic stroke database of patients

who received EVT. The patients’ baseline characteristics

and clinical outcomes are shown in Table 1. Six patients

had hypertension, one had hyperlipidemia, one had diabetes

mellitus, one had an ischemic stroke, two were smokers, two

had hyperlipidemia, and none had atrial fibrillation. The median

admission NIHSS score was 15 (ranging from 3 to 35), and

the median baseline ASPECT score was 9 (ranging from 3

to 10). The premorbid mRS was 0 in all except 1 (mRS 2)

patient. None of the patients had sICH or re-occlusion post-

procedure. Two patients underwent the high-resolution MR,

and irregular arteriosclerotic plaques of various thicknesses

were observed on volume isotropic turbo spin echo acquisition

images in these two cases. A good prognosis was observed

in three patients and a poor prognosis in three patients,

and one patient died because of a large infraction due to

poor collateral.

Radiological assessment, endovascular treatment, and

outcomes are shown in Table 1. Occlusions detected were as

follows: M1 segment of the middle cerebral artery (MCA)

in four patients, M2-MCA in one patient, an intracranial

segment of vertebral artery (VA) in one patient, and basilar

artery (BA) in one patient. The median puncture-to-reperfusion

time (PRT) was 51 (ranging from 35 to 57). A 0.060-inch

Catalyst (Boston, USA) aspiration catheter, Maverick balloon

(Boston, USA), and Syphonet (Achieva, China) retrieval stent

were adopted in all patients. All patients achieved eTICI

grade 3 reperfusion and FPE, none had distal emboli during

the procedure, and the residual stenosis rate ranged from 5

to 10%.
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FIGURE 1

Schematic diagram of the Balloon AngioplaSty with the dIstal protection of Stent retriever (BASIS) technique. Basilar artery ICAS-related

occlusion with thrombus formed distal to the stenotic site. (A) A microcatheter was navigated through the area of total occlusion to the distal

patent artery, microcatheter first pass e�ect was performed to ascertain ICAS-related occlusion; microwire was retrieved while microcatheter

stay at distal of occlusion site and retrieval stent, of which the diameter of wire was 0.014 inch, was deployed at the occlusion site, which fully

covered the lesion and thrombus. (B) Microcatheter was withdrawn while stent was in place. (C) A suitable balloon was advanced into the

stenotic site through wire of retrieval stent, and the stent was partially retrieved; then the balloon was inflated. (D) Aspiration catheter was

inserted through the stenotic site when the balloon was deflated. (E) The stent retriever was withdrawn under continuous manual negative

pressure exerted with a 50-ml locked syringe without changing the position of the aspiration catheter. (F) Continuous aspiration was performed

while totally withdrawing the stent retriever and there was blood flow from the aspiration catheter. (G) Stent retriever was redeployed at the

lesion site; then aspiration catheter was retrieved to the proximal site under continuous aspiration via 50-ml locked syringe. (H) Angiography

was performed to determine the stenosis grade and reperfusion grade. If a successful reperfusion grade could be maintained, the stent was

retrieved via a microcatheter and withdrawn, if successful reperfusion could not be achieved and/or residual stenosis was high, angioplasty via

balloon could be reperformed, in some clinical scenarios of stent implantation. ICAS, indicates intracranial atherosclerosis.

Discussion

Intracranial atherosclerosis is common in Asian countries

(18), so ICAS-related acute occlusion is also high in Asia.

Due to different stenosis grades, plaque characteristics,

thrombus compositions, and complex angioarchitectures, the

pathogenesis of stroke caused by ICAS is diverse, and EVT

for ICAS is complex. Thus far, the optimal EVT strategy

is uncertain. Recently, the “Stent-Pass-Aspiration-resCuE-

Micowire-Angioplasty (SPACEMAN)” technique was proposed

by the China Stroke Team for ICAS-related LVO (19). However,

neuro-interventionists may encounter some difficulties when

they adapt this technique. First, the aspiration catheter may

not totally penetrate the occlusion site because of the stenotic

site. Second, if the thrombus located at the distal end is not

completely cleared away, the thrombus may migrate into the

distal artery when the aspiration is retrieved.

The BASIS technique we propose can overcome the

difficulties encountered with SPACEMAN. First, the possibility

of aspiration catheters going through the occlusion site increases

after balloon angioplasty at the stenotic site. Second, the retrieval

stent is repositioned in the culprit artery, and the possibility of

migration of the thrombus at the lesion site decreases. Third,

this technique increases the safety of EVT for ICAS-related LVO.
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FIGURE 2

Illustrative case of BASIS technique. A 76-year-old male patient presented with dizziness for 5 h and sudden onset of unconsciousness and

quadriplegia for 3 h. The admission NIHSS score was 35, and the GCS score was 5. (A) Left vertebral angiogram showed proximal BA occlusion.

(B) Microcatheters and microwires completely passed through the occlusion site. Microcatheters were retrieved to the proximal segment of the

occlusion site while microwires were kept in place, and angiograms showed slow blood flow through the occlusion site, that is there is a

microcatheter first-pass e�ect phenomenon. (C) A Syphonet 4–30mm stent was unsheathed at the occlusion site while the distal stent was

placed at the SCA. (D) A Maverick 2.5/15mm balloon was advanced over the wire of the retrieval stent into the stenotic site and partially retrieve

the stent, then balloon angioplasty was performed. (E) The aspiration catheter was passed although the stenotic site after balloon angioplasty,

and then the stent was retrieved by manual operation with a 50-ml locked syringe. (F) The retrieval stent was redeployed at the lesion site while

the distal stent was placed at the posterior cerebarl artery (PCA). Then, the aspiration catheter was retrieved to the proximal stenotic site. An

angiogram showed moderate stenosis at the proximal site of the BA, and successful reperfusion was achieved. (G) Sheathing and withdrawal of

the retrieval stent and microwire were put through the lesion site. Twenty minutes later, a left vertebral angiogram showed that the stenosis was

stable, and successful reperfusion was maintained. (H) Postprocedure CTA showed moderate stenosis located proximal to the BA. NIHSS,

National Institutes of Health Stroke Scale; GCS, Glasgow coma scale; SCA, superior cerebellar artery; BA, basilar artery; CTA, CT angiography.

The whole EVT routine system will be more stable if the balloon

advances through the wire of the retrieval stent than if the system

involves the balloon advancing through a single microwire.

The possibility of vessel perforation caused by microwires may

increase (20).

There are some advantages of the BASIS technique in

treating ICAS-related LVO. First, emergent balloon angioplasty

and clot retrieval were performed simultaneously to decrease

procedure-related complications (11, 12) and time-saving.

Second, due to the special pathology of ICAS-related LVO,

emergent angioplasty via balloon and/or stent was needed

(21, 22). Therefore, the BASIS technique may increase the

rate of successful reperfusion. Third, the possibility of vessel

injury was reduced. Retrieval stent thrombectomy may cause

vessel injury, especially in ICAS cases (23–25). In the BASIS

technique, retrieval stent thrombectomy performed following

aspiration catheter totally penetrates the stenotic lesion after

balloon angioplasty. Such a procedure would minimize the

touch area of the stent and vessel, especially if they did not

touch the stenotic lesion, so it would minimize the possibility

of vessel injury. Fourth, it is time-saving. This technique would

minimize exchange passes, for example, if emergent angioplasty

via balloon or/and the stent is needed after one pass of

stent thrombectomy.

Some details should be noted in the BASIS technique.

First, the most suitable case is a large clot located distal

to the stenotic site, and the microcatheter first-pass effect

could help neuro-interventionists recognize such lesions (14).

Second, some specific characteristics of the device used in this

technique are needed. The intrinsic appeal of the device is the

compatibility between the stent and the balloon. The inner

diameter of most balloons used in neuro-disease is 0.0165 inch

or 0.017 inch (26), and the inner lumen of the balloon can

allow partially retrieve of the stent. Therefore, the maximum

diameter of the wire of the retrieval stent is 0.015 inch,

indicating, as best we know, a retrieval stent such as Trevo XP

(27) (StryKer), Syphonet (Achieva). Third, balloon angioplasty

should be done with caution if the stenotic lesion covers the

perforators of the penetrating artery, such as the lenticulostriate

artery or pontine perforating arteries. Emergent angioplasty may
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TABLE 1 Summary of patient characteristics and clinical and

radiological outcomes.

Item

Sex ratio (male/female) 4/3

Age (year), median (range) 76 (46–90)

Admission NIHSS, median (range) 15 (3–35)

Baseline ASPECT, median (range) 9 (5–10)

Risk factors, n (%)

HT 6 (85.7%)

DM 1 (14.3%)

IS 1 (14.3%)

AF 0 (0%)

Smoker 2 (28.6%)

Hyperlipidemia 2 (28.6%)

90 days mRS, n (%)

0–2 4 (57.1%)

3–5 2 (28.6%)

6 1 (14.3%)

sICH, n (%) 0

Culprit Artery, n (%)

M1-MCA 4 (57.1%)

M2-MCA 1 (14.3%)

BA 1 (14.3%)

VA intracranial 1 (14.3%)

PRT, min, median(range) 51 (35–57)

eTICI, n (%)

Grade 3 7 (100%)

Device used in procedure

Maverick Balloon 7 (100%)

Syphonet 4–30 Retrieval stent 7 (100%)

FPE, n (%) 7(100%)

RSR median (range) 5% (5–10%)

Procedure related complication, n (%)

Distal emboli, n (%) 0 (0%)

Arterial dissection, n (%) 0 (0%)

Reocclusion, n (%) 0

NIHSS, National Institutes of Health Stroke Scale; ASPECT, Alberta Stroke Program

Early CT Score; HT, hypertension; DM, diabetes mellitus; AF, arterial fibrillation;

IS, ischemic stroke; mRS, modified Rankin Scale; sICH, symptomatic intracranial

hemorrhage; MCA, middle cerebral artery; BA, basilar artery; VA, vertebral artery; eTICI,

extended thrombolysis in cerebral infarction; PRT, puncture-to-recanalization time; FPE,

first-pass effect; RSR, residual stenosis rate.

cause perforating artery occlusion due to plaque or thrombus.

Fourth, hyperperfusion may occur once stenosis of the culprit

artery is resolved (28). Therefore, we should give attention

to the phenomena that might suggest disruption of cerebral

autoregulation, such as the increased diameter of arterial

branches, prominent capillary blush and early draining veins

of the treated territories. If such angiographic characteristics

are detected, we should control blood pressure according to

middle cerebral artery mean flow velocity measurements by

transcranial Doppler (TCD) (29). Re-occlusion occurrence is

not rare in ICAS cases that achieve successful recanalization

after endovascular therapy, especially in cases with high residual

stenosis (30). Therefore, it would be better to face the risk of

hyperperfusion which clinicians may control by post-procedure

management than the risk of re-occlusion that may need

another EVT.

This study had some limitations. First, it was a single-

center study with relatively few study samples. However, our

study focuses on innovative endovascular strategies for treating

ICAS-related LVO. Also, due to few study samples and a 100%

technique success rate, we cannot find out the satiation that

the BASIS technique fails which needs a large and multi-center

study sample to test and modify this technique. Second, the

diagnosis of ICAS was not totally confirmed because it was in an

emergent setting. However, our study was performed in a high-

volume stroke center and had more than 500 thrombectomy

cases per year. The neuro-interventionists had enough clinical

experience to distinguish ICAS from embolic cases on the basis

of clinical presentation, the morphology of CTA and DSA,

and the microcatheter first-pass effect, and could ensure the

diagnostic accuracy of ICAS to the greatest extent. Retrieval

stents and balloons are highly selected in the BASIS technique,

and this may influence the generalization of this technique;

however, the situation may change as the neuro-intervention

device becomes highly developed, themanufacturer can produce

low-profile retrieval stent which is comparable to more delicate

microcatheter and which also allow balloon fully withdraw, also

we can produce balloon with a large inner core which can

withdraw now available retrieval stent or so on.

Conclusion

Our case series suggests that the BASIS technique for

treating acute ICAS-related LVO is technically feasible and

safe and may be associated with decreasing procedure-related

complications and time savings. This technique should be

considered in cases of acute ICAS-related LVO, especially in

cases with thrombi distal to the stenotic site. However, our

findings should be confirmed by future multicenter, large-

sample studies.
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Mild and moderate
cardioembolic stroke patients
may benefit more from direct
mechanical thrombectomy than
bridging therapy: A subgroup
analysis of a randomized clinical
trial (DIRECT-MT)

Jie Cao1†, Pengfei Xing2†, Xucheng Zhu1, Ronghua Chen1,

Huaming Shao1, Jinggang Xuan1, Tianwei Jiang1,

Pengfei Yang2, Yongwei Zhang3, Zifu Li2, Wenhuo Chen4,

Tianxiao Li5, Shouchun Wang6, Min Lou7*, Ya Peng1* and

Jianmin Liu2 for the DIRECT-MT Trial Investigators

1Department of Neurosurgery, The First People’s Hospital of Changzhou/The Third A�liated

Hospital of Soochow University, Changzhou, China, 2Department of Neurosurgery, Naval Medical

University Changhai Hospital, Shanghai, China, 3Department of Neurology, Naval Medical University

Changhai Hospital, Shanghai, China, 4Department of Neurology, Zhangzhou A�liated Hospital of

Fujian Medical University, Zhangzhou, China, 5Department of Radiology, Henan Provincial People’s

Hospital of Zhengzhou University, Zhengzhou, China, 6Department of Neurology, First A�liated

Hospital of Jilin University, Changchun, China, 7Department of Neurology, Second A�liated

Hospital of Zhejiang University, Hangzhou, China

Background: The benefit of intravenous alteplase before endovascular

thrombectomy is unclear in patients with acute cardioembolic stroke.

Methods: We collected cardioembolic (CE) stroke patient data from the

multicentre randomized clinical trial of Direct Intra-arterial Thrombectomy to

Revascularize Acute Ischaemic Stroke Patients with Large Vessel Occlusion

E�ciently in Chinese Tertiary Hospitals (DIRECT-MT). The primary outcome

was the 90-day modified Rankin Scale (mRS) score. Five subgroups

of cardioembolic stroke patients were analyzed. A multivariable ordinal

logistic regression analysis analyzed the di�erence in the primary outcome

between the direct mechanical thrombectomy (MT) and bridging therapy

groups. An interaction term was entered into the model to test for

subgroup interaction. The DIRECT-MT trial is registered with clinicaltrials.gov

Identifier: NCT03469206.

Results: A total of 290 CE stroke patients from the DIRECT-MT trial

were enrolled in this study: 146 patients in the direct MT group and

144 patients in the bridging therapy group. No di�erence between the

two treatment groups in the primary outcome was found (adjusted

common odds ratio, 1.218; 95% confidence interval, 0.806 to 1.841; P

= 0.34). In the subgroup analysis, CE stroke patients with an NIHSS

≤ 15 in the direct MT group were associated with better outcomes
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(47 vs. 53, acOR, 3.14 [1.497, 6.585]) and lower mortality (47 vs. 53, aOR, 0.16

[0.026, 0.986]) than those in the bridging therapy group, while there were no

significant di�erences between the two treatment groups in the outcome and

mortality of CE stroke patients with an NIHSS >15.

Conclusion: Mild and moderate cardioembolic stroke patients may benefit

more from direct mechanical thrombectomy than bridging therapy. This need

to be confirmed by further prospective studies in a larger number of patients.

KEYWORDS

cardioembolic stroke, direct mechanical thrombectomy, bridging therapy, mild and

moderate stroke, DIRECT-MT

Introduction

Mechanical thrombectomy (MT) combined with

intravenous thrombolysis (IVT) was confirmed to be superior

to IVT alone for acute ischaemic stroke (AIS) caused by

large vessel occlusion (LVO) in the anterior circulation

in five randomized trials in 2015 (1). Direct Intra-arterial

Thrombectomy to Revascularize Acute Ischaemic Stroke

Patients with Large Vessel Occlusion Efficiently in Chinese

Tertiary Hospitals: a Multicentre Randomized Clinical Trial

(DIRECT-MT) pointed out that the effect and safety of direct

MT was noninferior to bridging therapy for acute LVO patients

eligible for IVT (2).

Cardioembolic (CE) stroke accounts for almost 30% of

all ischaemic strokes (3), and the incidence is increasing (4).

Cardioembolic stroke is usually more destructive than the

nonembolic mechanisms of stroke, especially when considering

that CE LVO is more likely to cause greater cerebral ischaemia

(5). Approximately 50% of LVOs are caused by thrombi from

cardioembolic (CE) sources such as atrial fibrillation (6), and

the histopathologic composition of CE thrombi is different from

that of noncardioembolic (N-CE) thrombi (7). The efficacy of

endovascular treatment in CE LVO is higher than that in N-

CE LVO (6). Alteplase is more effective in CE than in N-CE

patients due to the clot composition and its dimensions (8).

Our previous subgroup analysis indicated that there were no

obvious differences in the modified Rankin Scale (mRS) score at

90 days and safety between the direct MT and bridging therapy

groups in the different stroke etiology (9). However, we have

not analyzed the effect of intravenous thrombolysis prior to

endovascular treatment in the different subgroups of CE LVO

in our main study.

In the DIRECT-MT trial, 44.2% of all enrolled patients were

identified as having cardioembolic LVO (44.6% in the direct

mechanical thrombectomy group and 43.8% in the bridging

therapy). This study provided an opportunity to explore the

benefit of intravenous alteplase before thrombectomy for the

different subgroups of cardioembolic stroke.

Methods

Study design and population

We performed a post hoc analysis of the DIRECT-MT

study. The data of patients with CE stroke were extracted

and analyzed in this study. Five subgroups were designed

according to the original DIRECT-MT study to estimate the

effect of treatment on CE stroke: age, the baseline NIHSS,

the time from onset of symptoms to randomization, the

occlusion location and the collateral grades (10). NIHSS

≤ 15 was defined as the mild to moderate AIS based

on Cincinnati Prehospital Stroke Severity Scale (CPSSS)

study while a severe stroke was defined as NIHSS >

15 (11).

Outcome

The primary outcome was the modified Rankin scale score

at 90 days (within a window of±14 days) (12).

The secondary outcomes were the following: the percentage

of patients with functional independence (mRS ≤ 2) and

a favorable outcome (mRS ≤ 3) at 90 days; the NIHSS

score at 24 h and at 5 to 7 days (or at discharge);

death within 90 days; the percentage of patients with

successful reperfusion before thrombectomy as assessed using

the extended thrombolysis in Cerebral Infarction (eTICI)

score on the first intracranial angiogram (13), an eTICI

score ≥ 2b on the final angiogram and recanalization at

24–72 h as assessed by CTA; and the final lesion volume

on CT.

The safety outcomes included the mortality at 90 days, the

percentage of patients with symptomatic and asymptomatic

intracranial hemorrhage according to the Heidelberg criteria

(14) and large or malignant MCA infarction, and the incidence

of dissection, embolization in new cerebrovascular territory and

contrast extravasation.
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Statistical analysis

The baseline data are presented with descriptive statistics as

appropriate. We used a multivariable ordinal logistic regression

analysis to calculate the adjusted common odds ratio (acOR) for

a shift in direction toward a better functional outcome on the

mRS for direct MT than for bridging therapy. This method was

also used for the subgroup analysis for the relationship between

the baseline variables and the primary outcome. The interaction

terms were entered into the models to test for interactions

between treatment and the baseline NIHSS subgroups (NIHSS≤

15 vs. NIHSS > 15 in primary, secondary and safety outcomes).

For the relationship between the baseline NIHSS and

secondary or safety outcomes, linear or logistic-regression

analyses were used, as appropriate, with the same adjustments

that were used for the primary outcome. We adjusted the acOR

and all secondary effect parameters for potential imbalances

in the major prespecified prognostic variables adapted from

the original DIRECT-MT trial protocol statistical analysis plan,

and these variables included age, the modified Rankin scale

score before stroke onset, cerebral collateral blood-flow status,

and the time from stroke onset to randomization. Analysis of

variance or the corresponding nonparametric test was used for

between-treatment allocation comparisons by each subgroup.

We analyzed the independent effect of the baseline NIHSS on

the functional outcome and mortality with multivariable ordinal

logistic regression analysis adjusted for the same prespecified

variables and treatment allocation.

The acORs with 95% CIs are reported. The binary outcomes

were analyzed with logistic regression and are presented as the

adjusted ORs with 95% CIs. The continuous outcomes were

analyzed with linear regression and are presented as the adjusted

β with 95% CIs.

All analyses were conducted using SAS version 9.2 (SAS

Institute). All p-values were two-sided, with a significance

defined as <0.05.

Role of the funding source

The trial was funded by the Stroke Prevention Project of

the National Health Commission of the People’s Republic of

China and the Wu Jieping Medical Foundation. This work was

partly supported by the Basic Research Project of the Changzhou

Science and Technology Bureau (No. CJ20200111).

Results

Patients and outcome of CE-LVOs

A total of 290 patients from the DIRECT-MT trial

were regarded as cardioembolic LVOs, 146 received direct

endovascular thrombectomy alone (direct MT group), and

144 underwent combination therapy with intravenous alteplase

and endovascular thrombectomy (bridging therapy group). The

baseline characteristics of the patients were similar in the two

groups (Supplementary Table S1). The distribution of mRS at

90 days in the two groups is shown in Figure 1. For CE-

LVOs, there was no obvious shift in the mRS distribution

in the two treatment groups (Supplementary Table S2). The

outcomes (Supplementary Table S2) between the two treatment

groups for CE-LVOs have been described in our previous

subgroup analysis.

Subgroup analyses for CE-LVOs

Five subgroups for CE-LVOs were created according to the

original DIRECT-MT study to explore the benefit of intravenous

alteplase before thrombectomy for the treatment of CE stroke.

The subgroup analyses are shown in Table 1. It was found

that the adjusted common odds ratio (acOR) in the baseline

NIHSS 2–15 group for functional independence at 90 days

was 2.609 (95% CI, 1.074 to 6.341; p = 0.034). There was no

heterogeneity of the treatment effect in the other subgroups, and

age, the time from onset of symptoms to randomization, the

occlusion location and the collateral grades were similar between

the groups.

The baseline NIHSS modifies the benefit
of direct mechanical thrombectomy
treatment in CE-LVO patients

In this subgroup analysis, the baseline characteristics of the

patients are shown in Supplementary Table S3. 100(34.5%) of

290 CE-LVOs patients had an NIHSS ≤ 15 (47[47.0%] in the

Direct MT group vs. 53[53.0%] in the Bridging Therapy group),

190 (65.5%) patients had an NIHSS > 15 (99[52.1%] in the

Direct MT group vs. 91[47.9%] in the Bridging Therapy group).

Patients with an NIHSS ≤ 15 had a higher median age, higher

rates of occlusion of the intracranial ICA and left hemisphere,

and higher levels of serum glucose. In the analysis of the NIHSS

≤ 15 group, no significant difference was found in the baseline

characteristics of the patients between the treatment groups

(Table 2).

The outcomes of the patients of the two NIHSS subgroups of

CE stroke are listed in Supplementary Table S4. For the primary

outcome, there was a significant shift in the mRS distribution

in the NIHSS ≤ 15 group between the two groups (acOR,

3.14 [1.497, 6.585]), while the mRS distribution was similar in

the NIHSS > 15 group (acOR, 0.765 [0.459 to 1.275]). The

interaction of the treatment-by-baseline NIHSS with the ordinal

mRS distribution was obvious (p= 0.003) (Table 3).
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FIGURE 1

The distribution of mRS at 90 days in the direct MT and bridging therapy groups when evaluating cardioembolic stroke patients.

For the secondary outcomes, the OR in the NIHSS ≤

15 CE-LVO group for functional independence (mRS 0–2)

at 90 days was 2.609 (95% CI, 1.074–6.341), while the aOR

in the NIHSS > 15 group was 1.045 (95% CI, 0.486–2.248),

and no significant treatment-by-baseline NIHSS interaction for

functional independence was observed (p = 0.074). There was

an obvious interaction between the treatment and the baseline

NIHSS for mRS 0–3 at 90 days (p = 0.008). The aOR was

5.495(95% CI, 1.855 to 16.274) in the NIHSS ≤ 15 patients,

and the aOR was 0.923 (95% CI, 0.49 to 1.738) in the NIHSS

> 15 group. No significant differences were found in the other

secondary outcomes in the NIHSS subgroup between the two

treatment groups (Table 3).

For the safety outcomes, the differences in mortality

between the Direct MT and bridging therapy groups was

significant in the NIHSS ≤ 15 CE-LVOs patients (aOR, 0.16

[0.026, 0.986]), while the mortality of the two groups with

NIHSS > 15 was similar (aOR, 1.706[0.861, 3.377]). The

interaction between the treatment and the baseline NIHSS

with the mortality was obvious (p = 0.022). There were no

obvious differences in symptomatic intracranial hemorrhage,

asymptomatic intracranial hemorrhage, large or malignant

MCA infarction or procedural complications in the NIHSS≤ 15

and NIHSS > 15 CE-LVO patients between the two treatment

groups (Table 3).

Moreover, we extracted some surgical data and found that

the first pass rate was higher in the direct MT group in the

NIHSS ≤ 15 CE-LVO patients (aOR, 3.465[1.419, 8.462]), while

the first pass rate was similar between the two treatment groups

with NIHSS > 15 (aOR, 0.741[0.407, 1.349]). The treatment-by-

baseline NIHSS interaction for the first pass rate was significant

(p = 0.005). There were no significant differences in the time

from groin puncture to revascularization or the total passes of

thrombectomy between the two treatment groups in the NIHSS

≤ 15 and NIHSS > 15 subgroups (Table 3).

Discussion

This subgroup analysis within the DIRECT-MT cohort

evaluated the effectiveness and safety of intravenous alteplase

before endovascular thrombectomy in acute cardioembolic

stroke patients. No statistically significant benefit was found in

the treatment of bridging therapy for CE-LVO stroke patients. In
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TABLE 1 Subgroup analysis of the two treatment groups for CE stroke.

Subgroups Direct

MT

Bridging

therapy

acOR (95% CI)

Age

18–60 years 15 14 2.003 (0.358,11.197)

60–80 years 102 101 1.519 (0.761,3.031)

≥80 years 29 29 3.591 (0.283,45.501)

Baseline NIHSS

≤15 47 53 2.609 (1.074,6.341)

>15 99 91 1.045 (0.486,2.248)

Time from onset of

symptoms to

randomization

≤171 76 72 1.633 (0.705,3.781)

>171 70 72 1.716 (0.745,3.952)

Occlusion location

ICA 59 46 1.414 (0.434,4.607)

M1 65 78 1.408 (0.660,3.002)

M2 19 18 2.754 (0.329,23.030)

Collateral grades

Grade 0–1 116 114 1.370 (0.697,2.692)

Grade 2–3 30 30 1.796 (0.572,5.639)

the treatment-by-subgroup analysis for CE-LVO stroke patients,

we found that age, the time from onset of symptoms to

randomization, the occlusion location and the collateral grades

did not affect the functional outcomes and safety of bridging

therapy. However, in the treatment-by-baseline NIHSS analysis,

it was found that patients with an NIHSS ≤ 15 in the direct MT

group had better outcomes and lower mortality rates, while the

efficacy and safety remained similar in the NIHSS> 15 CE-LVO

stroke patients. This finding was different from previous studies,

which indicated that LVO patients who underwent bridging

therapy had better functional outcomes and lowermortality than

patients who underwent direct MT treatment (15, 16).

Whether to initiate intravenous thrombolysis before

mechanical thrombectomy for acute LVO is still controversial.

It has been found that intravenous alteplase before MT can

increase the early reperfusion rate and improve functional

outcomes with the hypothesis that alteplase can reduce the

hardness of the thrombi and can dissolve them (17, 18).

On the other hand, intravenous alteplase was reported to

cause thrombus fragmentation, thrombus migration and

clot formation in new territories, which may lead to longer

recanalization times and lower full reperfusion rates (19). In

addition, intravenous alteplase may increase the incidence of

symptomatic ICH (20). Our study found that higher percentages

of sICH were more likely to occur in the patients treated with

bridging therapy than in the patients with direct MT (aOR,

TABLE 2 Baseline characteristics of the patients of the two treatment

groups of NIHSS ≤ 15 CE stroke.

Characteristic Direct MT

(n = 47)

Bridging

therapy

(n = 53)

p

Age, y, median (IQR) 73 (65, 76) 71 (66, 75) 0.361

Male sex, n (%) 24 (51.06) 24 (45.28) 0.564

NIHSS, median (IQR) 12 (10, 14) 13 (11, 14) 0.095

Systolic BP, mmHg, median (IQR) 142 (131, 158) 142 (134, 158) 0.774

Diastolic BP, mmHg, median (IQR) 84 (74, 101) 87 (78,98) 0.78

Serum glucose, mmol/liter, median

(IQR)

6.7 (5.8, 8.1) 6.6 (5.7, 7.7) 0.689

Medical history, n (%)

Previous ischemic stroke 9 (19.1) 4 (7.6) 0.085

Atrial fibrillation 47 (100) 52 (98.1) 1

Hypertension 28 (59.6) 35 (66.0) 0.504

Diabetes Mellitus 8 (17.0) 9 (17.0) 0.996

Location of intracranial artery

occlusion, no./total no. (%)

Intracranial ICA 12/46 (26.1) 12/52 (23.1) 0.422

M1 27/46 (58.7) 36/52 (69.2)

M2 7/46 (15.2) 4/52 (7.7)

Hemisphere CTA, n (%)

Left 35 (74.5) 39(73.6) 0.92

Right 12 (25.5) 14(26.4)

Reperfusion before intervention

(eTICI) DSA, no./total no. (%)

0 38/45 (86.4) 40/51 (78.4) 0.215

1 0 (0) 1/51 (2.0)

2a 6/45 (13.6) 6/51 (11.8)

2b 0 (0) 2/51 (3.9)

2c/3 0 (0) 2/51 (3.9)

ASPECTS, median (IQR) 9 (8, 10) 9 (7, 10) 0.206

Median duration (IQR), min

Time from stroke onset to

admission

106.5 (59, 155) 120 (83, 160) 0.377

Time from stroke onset to

randomization

175 (118, 206) 175 (130, 211) 0.809

Time from stroke onset to IVT NA 183.5 (139, 224) NA

Time from stroke onset to

groin puncture

202 (155, 260) 210 (172, 252) 0.759

From hospital admission to

IVT

NA 64 (49, 79) 0.198

From hospital admission to

groin puncture

87 (76, 108) 88 (74, 119) 0.811

From groin puncture to

revascularization

61.5 (47.5, 100) 53.5 (42, 79.5) 0.169

From hospital admission to

revascularization

152 (135, 203) 151 (122, 171) 0.191
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TABLE 3 Treatment e�ect by NIHSS in CE stroke.

Outcome Measure

of effect

Adjusted value (95% CI) P-interaction

NIHSS≤ 15

(n = 100)

NIHSS > 15

(n = 190)

Primary outcome

mRS at 90 days acOR 3.14 (1.497,6.585) 0.765 (0.459,1.275) 0.003

Secondary outcomes

Functional independence (mRS 0–2)at 90 days OR 2.609 (1.074,6.341) 1.045 (0.486,2.248) 0.074

mRS (mRS 0–3) at 90 days OR 5.495 (1.855,16.274) 0.923 (0.49,1.738) 0.008

NIHSS after 24 h β −0.891 (−4.394, 2.613) −0.61 (−3.735, 2.514) 0.910

NIHSS at 5–7 days or discharge β −2.904 (−6.865, 1.057) −0.977 (−4.838, 2.884) 0.517

Imaging outcomes OR

Successful reperfusion before thrombectomy,

as assessed on initial DSA

OR NA 0.146 (0.009,2.253) 0.910

eTICI score of 2b, 2c, or 3,

as assessed on final angiogram

OR 1.064 (0.32,3.533) 0.803 (0.374,1.721) 0.780

Recanalization at 24–72 h,

as assessed on CTA

OR 0.892 (0.192,4.138) 0.384 (0.09,1.633) 0.379

Median lesion volume on CT β −12.618 (-36.746,11.51) 10.488 (-16.614,37.591) 0.173

Safety outcomes

Mortality at 90 days

OR 0.16 (0.026, 0.986) 1.706 (0.861,3.377) 0.022

Serious adverse events

Symptomatic intracranial hemorrhage OR NA 0.537 (0.167,1.726) 0.914

Asymptomatic intracranial hemorrhage OR 0.559 (0.224,1.397) 0.745 (0.41,1.353) 0.608

Large or malignant MCA infarction OR 0.614 (0.08,4.69) 1.456 (0.662,3.204) 0.450

Procedural complication(s)

Dissection OR NA 0.979 (0.131,7.312) 0.900

Embolization in new territory OR 1.196 (0.213,6.721) 1.198 (0.517,2.776) 0.837

Contrast extravasation OR NA 0.935 (0.18,4.847) 0.897

Operation data

From groin puncture to revascularization β −12.618 (−36.746,11.51) 8.436(−6.771,23.643) 0.303

Total passes of thrombetomy β −12.618 (−36.746,11.51) 0.455 (−0.002, 0.912) 0.844

First pass rate OR 3.465 (1.419,8.462) 0.741 (0.407,1.349) 0.005

0.37 [0.125, 1.089]; p = 0.071). However, no significant

differences were found in the patient functional outcome, final

recanalization rate or the development of an embolism in new

territory between the direct MT and bridging groups.

In our study, a better functional outcome and a lower

mortality rate were observed in the CE-LVO patients with an

NIHSS ≤ 15 in the direct MT group, while no difference in

the functional outcome and mortality was found in the CE-

LVO patients with an NIHSS > 15. Furthermore, a higher

first-pass reperfusion rate was achieved in CE-LVO patients

with an NIHSS ≤ 15 in the direct MT group, while there was

no difference between the two treatment groups in the first-

pass reperfusion rate in CE-LVO patients with an NIHSS >

15. As Zaidat et al. (21) reported, first-pass reperfusion was

associated with higher rates of a better functional outcome and

a lower mortality rate. This interaction was also found in the

ETIS (endovascular treatment in ischaemic stroke) study (22)

and was identified by Nikoubashman et al. (23). Therefore, we

boldly inferred that first-pass reperfusion was the main cause

for the difference in the effectiveness and safety between the

two treatment groups in CE-LVO patients with NIHSS ≤ 15,

while there were no differences in the other factors. On the one

hand, first-pass reperfusion can reduce the time from onset to

recanalization and limit the expansion of the infarct core volume

(24). On the other hand, repeated mechanical thrombectomy

would cause more injury to the vascular endothelium, which

potentially has a negative impact on the efficacy and safety

(25, 26). In addition, Chueh et al. (27) reported that thousands

of tiny thrombus fragments were caused by any mechanical

thrombectomy, and these tiny thrombus fragments could escape

to small arterioles and capillaries and occlude them. These

tiny thrombus fragments cannot be seen on digital subtraction
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angiography and magnetic resonance imaging, but they could

lead to new small embolic infarctions and modify the clinical

outcome (28). Moreover, as previous studies have described, the

predictors of first-pass reperfusion included age, the occlusion

sites, the combined first-line device strategy and so on. However,

differences in these factors were not found in the two treatment

groups in the CE-LVO patients with an NIHSS ≤ 15 in our

study. A possible explanation could be that alteplase works better

in medium vessel occlusions (29) or cardioembolic thrombi

(8). In our study, more MCA occlusion occurred in the CE-

LVO patients with an NIHSS ≤ 15 than in those with an

NIHSS > 15. However, a very low percentage of patients

were infused with a full dose of alteplase before MT (2). We

hypothesized that inadequate alteplase before MT would not

only reduce the effect of intravenous thrombolysis but would

also destroy the stability of the thrombus (30). The decrease

in thrombus stability will increase the incidence of thrombus

fragmentation and subsequent distal embolism (31, 32), further

reducing the rate of successful reperfusion after the first

pass and complete recanalization. A higher first-pass rate and

complete recanalization were associated with better neurologic

outcomes (21, 33). Although there was no difference in the final

complete recanalization between the two treatments, thrombus

fragmentation and small distal emboli may be important factors

affecting the clinical outcome (28).

This study has some limitations. One limitation is the small

sample size. In the DIRECT-MT study, approximately 45%

of strokes were caused by cardioembolism, and patients with

an NIHSS < 15 accounted for only approximately one-third

of the CE stroke patients, with ∼50 patients per treatment

group. And although the overall proportion of the site of the

occlusion is not different, there were M2 patients of NIHSS

≤ 15 in the direct MT group which are more prone to

be recanalized by IVT and associated with better prognosis.

Second, almost all cardiogenic strokes (99%) are caused by

atrial fibrillation, which is a relatively higher proportion than

the real world. Previous studies have indicated that IVT for

stroke patients with AF provided no benefit and potentially

increased the risk of intracerebral hemorrhage and mortality

(34). This may partially explain our results. In addition to atrial

fibrillation, cardiogenic stroke can have many other causes,

including foramen ovale, aortic arch atheroma, prosthetic heart

valves and others (4). These patients were found to have an

undetermined cause of stroke in the DIRECT-MT study through

multimodal long-term vascular and cardiac examinations (35),

although the thrombus composition could be similar to CE

stroke (7). We might be able to generate more widely applicable

theories when that data is available. In addition, the infusion

of alteplase was completed before MT in only 4 of 53

patients of NIHSS ≤ 15 in the bridging group. DIRECT-

MT study included no transit patients. The patients were all

randomized at the main center. If the patient was randomly

assigned to the bridging group, start using rt-PA and enter

the operating room at the same time for thrombectomy. This

may reduce the effect of alteplase and influence the results of

this study.

In conclusion, thrombectomy alone might be a more

reasonable choice for mild and moderate cardioembolic stroke

patients. This need to be confirmed by further prospective

studies in a larger number of patients.
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randomized controlled trial
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Liyong Zhang4, Jianfeng Chu5, Dong Kuai6, Zhen Chen7,

Wei Wu8, Yun Xu9, Yong Zhang10, Bin Zhou11, Yu Geng12,

Congguo Yin13, Jiang Li14, Ming Wang15, Naichi Zhai16,

Xiaoxiang Peng17, Zhong Ji18, Yaping Xiao19, Xingen Zhu20,

Xueli Cai21, Lei Zhang1, Bo Hong22, Pengfei Xing1,

Hongjian Shen1, Yongwei Zhang1, Minghua Li23,

Meixia Shang24, Jianmin Liu1* and Pengfei Yang1*
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5Department of Neurology, The First People’s Hospital of Jining City, Jining, China, 6Department of

Neurosurgery, Shanxi Provincial Cardiovascular Hospital, Taiyuan, China, 7Department of

Neurointervention, The First A�liated Hospital of Zhengzhou University, Zhengzhou, China,
8Department of Neurology, Qilu Hospital of Shandong University, Jinan, China, 9Department of

Neurology, Nanjing Gulou Hospital, Nanjing, China, 10Department of Neurology, The A�liated

Hospital of Qingdao University, Qingdao, China, 11Department of Neurointervention,

Cerebrovascular Disease Center, The Fifth A�liated Hospital of Sun Yat-sen University, Zhuhai,

China, 12Department of Neurology, Zhejiang Provincial People’s Hospital, Hangzhou, China,
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23Institute of Diagnostic and Interventional Neuroradiology, Shanghai Jiao Tong University A�liated
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Hospital, Beijing, China

Objective: The Neurohawk retriever is a new fully radiopaque retriever. A

randomized controlled non-inferiority trial was conducted to compare the

Neurohawk and the Solitaire FR in terms of safety and e�cacy. In order to

evaluate the e�cacy and safety of endovascular treatment in acute ischemic

stroke (AIS) caused by intracranial atherosclerotic disease (ICAD) larger vessel

occlusion (LVO), a sub-analysis was performed.

Methods: Acute ischemic stroke patients aged 18–80 years with LVO in

the anterior circulation were randomly assigned to undergo thrombectomy

with either the Neurohawk or the Solitaire FR. The primary e�cacy endpoint

was successful reperfusion (mTICI 2b-3) rate by the allocated retriever. A

relevant non-inferioritymarginwas 12.5%. Safety outcomeswere symptomatic

intracranial hemorrhage (sICH) and all-cause mortality within 90 days.

Secondary endpoints included first-pass e�ect (FPE), modified FPE, and
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favorable outcomes at 90 days. In subgroup analysis, the patients were divided

into the ICAD group and non-ICAD group according to etiology, and baseline

characteristics, angiographic, and clinical outcomes were compared.

Results: A total of 232 patients were involved in this analysis (115 patients in

the Neurohawk group and 117 in the Solitaire group). The rates of successful

reperfusion with the allocated retriever were 88.70% in the Neurohawk group

and 90.60% in the Solitaire group (95%CI of the di�erence, −9.74% to 5.94%; p

= 0.867). There were similar results in FPE and mFPE in both groups. The rate

of sICH seemed higher in the Solitaire group (13.16% vs. 7.02%, p = 0.124).

All-cause mortality and favorable outcome rates were comparable as well.

In subgroup analysis, 58 patients were assigned to the ICAD group and the

remaining 174 to the non-ICAD group. The final successful reperfusion and

favorable outcome rates showed no statistically significant di�erences in two

groups. Mortality within 90 days was relatively lower in the ICAD group (6.90%

vs. 17.24%; p = 0.054).

Conclusion: The Neurohawk retriever is non-inferior to the Solitaire FR in the

mechanical thrombectomy of large vessel occlusion-acute ischemic stroke

(LVO-AIS). The sub-analysis suggested that endovascular treatment including

thrombectomy with the retriever and essential rescue angioplasty is e�ective

and safe in AIS patients with intracranial atherosclerotic disease-larger vessel

occlusion (ICAD-LVO).

Clinical trial registration: https://clinicaltrials.gov/ct2/show/NCT04995757,

number: NCT04995757.

KEYWORDS

acute ischemic stroke, endovascular treatment, new fully radiopaque retriever,

intracranial atherosclerotic disease, a randomized controlled trial

Introduction

Mechanical thrombectomy has become the standard of

care for large vessel occlusion-acute ischemic stroke (LVO-

AIS) since the five landmark trials were published (1–6). The

high reperfusion rates and short procedure shown in these

trials were driven by the use of stent-like retrievers. The

Solitaire FR (Medtronic Inc., California, USA) has been one

of the most frequently used retrievers (7, 8). However, various

novel thrombectomy devices with improved visibility have

been developed and tested. Although the physical properties of

different novel thrombectomy devices have been investigated

in vitro, the efficacy and safety of any device should also be

demonstrated in clinical trials.

The Neurohawk (MicroPort NeuroTech Company,

Shanghai, China) is a stent-like retriever with the closed-cell

design. There are three radiopaque marks at the distal end of the

retriever. In addition, three radiopaque wires twined around the

entire struts of the retriever make it a fully radiopaque device,

which allow the physician to visualize the overall placement

of the retriever and the combination with thrombus. The

useable section of the Neurohawk retriever is composed of

large cells and small cells. The large cells is nearly twice as

large as the small cells, which is dedicated to catching hard and

large-sized thrombus, while the small cells is more conducive

to embedding soft and small thrombus (Figure 1). This multi-

center randomized controlled trial was designed and carried out

FIGURE 1

There are three radiopaque marks at the distal end of the

Neurohawk retriever. And three radiopaque wires twined around

the entire struts. The useable section of the Neurohawk retriever

is composed of large cells (blue area) and small cells (red area).

Frontiers inNeurology 02 frontiersin.org

40

https://doi.org/10.3389/fneur.2022.962987
https://clinicaltrials.gov/ct2/show/NCT04995757
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org


Zhang et al. 10.3389/fneur.2022.962987

to assess the efficacy and safety of this new device comparatively

with the Solitaire FR.

As the etiologies of large vessel occlusion were different

among ethnic groups, intracranial atherosclerotic disease-larger

vessel occlusion (ICAD-LVO) account for a large proportion

of patients with acute ischemic stroke (AIS) among Asians. It

remains uncertain whether patients with acute ICAD-related

occlusion can benefit from mechanical thrombectomy as those

with embolism do. Prospective comparative data focusing

on efficacy and safety of mechanical thrombectomy between

patients with ICAD and those with non-ICAD are scarce.

Therefore, a subgroup comparative analysis was conducted.

Methods

Study design and patients

This study was a prospective, multicenter, single-blind,

randomized, controlled, non-inferiority clinical trial comparing

the safety and effectiveness of patients with LVO-AIS treated

with either the Neurohawk or the Solitaire FR. The clinical trial

followed the principles of law and science, and was approved

by the ethics committee at each participating site. This trial

planned to enroll 238 patients in 21 tertiary care centers, which

were each required to have performed at least 30 endovascular

thrombectomy procedures during the previous year.

All patients or their legally authorized representatives

provided written informed consent before enrollment. Inclusion

criteria were: (1) 18–80 years of age; (2) AIS secondary to

internal carotid artery (ICA) or middle cerebral artery (MCA)

(M1 or M2) occlusion; (3) ability to undergo puncture within

6 h of symptom onset. Key exclusion criteria were: (1) a pre-

stroke modified Rankin Scale (mRS) score (9) ≥2; (2) a baseline

National Institutes of Health Stroke Scale (NIHSS) score <2

or >25; (3) massive cerebral infarction defined as an Alberta

Stroke Program Early CT Score (ASPECTS) (10) <6 or >1/3

of blood supplying areas on CT/diffusion weighted imaging; (4)

concomitant use of oral anticoagulation drugs and INR >3.0, or

a platelet count <30 ∗ 109 /L (11).

Procedures

According to guidelines, intravenous thrombolysis

was administered before mechanical thrombectomy in all

eligible patients (12). Depending on the patient’s condition,

procedures were performed with the patient under local

anesthesia, conscious sedation or general anesthesia. The

choice of the thrombectomy device was made according to

random allocation, which was performed utilizing a 1:1 ratio.

Randomization was accomplished by employing a Web-based

system with stratification according to each participating site,

occlusion segment of artery and the NIHSS. Treatment-group

assignment was known to the operating physicians but blinded

to the patients. The instructions of the Neurohawk were

very similar to those of the Solitaire FR. Due to the presence

of the fully radiopaque, the push-and-fluff technique (13),

which may lead to better device opening with optimized wall

apposition, could be used in the Neurohawk group. Stent

retriever combined with aspiration catheter was allowed in both

arms. Other retrievers, such as the Trevo (Stryker, Kalamazoo,

MI, USA) or other techniques were allowed as salvage measures

after unsuccessful recanalization with the Neurohawk or the

Solitaire FR. The etiology of occlusion was assessed based on the

medical history, risk factors, and angiographic characteristics.

For patients with an underlying intracranial stenosis, repeated

angiography was performed to exclude potential vasospasm or

dissection after the first recanalization. Once atherosclerosis

related occlusion was identified, salvage measures, including

administration of tirofiban (glycoprotein IIb/IIIa inhibitor)

or balloon (Gateway, Boston Scientific, Natick, MA, USA)

angioplasty and/or placement of a permanent stent (Enterprise,

Johnson and Johnson, Raynham, MA, USA; Wingspan, Stryker,

Kalamazoo, MI, United States) or an Apollo balloon mounted

stent (MicroPort, Shanghai, China), were allowed (14). Daily

oral dual antiplatelet therapy with 100mg of aspirin and 75mg

of clopidogrel was started post-procedure and continued for 3

months, followed by life-long 100 mg aspirin.

Outcomes

The primary efficacy endpoint was successful reperfusion

rate by the allocated retriever, defined as the percentage of

patients achieving modified thrombolysis in cerebral infarction

(mTICI) 2b or 3 (15). Secondary endpoints included first-

pass effect (FPE, defined as achieving mTICI 3 with a single

pass), modified FPE (defined as achieving mTICI 3/2b with

a single pass) (16–18), the time from groin puncture to

reperfusion, NIHSS at 30 ± 6 h, and favorable clinical outcome

(defined as a mRS of 0–2 at 90 ± 14 days). The mRS at

90 days was determined by outpatient follow-up or telephone

interview conducted by independent physicians unaware of

treatment-group assignment in each center. Safety endpoint

measurements were the rate of symptomatic intracranial

hemorrhage (sICH) within 30 ± 6 h after intervention, all-

cause mortality within 90 days, and all-cause adverse events

within 90 days. The sICH was defined as any ICH identified

by CT scan combined with a four-point increase in NIHSS or

death. Images of the procedure were read by two independent

neuroradiologists from the core lab, with consensus required

in case of discrepancy. In subgroup analysis, the patients were

divided into the ICAD and non-ICAD groups according to

the Trial of ORG 10172 in Acute Stroke Treatment (TOAST)

classification (19). Baseline characteristics, treatments, and
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FIGURE 2

Randomization and treatment of the patients.

angiographic and clinical outcomes were also compared between

the two groups.

Statistical analysis

The primary study hypothesis was that the successful

reperfusion rate of the Neurohawk would be non-inferior to

that of the Solitaire FR, with a relevant non-inferiority margin

of 12.5%. The non-inferiority margin was calculated by using

a two-step method based on the clinical practical significance

according to the “Guidelines for the Design of Clinical Trials of

Medical Devices” by National Medical Products Administration.

All statistical analyses followed the intention-to-treat principle.

Baseline data are presented as descriptive statistics according

to treatment assignment. The non-inferiority test was based

on the asymptotic Z-test. Two-sided 95% confidence intervals

(CIs) of the differences in the rate of successful reperfusion

between the groups were estimated by the Cochran–Mantel–

Haenszel chi-squared test with adjusting centers. Statistical tests

for continuous variables used Student’s t-test or the Wilcoxon

Mann-Whitney rank-sum test, and categorical variables were

tested using the chi-squared test or Fisher’s exact test. All

statistical tests were two-tailed with a significance level of

0.05, using the SAS software, version 9.4 (SAS Institute, Cary,

North Carolina).

Results

A total of 239 patients were enrolled in this trial. A study

flow diagram and protocol deviation details are shown in

Figure 2. One patient had thrombus dissolution before the

retriever reached the target vessel; two patients had chronic

occlusion, and one showed aggravating heart failure after general

anesthesia. One patient had ICA dissection and two cases had

multiple cerebral artery occlusions, which did not align with

the inclusion criteria. A total of 115 patients were treated with

the Neurohawk, while 117 underwent thrombectomy with the

Solitaire FR. Digital subtraction angiographic (DSA) imaging

data were missing for one patient in each group. Five patients

(two in the Neurohawk group and three in the Solitaire group)

were lost to follow-up for mRS assessment at 90 days.

The patient baseline characteristics were similar in both

treatment groups, and are detailed in Table 1. The median

patient age was 66.6 years. A total of 95 patients had a history

of atrial fibrillation and 149 patients had hypertension. Median

NIHSS scores were 16 in the Neurohawk group and 17 in the

Solitaire group. Themedian ASPECTSwas 8. Themost common

target vessels were the MCA M1 (117 cases), the ICA (87 cases),

and the MCAM2 (26 cases).

Procedural results and outcomes are shown in Table 2. In

92 patients, bridging intravenous fibrinolysis was administrated.

General anesthesia was performed in 40.87% of the Neurohawk

group and 33.33% of the Solitaire group. There were no

differences in bridging therapy and anesthesia method between

the two groups. In all 115 patients of the Neurohawk group, the

Neurohawk was used as the single retriever with no rescuing

needed using other retrievers. The use of a retriever combined

with aspiration was similar between the two groups. However,

more balloon guide catheters were used in the Solitaire group

(p= 0.038).

The rates of successful reperfusion with the assigned

retriever were 88.70% in the Neurohawk group and 90.60%

in the Solitaire group (95%CI of difference, −9.74% to 5.94%;

p = 0.867). And the median times of pass were two in

both group. First-pass complete reperfusion (mTICI 3) was

achieved in 61/232 (26.96% vs. 25.64%) and first-pass successful

reperfusion (mTICI 3/2b) was achieved in 93/232 (42.61% vs.

37.61%). There were similar FPE andmFPE rates in both groups.
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TABLE 1 Baseline characteristics of the 232 patients.

Characteristic Neurohawk

group

Solitaire

group

P

(n = 115) (n = 117)

Age (year), median (IQR) 66.5 (57.3, 73.1) 66.6 (58.1, 70.9) 0.654

Male sex, no. (%) 73 (63.48%) 77 (65.81%) 0.710

BMI, mean± sd 24.7± 3.7 24.5± 3.2 0.754

Medical history, no. (%)a

Previous ischemic stroke 20 (18.20%) 19 (17.00%) 0.959

History of atrial fibrillation 47 (42.73%) 48 (42.86%) 1.000

History of diabetes mellitus 23 (20.91%) 19 (16.96%) 0.453

History of hypertension 77 (70.00%) 72 (64.29%) 0.365

Pre-stroke mRS 1, no. (%) 8 (6.96%) 13 (11.11%) 0.361

NIHSS, median (IQR) 16.0 (13.0, 21.0) 17.0 (13.0, 21.0) 0.853

ASPECTS, median (IQR)b 8.0 (7.0, 10.0) 8.0 (7.0, 10.0) 0.311

Time from stroke onset to groin

puncture, min, median (IQR)

268.2 (202.2,

319.8)

255.0 (198.0,

315.0)

0.682

Cause of stroke, no. (%)

Cardioembolism 56 (48.70%) 58 (49.57%) 0.335

ICAD 33 (28.70%) 25 (21.37%)

Undetermined 26 (22.61%) 34 (29.06%)

Cerebral arterial occlusion,

no. (%)c

ICA 40 (35.09%) 47 (40.52%) 0.684

MCAM1 segment 61 (53.51%) 56 (48.28%)

MCAM2 segment 13 (11.40%) 13 (11.20%)

Pre-procedure mTICI, no. (%)c

0 96 (84.21%) 100 (86.21%) 0.678

1 14 (12.28%) 10 (8.62%)

2a 3 (2.63%) 3 (2.59%)

2b 1 (0.88%) 3 (2.59%)

3 0 (0.00%) 0 (0.00%)

aData on the medical history were not available for five patients in each group.
bASPECTS were not available for two patients in the Neurohawk group.
cData on the arterial occlusion and pre-procedure mTICI were not available for one

patient in each group duo to missing of DSA imaging.

Angioplasty with balloon and/or stent use was performed as

a remedial measure to maintain a stable flow in 27 patients

of the Neurohawk group and 24 of the Solitaire group (p

= 0.586). Median time from groin puncture to successful

reperfusion was similar in both treatment groups (p = 0.772).

Finally, similar proportions of patients in the Neurohawk and

Solitaire groups achieved successful reperfusion (90.43% vs.

91.45%, respectively).

Regarding the major safety outcomes, the rate of sICH

within 36 h seemed higher in the Solitaire group (13.16% vs.

7.02%, respectively), but the difference was not statistically

significant (p = 0.124). All-cause mortality rates within 90 days

were 12.17% in theNeurohawk group and 17.09% in the Solitaire

group, with no significant difference (p = 0.289). There were

TABLE 2 Procedural and outcomes data.

Neurohawk

group

Solitaire

group

P

(n = 115) (n = 117)

Bridging intravenous

fibrinolysis, no. (%)

40 (34.78%) 52 (44.44%) 0.133

General anesthesia, no. (%) 47 (40.87%) 39 (33.33%) 0.477

Number of passes by retriever,

median (IQR)

2.0 (1.0–3.0) 2.0 (1.0–3.0) 0.777

Use of balloon guide catheter 10 (8.70%) 21 (17.95%) 0.038

Retriever combined with

aspiration, no. (%)

81 (70.43%) 82 (70.09%) 0.954

Balloon and/or stent

angioplasty, no. (%)

27 (23.48%) 24 (20.51%) 0.586

Primary outcome:

Successful reperfusion,

no. (%)a

102 (88.70%) 106 (90.60%) 0.867

Major safety outcomes:

Symptomatic Intracranial

hemorrhage within 36 h,

no. (%)b

8 (7.02%) 15 (13.16%) 0.124

Death within 90 days, no. (%) 14 (12.17%) 20 (17.09%) 0.289

Secondary outcomes:

mTICI 3 with a first pass, no.

(%)a

31 (26.96%) 30 (25.64%) 0.820

mTICI 2b/3 with a first pass,

no. (%)a

49 (42.61%) 44 (37.61%) 0.437

Time from groin puncture to

successful reperfusion, min,

median (IQR)

58.8 (36.0,

85.2)

52.8 (39.0,

82.8)

0.772

NIHSS at 30 h, median (IQR) 11.0 (5.0,

20.0)

12.0 (5.0,

23.0)

0.316

mRS 0–2 at 90 days, no. (%)c 65 (57.52%) 67 (58.77%) 0.849

Final mTICI, no. (%)a

0 7 (6.09%) 3 (2.56%) 0.401

1 0 (0.00%) 2 (1.71%)

2a 4 (3.48%) 5 (4.27%)

2b 38 (33.04%) 43 (36.75%)

3 66 (57.39%) 64 (54.71%)

aDSA imaging data were lost for one patient in each group, the core lab could not evaluate

the procedural details, and the mTICI score of patient whose DSA imaging data lost was

filled with the worst value—mTICI 0.
bData on the symptomatic intracranial hemorrhage within 36 h were missing for four

patients (one in the Neurohawk group and three in the Solitaire group).
cData on mRS at 90 days were missing for five patients (two in the Neurohawk group and

three in the Solitaire group).

no significant differences between the two groups in terms of

NIHSS at 30 h and favorable outcome (mRS 0–2) at 90 days.

According to the etiology of occlusion, 58 patients were

assigned to the ICAD group and the remaining 174 patients

to the non-ICAD group. In subgroup analysis, baseline,
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TABLE 3 Baseline, clinical, and angiographic results in subgroup

analysis.

ICAD

group

Non-ICAD

group

P

(n = 58) (n = 174)

Age (year), median (IQR) 63.6 (53.3, 69.9) 67.4 (59.5, 72.5) 0.021

Male sex, no. (%) 43 (74.14%) 107 (61.49%) 0.081

NIHSS, median (IQR) 15.0 (11.0, 19.0) 18.0 (14.0, 21.0) 0.002

ASPECTS, median (IQR) 8.0 (8.0, 10.0) 8.0 (7.0, 10.0) 0.521

Time from stroke onset to

groin puncture (min), median

(IQR)

282.6 (214.8,

334.8)

255 (195, 310.2) 0.024

Bridging intravenous

fibrinolysis, no. (%)

26 (44.83%) 66 (37.93%) 0.352

Cerebral arterial occlusion,

no. (%)§

ICA 19 (32.76%) 68 (39.54%) 0.022

MCAM1 segment 37 (63.79%) 80 (46.51%)

MCAM2 segment 2 (3.45%) 24 (13.95%)

Use of balloon guide catheter 1 (1.72%) 30 (17.24%) 0.003

Rescue measures, no. (%)

Single balloon angioplasty 13 (22.41%) 0 (0.00%)

Single stenting 11 (18.97%) 5 (2.87%) <0.001

Balloon and stent

angioplasty

22 (37.93%) 0 (0.00%)

Final successful reperfusion,

n. (%)a

55 (94.83%) 156 (90.70%) 0.476

Symptomatic Intracranial

hemorrhage within 36 h, no.

(%)b

4 (6.90%) 19 (11.18%) 0.350

Time from groin puncture to

successful reperfusion, min,

median (IQR)

67.2 (46.2, 90.0) 52.8 (35.4, 76.8) 0.004

mRS 0–2 at 90 days, no. (%)c 37 (64.91%) 95 (55.88%) 0.232

Death within 90 days, no. (%) 4 (6.90%) 30 (17.24%) 0.054

aDSA imaging data were lost for two patient in the non-ICAD group, and in sub-analysis,

the lost mTICI score wasn’t filled with the worst value.
bData on the symptomatic intracranial hemorrhage within 36 h were missing for four

patients in the Non-ICAD group.
cData on mRS at 90 days were missing for one patient in the ICAD group and four

patients in the non-ICAD group.

Bold values of P indicate a statistically significant difference.

clinical, and angiographic data between these two groups

were compared, and are summarized in Table 3. Compared

with the non-ICAD group, individuals with ICAD-LVO had

younger age, lower initial NIHSS, and longer time from onset

to puncture. Besides, MCA M1 occlusion was more frequent

among the patients with ICAD. In terms of treatment method,

the proportions of bridging intravenous fibrinolysis were similar

in both groups. However, the use of a balloon guide catheter

was more preferred in the non-ICAD group (1.72% vs. 17.24%,

p = 0.003). To maintain a stable flow, 79.31% of patients with

ICAD-LVO needed rescue measures. Time from groin puncture

to successful reperfusion was longer in the ICAD-LVO group

(p = 0.004). However, there was no statistically significant

difference in successful reperfusion rate between the two groups.

In the ICAD group, the successful reperfusion rates were 96.97%

in Neurohawk group and 92.0% in Solitaire group (p = 0.804).

The ICAD group seemed to have a lower frequency of sICH,

but without statistical significance. Althoughmortality within 90

days was relatively lower in the ICAD group (6.90% vs. 17.24%;

p = 0.054), the rates of favorable outcome at 90 days were

comparable between the two groups.

Discussion

This randomized controlled trial demonstrated that the

Neurohawk achieved comparable rates of successful reperfusion

and PFE vs. the Solitaire FR for the treatment of patients with

LVO-AIS. From a safety perspective, the rates of sICH were

similar. These angiographic results translated to comparable

proportions of patients with good clinical outcomes, with

close to 60% of patients regaining functional independence

at 90 days in each group. In subgroup analysis, almost 80%

of individuals with ICAD-LVO needed rescue measures to

maintain a favorable reperfusion, including balloon and/or stent

angioplasty, which would prolong the time of the procedure.

Even so, patients with ICAD-LVO AIS had similar successful

reperfusion rate and favorable outcome rate at 90 days vs. those

with non-ICAD-LVOAIS. In addition, patients with ICAD-LVO

AIS had a relatively lower mortality rate within 90 days.

The Neurohawk retriever is a closed-cell designed retriever

with full radiopaque visibility, which can be delivered through a

0.021-inch microcatheter. The available working lengths of the

Neurohawk are 25mm with diameter of 4mm, and 30mm with

diameter of 6mm. For a retriever with only several radiopaque

marks, physicians could see the ends of the device but not

the retrieval area, indicating that they often had to make

assumptions regarding the positional relationship between the

clot and opened cells. However, the radiopaque Neurohawk

retriever allows the physician to visualize the placement of struts

at the location of the clot. In addition, it allows a particular

deployment maneuver, the push and fluff technique, which may

lead to better device opening and optimized wall apposition

(20, 21). After partially unsheathing the retriever by retracting

the delivery microcatheter, the forward force is applied to the

device delivery wire and the forward tension continues to push

the device into maximal expansion. Therefore, the larger stent

cell area may allow for incorporation of higher volumes of clot.

This study is one of the few randomized controlled trials

that focus on the efficacy and safety of a new device for

thrombectomy. Although new devices for thrombectomy are

constantly emerging, most of them are validated for clinical

effects in single-arm studies. Usually, the data from a single

group are compared with previous studies of other devices.
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However, direct comparison of prognoses between single-

arm studies and previous registries could produce bias from

inhomogeneous baselines and inconsistent operator experiences

(22–27). In this study, the prospective randomization design

generated a well-balanced baseline between the two groups.

From the perspective of angiographic results and clinical

outcomes, the Neurohawk was demonstrated to be non-inferior

to the Solitaire FR in the treatment of LVO-AIS in the anterior

circulation. Although the visibility of Neurohawk may improve

the usage experience, the angiographic endpoint showed no

difference. One reason might be the high rate of mTICI 2b-

3 seen with the modern endovascular technology results in a

ceiling effect, making the measurement insensitive. The subtle

difference caused by minor improvements may require larger

sample sizes and more sensitive measurements to confirm.

While embolism and extracranial atherosclerotic disease is

the leading cause of AIS in Caucasian patients, ICAD-LVO cases

are more prevalent among Asians (28, 29). In this study, one-

fourth of cases resulted from ICAD-LVO. The characteristics

of occlusions arising from ICAD and non-ICAD differed in

terms of therapeutic responses. For instance, subsequent plaque

irritation and platelet aggregation are persistent even after

mechanical thrombectomy, which often leads to re-occlusion.

Another concern for these patients is whether the use of

antiplatelet drugs post-angioplasty would increase the risk of

hemorrhagic complications. However, limited studies have so far

assessed the efficacy and safety of mechanical thrombectomy in

AIS due to ICD-LVO, and the only information available is based

on single center, retrospective studies conducted on few samples

(14, 30–32).

In this study, patients with ICAD-LVO had lower initial

NIHSS, which might be attributed to ischemic preconditioning

and better collateral compensation. This finding was in line with

the EAST study in which admission NIHSS in the ICAD group

was lower than that of the embolic group (33). Endovascular

treatment of AIS underlying ICAD-LVO is technically more

complex. About four-fifth of patients with ICAD-LVO received

angioplasty, while only five patients in the non-ICAD group

needed single stent implantation. The EAST study in China

showed 63.8% (30/47) of patients were considered to be

eligible for rescue treatment. In our previous meta-analysis

of endovascular treatment of ICAD-LVO, the most common

rescue therapy was stenting with or without balloon angioplasty

(32.7%), followed by single balloon angioplasty (12.3%) (30).

Besides, our data showed additional rescue therapy was indeed

reflected by significantly longer procedure time, in concordance

with the previous study. Finally, our findings corroborate

studies that also demonstrated similar angiographic and clinical

outcomes were obtained in the treatment of acute ICAD-LVO.

This study had several underlying limitations because of the

restrictive nature of the randomized controlled non-inferiority

trial design, including the limited sample size, and strict

inclusion and exclusion criteria. In addition, the mRS was

accessed by physicians in each center, which can lead to

heterogenous judgments. The sub-analysis also had several

limitations. Data for this sub-analysis were derived from the

original trial, and therefore, selection bias was inevitable. There

was heterogeneity in the intraoperative antiplatelet regimen

among different centers.

Conclusion

This randomized clinical trial demonstrated that the

Neurohawk retriever is non-inferior to the Solitaire FR in

the mechanical thrombectomy of LVO-AIS. Meanwhile,

the sub-analysis suggested that endovascular treatment

including thrombectomy with the retriever and essential

rescue angioplasty is effective and safe in patients with AIS

underlying ICAD-LVO.
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Background: Midline shift (MLS) is troublesome problem that may occur in

patients with a large infarct core (LIC) andmay be related to the baseline infarct

core volume. The purpose of this studywas to explore the relationship between

baseline infarct core volume and early MLS presence.

Materials andmethods: Patients with acute intracranial large artery occlusion

and a pretreatment relative cerebral blood flow (rCBF)<30% volume≥50ml on

CT perfusion (CTP) were included, clinical outcomes following endovascular

treatment (EVT) were retrospectively analyzed. The primary endpoint was MLS

within 48h (early MLS presence). The association between baseline ICV and

early MLS presence was evaluated with multivariable regression.

Results: Ultimately, 95 patients were included, and 29.5% (28/95) of the

patients had early MLS. The number of patients with a baseline rCBF < 15%

volume (median [interquartile range], 46 [32–60] vs. 29 [19–40]; P < 0.001)

was significantly larger in the early severe MLS presence group. A baseline

rCBF < 15% volume showed significantly better predictive accuracy for early

MLS presence than an rCBF < 30% volume (area under the curve, 0.74 vs.

0.64, P = 0.0023). In addition, an rCBF < 15% volume ≥40ml (odds ratio,

4.34 [95% CI, 1.571–11.996]) was associated with early MLS presence after

adjustment for sex, age, baseline National Institutes of Health Stroke Scale

score, onset-to-recanalization time.

Conclusion: In patients with an acute LIC following EVT, a pretreatment infarct

core volume > 40ml based on an rCBF < 15% showed good predictive value

for early MLS occurrence.

KEYWORDS

midline shift, large ischaemic core, prognosis, acute ischemic stroke, thrombectomy
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Introduction

Endovascular thrombectomy (EVT) is the standard

treatment for ischaemic stroke patients with large vessel

occlusion (LVO) (1–8). However, most clinical trials of EVT

focused on patients with small ischaemic cores defined as

a volume with a relative cerebral blood flow (rCBF) <30%

of <50 or <70 cm3 on computed tomographic perfusion

(CTP) images or an Alberta Stroke Program Early CT Score

[ASPECTS] ≥6 on non-contrast computed tomography (CT)

imaging prior to thrombectomy (9). Recently, a meta-analysis

showed that patients with a large ischaemic core (LIC) defined

by an ASPECTS < 6, ischaemic core volume ≥ 50ml or both

can benefit from EVT (10). Moreover, a recent randomized

clinical trial (RCT) performed in Japan showed that patients

with an LIC had better functional outcomes with endovascular

therapy than with medical care alone but had more intracranial

hemorrhages (11).

However, one concern of patients with an LIC who receive

EVT is cerebral oedema, which can lead to early cerebral midline

shift (MLS) occurrence and poor prognosis. The causes of

cerebral oedema remain unclear. Studies have shown that in

patients with a core volume > 130mL or CT-ASPECTS ≤

3, EVT is not significantly associated with a clinical benefit

and may be detrimental through the exacerbation of oedema.

Therefore, we hypothesize that the baseline ischaemic core

volume is associated with MLS occurrence.

Traditionally, the infarct core is defined as an rCBF < 30%

(12); however, the chronological progression to infarction is

different for different cell types (neurons are already severely

damaged at a time and place where astrocytes are onlyminimally

injured), and it is variable in both time and space (13). Currently,

there is no optimal ischaemic core CTP parameter, and an rCBF

< 30% ischaemic volumemay also be reversible after reperfusion

therapy, similar to the theory of diffusion MR reversibility

(14, 15). Furthermore, we hypothesized that an rCBF < 15%

ischaemic volume is extremely ischaemic tissue and is very

difficult to save despite rapid reperfusion. In our study, we aimed

to explore the relationship between an rCBF < 15% ischaemic

volume and early MLS occurrence and determine the optimal

ischaemic volume for predicting early MLS occurrence.

Methods

Patient population and data collection

The patient data analyzed in the present study were

derived from our Prospective Registry database of Endovascular

Treatment. For the present analysis, all patients enrolled

between January 1, 2015, and July 1, 2021, were included. The

inclusion criteria of this study were as follows: at least 18 years

of age; acute occlusion of anterior intracranial large vessels

and EVT; a baseline National Institutes of Health Stroke Scale

(NIHSS) score ≥ 6; a baseline CTP and pretreatment ischaemic

core volume ≥ 50ml (autoassessed by CTP); a premorbid

modified Rankin Scale (mRS) score ≤ 2; and an onset-to-

presentation time within 24 h.

Ethics approval

The study was approved by the local hospital ethics

committees (ID 2021 LWB251). Written informed consent

for EVT was obtained from the patient or the proxy.

Informed consent for this study was waived because it was a

retrospective study.

Clinical variables and outcomes

The baseline data included sex, age, comorbidities

(hypertension, diabetes, hyperlipidaemia, and atrial fibrillation),

occlusion site, time from onset to treatment, neurologic deficits

using the NIHSS score, and stroke subtype according to the

Trial of ORG 10172 in Acute Stroke Treatment (TOAST)

categories (16).

The primary outcome was midline shift (MLS), Secondary

outcomes were functional independence at 3 months,

corresponding to a modified Rankin Scale (mRS) score of 0–2,

death at 3 months and symptomatic intracranial hemorrhage

(sICH) according to the definition of Heidelberg (17).

Radiological variables and outcomes

For the patients in our study, we used the following

acquisition protocol and post-processing algorithms. CT

perfusion was performed on a 320-slice scanner (GE

Revolution). With each time point acquisition, a total of

320 slices with a thickness of 0.5mm were obtained, which

covered the whole brain (220mm total coverage). Typically,

19 time points were obtained commencing 4 seconds after

non-ionic iodinated contrast injection into an antecubital vein

(50mL, 5 mL/s; Bayer HealthCare). The acquisition parameters

were 80 kilovolts (peak; kVp) and 200mA. This acquisition

also allowed the generation of intracranial angiographic data

as well as perfusion maps. Whole-brain non-contrast CT

(NCCT) was performed before CTP. After acquisition, CTP

data were processed by the commercial software Mistar (Apollo

Medical Imaging Technology). The mathematical model of

delay-corrected singular value decomposition (dSVD) was

chosen to generate perfusion parameters, which were presented

as cerebral blood volume (CBV), cerebral blood flow (CBF),

mean transit time (MTT), and delay time (DT). We further

generated a penumbra/core map by setting thresholds for
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FIGURE 1

Study flow chart. CTP, CT perfusion; EVT, endovascular Therapy;

MLS, midline shift.

parametric maps. A DT > 3 sec was defined as hypoperfusion of

brain tissue, and the ischaemic core volume was defined as rCBF

< 30% (18). The mismatch volume (volume of DT > 3 s minus

volume of rCBF < 30%) and mismatch ratio (volume of DT

> 3 s divided by volume of rCBF < 30%) were also calculated

by Mistar software (12). We can also derive the value of rCBF

< 15%. The reperfusion grade was assessed with the Extended

Thrombolysis in Cerebral Infarction (eTICI) scale (19), and

substantial reperfusion was defined as a score of 2b, 2c, or 3 (19).

Early severe MLS presence was defined as an MLS greater

than 3mm (20) within 48 h post-EVT. MLS measurements were

performed by readers who were blinded to the clinical data

(Dr P.Z.N), and MLS was assessed as dichotomous (present

or absent). In patients who had >1 follow-up scan, the scan

with the highest MLS was analyzed. MLS was measured in

millimeters at the level of the septum pellucidum (21, 22).

The quantitative assessment of MLS was performed on patients

previously categorized as having MLS. MLS measurements

were independently assessed in 30% of the study cohort (29

consecutive subjects) by a second neurologist (Dr L.X.H) and

found to have excellent interrater agreement (K = 0.95). Then,

the patients were divided into 2 groups: the early severe MLS

presence group was defined by the presence of an MLS > 3mm,

and the no early severe MLS presence group was defined by the

presence of an MLS < 3mm or MLS absence.

Statistical analysis

Standard descriptive statistics are reported as medians and

IQRs for continuous variables and as numbers and percentages

for categorical variables. For between-group comparisons of

categorical variables, the χ2-test or Fisher’s exact test was used,

as appropriate. The Mann–Whitney U test was employed for

continuous variables. The areas under the curve from receiver

operating characteristic (ROC) analyses were used to assess the

predictive value of the baseline ischaemic core calculated by

different levels of rCBF for early MLS presence. The Youden

index was used to calculate the optimal cut-off predictive

value of different rCBF threshold values. A bootstrap test was

used to compare the areas under the curve (AUCs) between

rCBF < 15% volume and rCBF < 30% volume. Multivariable

logistic regression analyses were performed to determine the

associations between early MLS presence and some important

baseline factors, including core volume calculated by rCBF <

15%. Statistical analyses were performed using SPSS 18.0 (IBM

SPSS, Chicago, IL) and R software version 4.13. A 2-sided P value

< 0.05 was considered indicative of statistical significance.

Results

The study flow chart is shown in Figure 1. Of the 2,079

patients enrolled in our registry database, 44.3% (921/2,078) of

anterior circulation infarction patients had baseline CTP data,

and 134 patients had a baseline core infarct volume ≥50ml.

Ultimately, 95 patients were included after the exclusion of 39

patients for the following reasons: (1) poor image quality (12

patients); (2) onset-to-presentation time surpassing 24 h (17

patients); (3) poor routine and discontinuation of endovascular

therapy (4 patients); and (4) a pretreatment mRS > 2 (6

patients). A total of 29.5% (28/95) of patients had early

severe MLS.

Baseline characteristics and clinical
outcomes of the whole cohort

Of the 95 included patients (Table 1), 58.9% (56/95) were

males, and the median age was 72 (IQR, 63–79) years. The

median baseline NIHSS score of this cohort was 19 (IQR,

16–22). A total of 49.5% (47/95) of the occlusion sites were

intracranial carotid artery. Overall, successful revascularization

(eTICI 2b,2c,3) was achieved in 98.9% (94/95) patients, and
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TABLE 1 Comparison of baseline characteristics between patients with early severe MLS presence and without early severe MLS presence.

Parameter All patients
N = 95

No MLS
N = 67

MLS
N = 28

P value

Sex (male, n) 56 (58.9%) 44 (65.7%) 12 (42.9%) 0.039

Age, y, median (IQR) 72 (63–79) 72 (63–79) 74 (64–80) 0.358

Risk factors, n (%)

Smoking 15 (15.8%) 13 (19.4%) 2 (7.1%) 0.236

Hypertension 70 (73.7%) 48 (71.6%) 22 (78.6%) 0.484

Diabetes mellitus 27 (28.4%) 18 (26.9%) 9 (32.1%) 0.603

Atrial fibrillation 23 (24.2%) 15 (22.4%) 8 (28.6%) 0.521

Baseline NIHSS score (median, IQR) 19 (16–22) 19 (15–22) 19 (18–23) 0.180

Intravenous thrombolysis, n (%) 25 (26.3%) 18 (26.9%) 7 (25.0%) 0.851

Onset-to-recanalization time, median (IQR) 349 (266–445) 323 (253–438) 385 (307–446) 0.194

ASPECT 3 (1–5) 3 (2–6) 3 (0–5) 0.158

Occlusion site, n (%)

ICA 47 (49.5%) 32 (47.8%) 15 (56.6%) 0.606

M1 segment 39 (41.1%) 26 (38.8%) 13 (46.4%) 0.491

M2 segment 9 (9.5%) 9 (13.4%) 0 (0%) 0.098

Endovascular therapy detail

Mechanical thrombectomy 93 (97.9%) 66 (98.5%) 27 (96.4%) 0.505

Angioplasty 15 (15.8%) 11 (16.4%) 4 (14.3%) 1.000

Intravenous tirofiban 29 (30.5%) 25 (37.3%) 4 (14.3%) 0.026

Intraarterial rt-PA 2 (2.1%) 1 (1.5%) 1 (3.6%) 0.505

TOAST subtype, n (%)

CE 64 (67.4%) 40 (59.7%) 24 (85.7%) 0.014

LAA 29 (30.5%) 25 (37.3%) 4 (14.3%) 0.026

Other 2 (2.1%) 2 (3.0%) 0 (0%) 0.888

eTICI ≥ 2b, n (%) 94 (98.9%) 66 (98.5%) 28 (100%) 1.000

Clinical outcome, n (%)

sICH 9 (9.5%) 3 (4.5%) 6 (21.4%) 0.029

mRS 0–2 21 (22.1%) 21 (31.3%) 0 (0%) 0.001

Mortality 32 (33.7%) 17 (25.4%) 15 (53.6%) 0.008

IQR, interquartile range; ASPECT, Alberta Stroke Program Early CT Score; TOAST, Trial of Org 10172 in Acute Stroke Treatment; NIHSS, National Institutes of Health Stroke Scale; ICA,

intracranial carotid artery; LAA, large-artery atherosclerosis; CE, cardio embolism; sICH, symptomatic intracranial hemorrhage.

functional independence was achieved in 22.1% (21/95) of

patients; 33.7% (31/95) of patients died.

Comparison between the early severe
MLS presence and no early severe MLS
presence groups

Table 1 shows that the TOAST subtype was different between

the 2 groups. Compared with the no early severe MLS presence

group, the early severe MLS presence group included more

patients with the cardiac embolic type (85.7 vs. 59.7%, P =

0.014) and fewer with large artery atherosclerosis (LAA) (14.3

vs. 37.3%, P= 0.026).

The clinical outcome was poorer in the early severe MLS

presence group: there were more patients with sICH (21.4

vs. 4.5%, P = 0.029) and fewer patients with functional

independence (0 vs. 31.3%, P = 0.001). Furthermore, more

patients died (53.6 vs. 25.4%, P= 0.008) in the early severe MLS

presence group.
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TABLE 2 Comparison of baseline infarct core between patients with early severe MLS presence and without early severe MLS presence.

Parameter All patients
N = 95

No MLS
N = 67

MLS
N = 28

P value

rCBF < 30%, median (IQR) 75 (64–96) 71 (61–93) 91 (71–113) 0.010

rCBF < 15%, median (IQR) 35 (23–46) 29 (19–40) 46 (32–60) <0.001

CBF < 15% ≥40ml, n (%) 34 (35.8%) 17 (25.4%) 17 (60.7%) 0.001

MLS, midline shift; IQR, interquartile range; ml, milliliter; rCBF, relative cerebral blood flow.

No significant differences were found between the 2 outcome

groups in age (74 year in the early severeMLS presence group vs.

72 yrs. in the no early severe MLS presence group, P = 0.358),

baseline NIHSS (19 vs. 19, P = 0.180), risk factors including

smoking (7.1 vs. 19.4%, P= 0.236), hypertension (78.6 vs. 71.6%,

P= 0.484), diabetes mellitus (32.1 vs. 26.9%, P= 0.603), or atrial

fibrillation (28.6 vs. 22.4%, P = 0.521), except there were fewer

male patients in the early severe MLS presence group (42.9 vs.

65.7%, P= 0.039). The occlusion site was similar in the 2 groups,

including intracranial internal carotid artery occlusion (56.6% in

the early severe MLS presence group vs. 47.8% in the no early

severe MLS presence group, P = 0.606) and the M1 segment of

the MCA (46.4 vs. 38.8%, P= 0.491).

No significant differences were found between the 2 outcome

groups in endovascular therapy detail except more patients

received intravenous tirofiban in no MLS group than that in

MLS group (37.3 vs. 14.3%, P= 0.026).

Baseline infarct core volume calculated
by di�erent thresholds of rCBF between
the 2 groups

As Table 2 shows, compared with the no early severe MLS

presence group, patients in the early severe MLS presence group

showed a larger infarct core volume of rCBF < 30% (median

[IQR], 91 [71–113] vs. 71 [61–93]; P = 0.01) and rCBF < 15%

(median [IQR], 46 [32–60] vs. 29 [32–60]; P < 0.001). There

were 29 patients with rCBF < 15% volumes > 40ml and rCBF

< 30% volumes < 130ml, and 14 of these patients (48.3%) had

early severe MLS occurrence.

ROC analyses and logistic regression
analyses

Figure 2 shows that an rCBF < 15% ischaemic volume

showed significantly better predictive accuracy than an

ischaemic volume of rCBF < 30% (area under the curve, 0.74

vs. 0.64, P = 0.002). The optimal threshold points from the

ROC analyses to differentiate patients likely to have a higher

likelihood of MLS were core volume calculated by rCBF < 15%

of ≥40ml (sensitivity 0.61, specificity 0.76) and an rCBF < 30%

FIGURE 2

Receiver operating characteristic analyses of the rCBF < 15%

volume and rCBF < 30% volume. An rCBF < 15% volume

showed a better predictive value of MLS than an rCBF < 30%

volume (AUC, 0.735 vs. 0.646, P = 0.023). rCBF indicates relative

cerebral blood flow; AUC indicates the area under the curve.

core volume of ≥86ml (sensitivity 0.61, specificity 0.70), as

showed in Table 3.

Table 2 indicates that there were more patients with

rCBF≥40ml in the early severe MLS presence group (60.7

vs. 25.4%, P = 0.001). Based on the results of multivariate

logistic regression, an rCBF < 15% core volume ≥ 40ml was an

independent predictor of early severe MLS presence (odds ratio

[OR], 4.34 [95% CI, 1.571–11.996, P = 0.005]) after adjustment

for sex, age, baseline NIHSS score, onset-to-recanalization time

and TOAST subtype, as showed in Table 4.

Discussion

Our study showed that an rCBF < 15% core volume is a

better tool for predicting early severe MLS presence than an

rCBF < 30% core volume and an rCBF < 15% core volume ≥

40ml was a strong predictor of early MLS presence in patients

with an LIC treated by EVT.

MLS is the gold standard imagingmarker of cerebral oedema

(23). MLS occurrence is one clinical scenario that patients with

an LIC treated with reperfusion therapy may face and is of
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TABLE 3 ROC analysis of the cut-o� value of MLS.

AUC Sensitivity Specificity Cut-o� value P value

rCBF <30% 0.64 (0.52–0.75) 0.61 0.70 86 0.01

rCBF <15% 0.74 (0.62–0.84) 0.61 0.76 40 <0.001

rCBF indicates relative cerebral blood flow.

TABLE 4 Multivariate logistic regression analyses of variables

associated with the occurrence of MLS.

Parameter Odds
ratio

95%CI P value

CE 2.67 0.743–9.618 0.132

Male sex 0.40 0.137–1.160 0.091

Age, one-year increase 1.00 0.958–1.040 0.923

Onset-to-recanalization time 1.00 0.999–1.004 0.260

Baseline NIHSS score 1.00 0.923–1.154 0.579

rCBF < 15% volume ≥40ml 4.34 1.571–11.996 0.005

CE, cardioembolism; NIHSS, National Institutes of Health Stroke Scale; rCBF, relative

cerebral blood flow.

great concern to clinicians. MLS occurrence may be due to

cerebral oedema caused by the infarction volume itself. Cerebral

blood flow is the optimal CT perfusion parameter for assessing

the infarct core (24), and an rCBF < 30% is traditionally

defined as the infarct core (12). The chronological progression

to infarction is different among different cell types and different

individuals, and accurate core assessment is challenging (13).

A case–control study indicated that the optimal threshold

to define the ischaemic core in thrombectomy patients was

an rCBF <20%, whereas in alteplase controls, the optimal

ischaemic core threshold remained at an rCBF <30% (25), and

the reason may be due to earlier reperfusion. Therefore, the

traditional biomarker of an rCBF < 30% ischaemic volume

may also be reversible. An rCBF < 15% ischaemic volume

indicates extremely ischaemic tissue, which is very difficult to

reverse and save. Our study showed that compared with an

rCBF < 30%, an rCBF < 15% is a better tool for predicting

MLS occurrence.

In animal models, reperfusion can exacerbate cerebral

oedema because severely ischaemic tissue is unlikely to survive

even with reperfusion, and oedema increases after reperfusion,

which supplies blood flow and water content to already

infarcted tissue (21). However, clinical studies have shown

that reperfusion can reduce cerebral oedema (21, 22, 26,

27). Nevertheless, reperfusion may be harmful and exacerbate

cerebral oedema in patients with a very large infarct core

>130ml (21). Our study showed that an rCBF < 15% was more

accurate in predicting early MLS occurrence than an rCBF <

30% and that an rCBF < 15% volume ≥ 40ml was a strong

predictor of early MLS severe occurrence, which indicated that

reperfusion therapy should be used with caution in patients

with an rCBF < 15% volume > 40ml. Furthermore, our study

showed that half of the patients with an rCBF < 15% volume

≥ 40ml and an rCBF < 30% volume < 130ml had early severe

MLS occurrence. To some extent, the predictive value of rCBF<

15% volume ≥ 40ml for the presence of MLS is better than that

of rCBF < 30% volume > 130 ml.

MLS presence, especially an MLS value > 3mm, predicts

poor outcome (20, 28). In concordance, our exploratory analysis

suggests that none of the patients with early severeMLS presence

achieved functional independence, and half of them died. sICH

is another important factor that can exacerbate cerebral oedema

and cause MLS. In our study, the sICH occurrence rate was as

high as 21.4%.

Our analysis adds further evidence to support the safety and

benefit of EVT in patients presenting with an LIC. Our study

showed that functional independence was achieved in 22.1% of

patients and that sICH occurred in 9.5%, which was consistent

with previous studies. Previous studies have also shown that the

functional independence rate ranges from 21.7% (29) to 36.5%

(11, 30, 31), the mortality rate ranges from 22.5% (31), 30.8%

(31) to 44.7% (29), and the sICH occurrence rate ranges from

3.7% (32) to 7.0% (31).

The strengths of this study are the use of data from a

prospective registry database, a relatively large sample and

the use of objective imaging criteria with automated core

volume calculations for CTP, which is more accurate than core

volumes assessed with CT-ASPCET. However, our study also

had some limitations.

Because of the lack of a control group that received the

best medical treatment alone, we cannot judge the treatment

effect sizes. Additionally, our database does not track patients

with LVO who did not undergo thrombectomy, and thus, data

relating to a proportion of treated patients are not available.

Third, individual treatment decisions were made by different

interventionalists or/and patients/families’ preferences rather

than on a specific selection protocol. This may have led to a

selection bias that could have confounded our results but at

the same time allowed us to explore the paradigm of treating

patients with LIC more pragmatically. Fourth, although post-

procedural neurocritical care could have some effects on the

outcome, the influence may be minimized since the critical care

of all these included patients was performed by a designated

team. Therefore, factors regarding post-procedural critical care

were not considered in the analysis.
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Conclusion

In summary, our data provide reassurance that iatrogenic

exacerbation of space-occupying cerebral oedema following

EVT in patients is unlikely in patients presenting with an

LIC, particularly among patients with an rCBF < 15% core

volume < 40ml. However, reperfusion therapy should be used

with caution in patients with an rCBF < 15% core volume

≥ 40mL. Trials are needed to mitigate the adverse effects of

cerebral oedema and offer an avenue to reduce the morbidity

and mortality of patients with LIC.
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Ziyang People’s Hospital, Ziyang, China, 3Department of Radiology, Zigong Third People’s Hospital, Zigong,
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Background: Intracranial rescue stenting (RS) might be an option for acute ischemic

stroke after the failure of mechanical thrombectomy (MT). However, the findings

were not consistent in previous systematic reviews, and whether the conclusion was

supported by su�cient statistical power is unknown.

Aim: To examine the e�ect of RS on acute ischemic stroke after the failure of MT with

a systematic review, meta-analysis, and trial sequential analysis (TSA).

Methods: We searched Ovid Medline, Embase, and the Cochrane Central Register of

Controlled Trials (CENTRAL) from inception to 15 June 2022, without any language

restriction. Studies assessing the e�ect of RS for acute ischemia stroke after MT

failure were included. Two reviewers independently screened the retrieved articles,

extracted data, and evaluated the quality of the included studies through the New

Ottawa Scale (NOS). The primary outcome was the recanalization rate after RS.

Secondary outcomes included modified Rankin Scale (mRS) at 3 months after stroke,

symptomatic intracranial hemorrhage (sICH), and mortality rate. We synthesized the

data through a random-e�ects model and performed a TSA analysis.

Results: We included 15 studies (containing 1,595 participants) after screening 3,934

records. The pooled recanalization rate for rescue stenting was 82% (95% CI 77–

87%). Compared with non-stenting, rescue stenting was associated with a higher

proportion of patients with 0–2 mRS score (OR 3.96, 95% CI 2.69–5.84, p < 0.001)

and a lower 90-daymortality rate (OR 0.46, 95% CI 0.32–0.65, p < 0.001), and stenting

did not increase sICH rate (OR 0.63, 95% CI 0.39–1.04, p = 0.075). The TSA analysis

showed that the meta-analysis of the mRS score had a su�cient sample size and

statistical power.

Conclusions: Our study showed that rescue stenting was e�ective and safe for

patients with acute ischemia stroke who also had a failed MT, and this result was

confirmed in a TSA analysis.

KEYWORDS

acute ischemic stroke,mechanical thrombectomy failure, rescue stenting,meta-analysis, trial

sequential analysis
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Introduction

The prevalence and incidence of ischemic stroke are increasing

because the global population ages, the absolute number of incidence

of ischemic stroke increases from 4,309,356 in the year 1990 to

6,892,857 in the year 2013 (1). Stroke is now the second leading

cause of death and a major cause of disability worldwide. The

extent of collateral circulation in patients with ischemic stroke was

closely related to their clinical outcomes. A good collateral circulation

normally correlates with a good clinical outcome, and good collateral

circulation has also been associated with the greater benefit of

intravenous thrombolysis and endovascular treatment (2).

Mechanical thrombectomy (MT) is now becoming the first-line

treatment option for reperfusion in patients with acute ischemic

stroke, especially for those with contraindications for intravenous

thrombolysis (3). Although promising, MT therapy still has a high

rate of failure, which is estimated to be around 30% (4). Several

approaches were proposed for patients with failed MT attempts,

and glycoprotein IIb/IIIa inhibitors, balloon angioplasty, and rescue

stenting are the three most frequently selected (5). Rescue stenting

is of great interest to neurologists since it is a non-pharmacological

therapy that could avoid the contraindications of pharmacological

treatments and has a high rate of recanalization which enables

rapid reperfusion. Previous systematic reviews have examined the

effectiveness of rescue stenting for patients with acute ischemic

stroke after MT failed, and the results showed that rescue stenting

had favorable rates of recanalization and led to a better functional

outcome than non-stenting treatments (6–9). However, owing to

small sample sizes and the observation nature of the included studies,

these reviews could not reach firm conclusions.

In the recent 2 years, studies that focused on the effectiveness of

rescue stenting for patients with failed MT treatment were emerging

(10–12). Among them, one study published in 2022 recruited 499

participants—the largest sample size today (12), and the study

adopted the design of propensity score matching, which balanced

the baseline characteristics between the stenting and non-stenting

group and therefore generated a more robust result than previous

studies did. The addition of these studies in a new systematic review

with meta-analysis might further clarify whether rescue stenting is

effective and safe for patients with acute ischemia stroke who had at

least one failed MT.

Insufficient sample size and repeated significance testing are the

major threats to the generation of robust results in meta-analyses.

Trial sequential analysis (TSA), a statistical analysis method analog to

interim analyses in randomized controlled trials, is believed to have

better control over type-I and type-II errors in a meta-analysis (13).

In addition, the TSA analysis can estimate the needed sample size in

a meta-analysis for a pre-specified effect size (14).

Based on the grounds, we performed a systematic review with

meta-analysis and TSA, aiming to examine whether rescue stenting

after the failure of MT improves the outcomes in patients with acute

ischemic stroke.

Methods

A systematic review with meta-analysis was conducted to

examine the effectiveness of rescue stenting after mechanical

thrombectomy for acute ischemia stroke, which was conducted

according to PRISMA (15). We acquired summary-level data from

published literature, and ethical approvals were acquired in each

original study.

Literature search

We searched Ovid Medline, Embase, and the Cochrane

Controlled Register of Trials (CENTRAL) from inception to 15 June

2022, setting no language restriction during the literature search.

We searched the databases with the search strategies combining the

following keywords: stroke, middle cerebral artery, thrombectomy,

endovascular, clot retrieval, rescue stenting, and angioplasty. We read

the reference lists of the previously published systematic reviews

and meta-analyses, to check whether studies were missing from

the literature search. We searched the website of the American

Academy of Neurological Surgery (https://americanacademyns.org/),

the European Association of Neurosurgical Societies (https://www.

eans.org), and the American Association of Neurological Surgeons

(https://www.aans.org/) for meeting abstracts and conference posters

that reported studies of interest.

Study screening

The inclusion criteria of this meta-analysis included: (1)

participants with ischemia stroke who had at least one attempt of MT

but failed [defined as modified Thrombolysis in Cerebral Infarction

(mTICI) score≤ 2b]; (2) participant’s age > 18 years; (3) participants

received rescue stenting after failed MT, and the type of stents

and stenting procedure were not limited; (4) observational studies

(case series, cohort studies) and experimental design (randomized

controlled trials) were all included; (5) the control group being no

rescue stenting or normal medical care; (6) studies that reported any

of the following outcomes: recanalization rate, Modified Rankin Scale

(mRS), assessment of symptomatic intracranial hemorrhage (sICH),

and mortality rate.

The exclusion criteria included: (1) studies that recruited <5

participants in the rescue stenting arm; (2) studies that reported

the outcomes but with missing and insufficient data for analysis;

(3) studies that were reported in the form of conference abstracts,

research letters, or news reports.

The study screening was performed by one reviewer, and the

results were checked and confirmed by another reviewer. The titles

and abstracts of the retrieved articles were first screened, and the

remained articles of interest were further searched for full-text copies.

Disagreements in the study selection between the two reviewers were

arbitrated by a third reviewer.

Outcome measurements

The outcome measurements included recanalization rate, mRS

score, sICH rate, and 90-day mortality. The recanalization rate was

normally reported for the rescue stenting arm but not for the non-

stenting arm, so our primary outcome was an mRS score from 0

to 2, a score range that is conventionally recognized as achieving a

good outcome following stroke (16). The mRS is an ordinal scale
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that ranges from 0 (no symptoms at all) to 6 (death), and the score

of 1 indicates no significant disability despite symptoms while the

score of 2 indicates slight disability but able to look after own affairs

without assistance (17). The sICH was considered the potentially

harmful effect of stenting treatment, especially in the circumstance

that antiplatelet medications should be used after the stenting

procedure. We, therefore, assessed this outcome to evaluate the safety

of rescue stenting. Previous studies demonstrated a decrease in 90-

day mortality in patients receiving rescue stenting, so we assessed it

as an efficacy outcome.

Data extraction

Standardized forms, designed and entered through Excel software

(Excel 2016), were used to extract data from the included studies.

Two reviewers independently extracted the following information:

the name of the first author, year of publication, the country where

the studies were conducted, the total number of participants, study

design, the use of propensity score matching analysis (yes or no),

the type of control group, mean age, the proportion of participants

using intravenous tPA, the proportion of participants with middle

cerebral artery (MCA) occlusion, the type of rescue stenting, and the

assessed outcomes. The reviewers also extracted outcome parameters

(i.e., means, standard deviations, events, number of participants in

the stenting or non-stenting arm) from the included studies, and

they tried to contact the authors when the data needed for meta-

analysis were not reported in the articles. A third reviewer checked

and validated the extracted data, and passed the cleared data to

a statistician.

Assessment of study quality

The quality of the included studies was assessed by using the

Newcastle-Ottawa Scale (NOS), which assesses the quality of study

design in three domains: the selection of cohorts, the comparability

between cohorts, and the assessed outcomes. Possible total points

are four points for selection, two points for comparability, and three

points for outcomes. A higher score on the NOS scale indicates a

better study quality.

Statistical analysis

We reviewed and summarized the recanalization rate of rescue

stenting after mechanical thrombectomy for acute stroke. Owing

to the lack of controls for this outcome, we performed a single-

proportions meta-analysis to pool the proportions of recanalization

reported in the included studies. This meta-analysis was performed

with the use of the inverse-variance weighted method (18), and the

generalized linear mixed model was adopted for analysis to test the

robustness of the findings.

For the outcome of 90-day mRS (0–2), sICH, and 90-day

mortality, we first calculated the odds ratio (OR) of rescue stenting

vs. non-stenting in these outcomes, and we secondly pooled the

ORs using a fixed-effect model when the I2 value was under 50%.

The 95% confidence intervals (95% CIs) of the pooled effect sizes

were estimated, and the p-values of the comparisons were also

provided. The heterogeneity of the meta-analysis was estimated

by using the Cochran Q-test, and the degree of the heterogeneity

was estimated by using the I2 value—with a cut-off point of

50% to determine whether there was significant heterogeneity.

The meta-analysis was conducted in the R environment (R 4.0.1,

meta package).

We performed a TSA analysis on the outcome of 90-day mRS,

since it is the most commonly used measurement for the functional

outcome of patients with stroke. The TSA analysis investigates

the type-I error in the aggregated result of the meta-analysis—

repeated significance testing increases the risk of type-I error. We

re-adjusted the significance level by using the O’Brien-Flemming

α-spending function, and the type-I error was controlled at the

level of 0.05 while the type-II error was controlled at 0.2. We

plotted the cumulative Z-curve of the meta-analysis to define

sequential boundaries to infer the levels of type-I and type-II

errors, calculate the required information size (RIS), and determine

whether further trials in the field is needed—when the total sample

size of recruited participants exceeds the RIS, further studies are

not required. The TSA analysis was conducted by using the TSA

software (V. 0.9.5.10).

Results

Study characteristics

We retrieved 3,934 records from the three databases: 1,587 from

Medline, 1,988 from Embase, and 359 from CENTRAL. A total of

15 studies were finally included (10–12, 19–30). Before the full-

text screening, we excluded 1,634 duplicates, 1,288 records because

of reviews, abstracts only, or conference papers without detailed

information, 527 records that reported the effect of mechanical

thrombectomy, and 368 records that were not relevant to stenting

treatment. One hundred and seventeen records were sought for

retrieval, and 15 of them were unavailable for full-text copies. In

the full-text assessment, 13 records were excluded for a sample size

<5, 28 records for reviews, 36 records for mechanism studies, and

10 records for meta-analysis, with no available data or no intended

outcomes. The process and flowchart of screening were shown in the

Supplementary Figure 1.

The included 15 studies recruited 1,595 participants, and these

studies were published from the year 2015–2022. Six of the studies

were from South Korea, three from China, two from the USA, two

from Italy, and the rest two from Spain and Sweden. The study

with the largest sample size was from the USA, recruiting 499

participants. Five studies adopted a prospective design, and one of

the five studies adopted a multicenter design; the rest 10 studies were

with retrospective design. Seven studies had non-stenting arms as the

control group. The mean age of the participants ranged from 61.4 to

70.1 years. All the studies assessed the mRS score and used the score

of 0–2 as the indicator of a good outcome. The other information,

the proportion of patients who used intravenous tPA, the proportion

of patients with middle artery occlusion, and the assessed outcomes

were shown in Table 1. Eight studies were rated six points by using

the NOS scale, three were rated seven points, two were rated eight

points, and the rest two were rated nine points.
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TABLE 1 Characteristics of the included trials.

References Country Sample
size

Study design Propensity
score
matching

Control
group

Mean
age

IV
tPA
(%)

MCA
occlusion

Rescue stenting
type

Assessed outcomes Nos
score

Kasab et al. (19) USA 36 Retrospective single-center

cohort study

No No 66.4 (14.1) NA NA Wingspan, Precise,

Enterprise

Recanalization rate (mTICI

2b-3); revascularization time;

mean procedural time; mRS;

postprocedural complications

6

Baek et al. (20) South

Korea

45 Retrospective single-center

cohort study

No Non-

stenting

70.1 (11.1) 31.1 55.6 Solitaire AB/FR,

Wingspan

Recanalization rate (mTICI

2b-3); mRS; cerebral

herniation rate; sICH;

mortality rate

7

Baracchini et al.

(21)

Italy 109 Prospective single-center

cohort study

No Non-

stenting

65 (15.3) NA 80.4 Solitaire AB Recanalization rate (mTICI

2b-3); mRS; sICH; mortality

rate

7

Chang et al. (22) South

Korea

148 Retrospective

multicener-center cohort

study

No Non-

stenting

66.6 (13.7) 49.5 63.5 Solitaire AB, Wingspan,

Enterprise, balloon

expandable

Recanalization rate; mRS;

sICH; mortality rate

8

Cornelissen et al.

(23)

Sweden 26 Retrospective single-center

cohort study

No Non-

stenting

67.3 (9.5) 34.6 NA Enterprise, Solitaire mRS; mortality rate 7

Delgado Acosta

et al. (24)

Spain 42 Retrospective single-center

cohort study

No No 61 (53–72) NA NA Enterprise Recanalization rate; mRS;

sICH; mortality rate

6

Kim et al. (25) South

Korea

46 Retrospective single-center

cohort study

No No 66 (58–75) 47.1 56.5 Wingspan Recanalization rate; mRS;

sICH; mortality rate

6

Nappini et al. (26) Italy 17 Retrospective single-center

cohort study

No No 62 (37–80) 47 41.1 Solitaire AB Recanalization rate; mRS;

sICH; mortality rate

6

Peng et al. (10) China 132 Retrospective multicenter

case-control study

Yes Non-

stenting

66 (55–76) 31.8 NA Solitaire, Stryker Recanalization rate; mRS;

sICH; mortality rate

9

Seo et al. (27) South

Korea

10 Prospective single-center

cohort study

No No 62.5 (11.3) 10 40 Wingspan Recanalization rate; mRS 6

Woo et al. (28) South

Korea

27 Retrospective single-center

cohort study

No No NA NA NA Solitaire FR Recanalization rate; mRS;

sICH; mortality rate

6

Yoon et al. (29) South

Korea

172 Retrospective single-center

cohort study

No No 69.1 (9.5) 50.6 58.7 Wingspan Recanalization rate; mRS;

sICH; mortality rate

6

Zhou et al. (30) China 193 Prospective single-center

cohort study

No No 63 (12.1) 23.3 NA Solitaire, Apollo,

Enterprise, Wingspan,

Neuroform

Recanalization rate; time from

groin puncture to

recanalization; mRS; sICH;

mortality rate

6

Luo et al. (11) China 93 Prospective single-center

cohort study

No Non-

stenting

61.4 (12) 17.2 NA NA Recanalization rate; mRS;

sICH; mortality rate

8

Mohammaden et al.

(12)

USA 499 Prospective multicenter

case-control study

Yes Non-

stenting

65.2 (14.9) 29 67.3 mRS; sICH; mortality rate 9

mRS, modified Rankin Scale; NOS, Newcastle-Ottawa scale; sICH, symptomatic intracranial hemorrhage.
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FIGURE 1

Recanalization rate.

FIGURE 2

The mRS score assessment. The mRS score of 0–2 indicates a good outcome of patients with ischemia stroke. (A) Summarizes the proportion of patients

with 0–2 mRS scores, using data from cohorts without control groups. (B) Shows the comparison of stenting vs. non-stenting in the proportion of

patients with 0–2 mRS score, and a higher OR indicates a better result of the stenting arm. mRS, modified Rankin Scale; OR, odds ratio.

Recanalization rate

Figure 1 shows the pooled result of the recanalization rate. Fifteen

studies recruiting 774 participants were included, and the results

showed a recanalization rate of 82% (95% CI 77–87%). A large and

significant heterogeneity was noticed in the analysis (I2 = 61%, p <

0.01); the lowest recanalization rate was 65% (19) while the highest

rate was 96% (25).
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FIGURE 3

The proportion of patients with sICH. sICH, symptomatic intracranial hemorrhage. sICH is a negative outcome for patients receiving rescue stenting. (A)

Summarizes the proportion of patients developing sICH after receiving stenting. (B) Shows the comparison of stenting with non-stenting in the

proportion of patients developing sICH, and a lower OR indicates a better result for the stenting arm. OR, odds ratio.

90-days mRS

Figure 2A shows the pooled result of the proportion of patients

with 0–2 mRS scores, which indicates a good outcome. The fixed-

effects model estimated a proportion of 51% (95% CI 46–56%) of

the participants with 0–2 mRS. The heterogeneity was small and

insignificant in this analysis (I2 = 43%, p= 0.09).

Figure 2B shows the comparison of rescue stenting vs. non-

stenting in achieving the outcome of 0–2 mRS. The results showed

that stenting had a significantly higher success rate in achieving 0–

2 mRS (OR 3.96, 95% CI 2.69–5.84, p < 0.001), and the fixed-effect

model was consistent with the random-effect model. A small and

insignificant heterogeneity was noted in the analysis (I2 = 16%, p =

0.31).

sICH

Figure 3A shows the synthesized result of the proportion of

patients who developed sICH after rescue stenting. The result showed

that the incidence of sICH was 6% (95% CI 4–11%). The results were

consistent between the fixed-effects model and the random-effects

model. The heterogeneity in this analysis was small (I2 = 11%) and

insignificant (p= 0.34).

Figure 3B shows the comparison of stenting vs. non-stenting

in the proportion of patients with sICH. The results showed that

stenting had a lower but not statistically significant proportion of

sICH compared with non-stenting (OR 0.63, 95% CI 0.39–1.04,

p = 0.075). The fixed-effects and random-effects models showed

consistent results. No heterogeneity was detected in this analysis (I2

= 0%, p= 0.69).

90-days mortality

Figure 4A shows the pooled result of the 90-day mortality rate,

which showed a synthesized mortality rate of 16% (95% CI 10–23%).

The heterogeneity was large and significant (I2 = 57%, p = 0.04), so

the result of the random-effects model was adopted.

Figure 4B shows the comparison of stenting vs. non-stenting in

the 90-day mortality rate, which showed that stenting was associated

with a significantly lower mortality rate when compared with non-

stenting (OR 0.46, 95% CI 0.32–0.65, p < 0.001). A small and

insignificant heterogeneity was found in the analysis (I2 = 25%, p =

0.24).

TSA analysis

Figure 5 shows the result of TSA analysis on the comparison of

stenting vs. non-stenting in the outcome of achieving a 0–2 mRS

score. Considering a 50% rate of 0–2 mRS score in the stenting

arm and a 35% rate in the non-stenting arm—resulting in a ratio

difference of 15%, a type-I error of 0.05, and a type-II error of 0.2, the

required information size would be 442 participants. The sample size

of our meta-analysis was 704 participants, which exceeds the required
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FIGURE 4

90-day mortality. 90-day mortality is a negative outcome for patients receiving rescue stenting. (A) Summarizes the proportion of 90-day mortality. (B)

Shows the comparison of stenting with non-stenting in the proportion of 90-day mortality, and a lower OR indicates a better result for the stenting arm.

OR, odds ratio.

information size. Figure 5 also shows that the difference between

stenting and non-stenting in the proportion of 0–2 mRS score was

evident since the cumulative Z curve had crossed conventional

boundaries—the result was in favor of the stenting arm.

Discussion

Whether rescue stenting should be recommended for patients

with acute stroke having a failed mechanical thrombectomy is still

controversial. We performed a systematic review to evaluate current

evidence and a meta-analysis incorporating TSA analysis to examine

the benefit of rescue stenting and estimate whether the primary

result has a sufficient sample size. First, we found that stenting had

a high recanalization rate and was beneficial for patients after the

failure of mechanical thrombectomy. The pooled recanalization rate

of stenting was 82%; the proportion of patients with a 0–2 mRS score

was 51% after receiving stenting, and patients receiving stenting had

a significantly higher rate of achieving a 0–2 mRS score—indicating

a good outcome of functional capability. The other outcomes—

sICH rate and 90-day mortality rate—supported the use of stenting,

which was associated with a significantly lower 90-day mortality but

did not cause a higher rate of sICH. Second, we confirmed that

current evidence is of sufficient power to detect a 15% difference

in the proportion of patients achieving a 0–2 mRS score. This

finding indicated that the advantage of stenting is confirmed when

compared with non-stenting, since the ratio difference in achieving

a 0–2 mRS score between stenting and non-stenting exceeded 15%

(a pooled OR of 3.96 and an estimated ratio difference of 31% in

our meta-analysis). To the best of knowledge, our study was the first

to adopt the TSA analysis to confirm whether rescue intracranial

stenting was effective for acute ischemic stroke after the failure

of MT.

The results of our meta-analysis were consistent with the

previously published systematic reviews with meta-analysis (6–9).

These systematic reviews concluded that rescue stenting might be

an effective treatment for patients who had failed MT procedures.

However, all these reviews mentioned the same limitations—the

small sample sizes and the observational design of the included

studies. After the publication of these reviews, two studies with

larger sample size and with a matched-analysis design to balance

the baseline characteristics were published (10, 12). One study

published in 2022 had the largest sample size on this topic (12), and

it adopted a propensity score matching analysis—leading to more

balanced baseline parameters in the stenting and non-stenting arms,

which provided more accurate estimates than previous studies. We

therefore performed a TSA analysis, which had not been studied in

previous systematic reviews, to clarify whether current evidence had

a sufficient sample size and statistical power. The TSA model was

developed to address statistical problems that arise with multiplicity

due to repeated significance testing (31). One study reported that a

cumulative chance of a type-I error became 8, 14, 25, and 37% when

the statistical hypothesis was repeatedly tested for two, five, twenty,

and 100, respectively (13). In that case, our meta-analysis would have

the risk of type-I error increasing to at least 14% if we did not perform

a TSA to confirm the main findings. Our TSA analysis showed that,

for the proportion of patients achieving a 0–2 mRS score, the results

of the meta-analysis had a sufficient sample size and statistical power
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FIGURE 5

TSA analysis on the mRS score. mRS score of 0–2 is a positive outcome for patients receiving rescue stenting. The x-axis ticks refer to the studies added

sequentially into the analysis. The blue curve was the adjusted Z-curve, and it crossed the dark-red horizontal line (conventional boundary for α = 0.05).

The vertical red line shows the required information size—the needed sample size for a robust result with su�cient statistical power. The analysis

included 704 participants, which exceed the required information size (n = 442). mRS, modified Rankin Scale; TSA, trial sequential analysis.

(80%) to reject a null hypothesis at the level of 0.05, which confirmed

the robustness of results.

Several adjunct options for failed MT were proposed, including

antiplatelet glycoprotein IIb/IIIa inhibitors, intracranial angioplasty,

and rescue stenting (5). Glycoprotein IIb/IIIa inhibitors were

normally used as adjunctive salvage interventions for early vessel

reocclusion. However, it was not recommended in the management

of acute ischemia stroke, since it was associated with a significant

risk of intracranial hemorrhage with no evidence of any reduction

in death or disability in survivors (32). Intracranial angioplasty,

performed with the expansion of a balloon, was normally followed by

stenting to prevent vessel reocclusion after reperfusion was achieved.

Intracranial angioplasty with stenting was more frequently selected

than glycoprotein IIb/IIIa inhibitors alone, according to a north

American cohort (5).

The rescue stenting requires antiplatelet medications to prevent

in-stent thrombosis and vessel reocclusion. Antiplatelet medications

may increase the probability of sICH, especially in patients with

large infarct volumes. Our meta-analysis showed that stenting did

not increase the risk of sICH when compared with non-stenting

(OR 0.63, 95% CI 0.39–1.04). The finding was consistent with

previous systematic reviews (7, 9) and a recent large-scale cohort (12).

This finding should be further confirmed in randomized controlled

trials, since participants who chose non-stenting treatments might

be at higher risk of intracranial hemorrhage—for example, they

might choose a higher dose of antiplatelet medication to manage

reocclusion or deterioration of stenosis, which might lead to a higher

risk of intracranial hemorrhage.

Our study had limitations. First, the observational design of

the included studies would be affected by confounding factors.

Although the recent large-scale matched analysis provided a more

robust estimation of the effect of rescue stenting for this condition,

the results were still under the risk of confounding bias. The

matched analysis, normally propensity score matching analysis,

could only adjust for known and measured factors. Randomized

controlled trials are still the best solution for unmeasured factors

that might cause bias in estimation. Second, the follow-up period

is short. In most studies, the mRS score and mortality rate were

only assessed for 90 days. In future studies, a follow-up period

longer than 1 year might provide essential information for patients

and clinicians in making their decision on whether permanent

stenting should be preferred. Third, owing to the limited number

of the includes studies and limited baseline information, we did

not conduct subgroup analysis concerning region, study design or

tPA factors.

In conclusion, our meta-analysis showed that rescue stenting was

effective and safe for patients with ischemia stroke who also had a

failed MT, and this result was confirmed in a TSA analysis—showing

that the analysis had a sufficient sample size and statistical power for

the mRS outcome.
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Background and purpose: The best method for selecting patients with acute

vertebrobasilar artery occlusion (VBAO) who would benefit from endovascular

treatment (EVT) is still the key question. This study aimed to assess the e�cacy of

magnetic resonance imaging (MRI) for selecting patients with acute VBAO for EVT.

Materials and methods: A total of 14 patients with suspected acute VBAO on MR

angiography (MRA) in the EVT database (from April 2016 to August 2019) were

enrolled. Acute Stroke Prognosis Early Computed Tomography Score (ASPECTS)

and pons–midbrain index were assessed on di�usion-weighted imaging (DWI). EVT

included a stent retriever and a rescue treatment (angioplasty and/or stenting). The

proportion of successful reperfusion and favorable functional outcomes (modified

Rankin Scale ≤3) at 90 days was documented.

Results: A total of 11 patients were included in the final analysis. The median DWI-

ASPECTS and pons–midbrain index were 7 and 2, respectively. Underlying stenosis

was detected in 10 of 11 (90.9%) patients. Balloon angioplasty and/or stenting were

used as rescue therapy for five patients and two patients, respectively. A total of nine

patients (81.8%) achieved successful reperfusion (mTICI, 2b, or 3). The 90-day mRS

score of 0–3 was achieved in six (54.5%) patients. The mortality rate within 90 days

was 18.2% (two of 11 patients).

Conclusion: DWI plus MRA could help select the patients with acute VBAO for EVT

by assessing ASPECTS and the pons–midbrain index. Patients could achieve good

reperfusion and favorable functional outcomes.

KEYWORDS

endovascular treatment, ischemic stroke, mechanical thrombectomy, di�usion-weighted

imaging (DWI), acute vertebrobasilar artery occlusion

Introduction

Basilar artery occlusion accounts for 5%−10% of all proximal intracranial occlusions and is

associated with severe disability and death in up to 80% of patients, despite recent advances in

the treatment of acute stroke (1). Recently, multiple randomized trials have shown the benefit

of early recanalization with mechanical thrombectomy for treating acute ischemic stroke (AIS)

due to large-vessel occlusion in the proximal anterior circulation (2). The result of endovascular

treatment (EVT) for vertebrobasilar artery occlusion (VBAO) is still controversial.
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Two preceding randomized trials, the Basilar Artery Occlusion

Endovascular Intervention vs. Standard Medical Treatment

(BEST) trial (3) and Basilar Artery International Cooperation

Study (BASICS) trial (4), for comparing EVT vs. best medical

management did not demonstrate significant differences in

favorable functional outcomes at 90 days between the two

groups. However, two recent randomized trials from China,

namely, the Basilar Artery Occlusion Chinese Endovascular trial

(BAOCHE) (5) and Endovascular Treatment for Acute Basilar

Artery Occlusion(ATTENTION) (6), were reported with better

functional outcomes and reduced mortality for EVT over best

medical therapy alone. The best method for selecting patients

with acute VBAO who would benefit from EVT is still the

key question.

Imaging with the Acute Stroke Prognosis Early Computed

Tomography Score (ASPECTS) was often used to identify patients

who were most likely to be benefited from EVT in most trials

(7, 8). In addition to ASPECTS, ischemic regions were also

related to functional outcomes (9). Patients with acute VBAO

could present with various symptoms from dizziness to coma,

depending on the degree of involvement of the brainstem (10),

even with similar ASPECTS. The pons–midbrain index was used to

assess the degree of involvement of the brainstem in some studies

(11, 12). Diffusion-weighted imaging (DWI) was regarded as the

diagnostic “gold standard” for patients with posterior circulation

(pc) stroke (12). Better imaging of the brainstem by DWI could

help select a suitable patient for EVT. The combined use of the

pc-ASPECTS and pons–midbrain index might help selection for

the treatment of acute VBAO for EVT. We report a case series

of AIS due to acute VBAO diagnosis with DWI and treated

with EVT.

Methods

Patient selection

We reviewed our endovascular treatment (EVT) database (from

April 2016 to August 2019) for patients with AIS. All patients

signed informed consent before the operation. We included data

of consecutive patients with AIS if they fulfilled the following

criteria: (1) age 18–85 years; (2) symptoms suggest acute posterior

ischemic stroke ≤24 h; (3) pre-stroke modified Rankin Scale

(mRS) score ≤2; (4) baseline NIHSS ≥6; (5) an ability to

provide informed consent. Patients were excluded from the study

in the case of (1) being allergic to iodized contrast medium

and unable to complete DSA examination; (2) without MR

examination before EVT; (3) having acute cerebral hemorrhage; and

(4) pregnancy.

This observational study was approved by the local

institutional ethics committees. Demographics, clinical

findings, imaging data, and risk factors such as hypertension,

hyperlipidemia, diabetes mellitus, cigarette smoking, and

atrial fibrillation were noted. After admission, the National

Institutes of Health Stroke Scale (NIHSS) score of patients

before thrombectomy was evaluated by stroke experts.

The NIHSS score of patients with unconscious/coma was

38. The NIHSS score at admission and time information

were documented.

Imaging evaluation

Brain computer tomography (CT) scans were acquired for

all patients upon hospital admission to exclude intracranial

parenchymal hemorrhage or subarachnoid hemorrhage. The

MRI modalities included two sequences: DWI and MRA. The

ischemic core was assessed on DWI, and the pc-ASPECTS

and the pons-midbrain index was calculated on DWI by two

independent stroke experts. The site of VBAO was evaluated

on MRA and confirmed on digital subtraction angiography

(DSA). The degree of VBAO recanalization of patients

submitted to endovascular treatment was classified using

the modified Thrombolysis in Cerebral Infarction (mTICI)

by two experienced neuroradiologists who were blinded to

clinical outcome.

Procedures

In this study, patients received intravenous alteplase within 4.5 h

or intravenous urokinase within 6 h of stroke symptom onset. EVT

was performed under either conscious sedation or general anesthesia

according to the clinical condition of each patient.

A stent retriever was the preferred device for thrombectomy.

Balloon angioplasty and/or stenting of the vertebral artery or basilar

artery was allowed in the case of persistent occlusion or high-

grade stenosis after thrombectomy. For patients without prior use of

antiplatelet therapy, an antiplatelet loading dose (aspirin 300mg +

clopidogrel 300mg) was given when the decision to proceed to stent

placement was made. The successful reperfusion was defined as an

mTICI 2b (50%−99% reperfusion) or 3 (complete reperfusion) at the

end of all endovascular procedures. The maximum number of passes

for devices was done according to the manufacturer’s instructions.

Follow-up and outcome

The primary outcome was the proportion of patients achieving

successful post-procedure reperfusion (mTICI 2b-3), and favorable

outcomes were defined as mRS score of 0–3 (with 0 meaning no

symptoms, 1 able to do all usual activities, 2 able to look after own

affairs without assistance but unable to do all previous activities, and

3 requires some help but able to walk unassisted) at 90 days. The

secondary endpoints included functional independence (mRS score

0–2) at 90 days, and symptomatic intracranial hemorrhage (defined

as evidence of intracranial hemorrhage on brain CT and an increase

of 4 or more points on the NIHSS within 24 h).

Statistical analysis

The intraclass correlation coefficient (ICC) with 95% confidence

intervals (CIs) was used to assess the intraobserver or interobserver

reliability for the evaluation of DWI-ASPECTS and pons–midbrain

index. Cohen’s k-statistic was computed to assess the observer

reproducibility. Continuous variables were presented as mean

± standard deviation (SD) or median with interquartile range

(IQR). Categorical variables such as male sex, risk factors, and
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degree of stenosis were presented as percentages. SPSS 11.5 (SPSS,

Inc., Chicago, IL) was used as the statistical analysis software.

All reported p-values were two-sided, and p-values < 0.05 were

considered significant.

Results

The data of 14 patients with suspected acute VBAO on MRA

were reviewed. One patient with suspicious acute VBAOonMRAwas

finally diagnosed with severe stenosis of the basilar artery by DSA and

excluded from this study. In total, 13 patients were finally confirmed

as acute VBAO by DSA. Among these patients, two patients without

management with EVT were also excluded in the final analysis due to

unavailable arterial access to the bilateral vertebral arteries including

one patient with chronic occlusion in the bilateral vertebral artery and

another patient with chronic occlusion in the right vertebral artery

and left vertebral artery hypoplasia. Eleven patients were included

in the present analysis. The mean age was 56.9 ± 5.7 years, and

eight (72.7%) were male patients. The most common baseline risk

factors for stroke included hypertension (n = 10, 90.9%), diabetes

mellitus (n = 6, 54.5%), cigarette smoking (n = 5, 45.5%), and atrial

fibrillation (n = 0). The median initial NIHSS score was 20 (IQR:

8–38). One of 11 (9.1%) patients received intravenous thrombolysis

with tPA.

The median DWI-ASPECTS was 7.0 (IQR, 6.0–7.0) with high

intraobserver (ICC:0.977, 95% CI: 0.916–0.994) and interobserver

agreement (ICC: 0.936, 95% CI: 0.763–0.983). An ischemic stroke

involving the brainstem was found in nine patients with the

median pons–midbrain index 2 (IQR: 2–3) with high intraobserver

(ICC:0.966, 95% CI: 0.875–0.911) and interobserver agreement (ICC:

0.958, 95% CI: 0.843–0.989; Table 1, Figure 1).

Among the 11 patients, the median time from stroke onset

to reperfusion was 487.5min (IQR: 316.3–898.5min). The

median time from a puncture to successful recanalization was

36.5min (IQR: 18.0–71.8min). The median procedure time

for patients with rescue therapy was 71.0min (IQR: 55.5–

86.5min), which is longer than the median procedure time for

patients without rescue therapy [19.0min (IQR: 14.5–24.0) min,

p= 0.009].

A stent retriever (Solitaire AB device) was used for all 11 patients.

Underlying intracranial atherosclerosis (ICAS) was detected in 10 of

11 (90.9%) patients, including moderate stenosis in two patients, and

severe stenosis in eight patients. Balloon angioplasty and/or stenting

were then used as rescue therapy for four patients and two patients,

respectively. Among the 11 patients treated with EVT, seven (63.6%)

used a stent retriever (Solitaire AB device) alone, two (18.2%) were

treated with EVT plus basilar or vertebral artery balloon angioplasty,

and two (18.2%) were treated with EVT plus balloon angioplasty and

stent (Table 1).

A total of ten patients (90.9%) achieved successful reperfusion

(mTICI, 2b or 3). One patient did not achieve successful reperfusion

(mTICI, 0) after multiple thrombectomy. The 90-day mRS score

of 0–2 and 0–3 was achieved in four (36.4%) patients and six

(54.5%) patients, respectively. The mortality rate within 90 days was

18.2% (two of 11 patients). Intracranial parenchymal hemorrhage and

subarachnoid hemorrhage were found in one patient (9.1%) and two

patients (18.2%), respectively.

Discussion

This study showed that MRI with DWI and MRA could identify

the occluded intracranial arteries and assess the ischemic size

(ASPECTS) and regions (pons–midbrain index) for the patients with

suspicious acute VBAO. Mechanical thrombectomy with a stent

retriever plus rescue therapy (balloon angioplasty and/or stenting),

when necessary, could quickly and effectively restore blood flow to

the brain and improve the prognosis of patients with acute VBAO in

the real world.

Previous studies showed ischemic core volume was

independently associated with functional independence (13, 14). The

optimal imaging methods for selecting patients who might benefit

from EVT in acute ischemic stroke included CTP and DWI (15, 16).

RAPID software could be used to assess the ischemic core in some

large studies (7, 16) but might be unavailable in many hospitals

due to its high price. ASPECTS was correlated with ischemic core

volume and is often used for assessing the ischemic core in the real

world (7, 15, 16). DWI was more sensitive than CT for detecting

acute ischemic stroke (17). The pc-ASPECTS and pons–midbrain

index could be evaluated on DWI with high intraobserver and

interobserver agreement, which could help in the selection of

suitable patients for EVT.

The stroke causative mechanism included ICAS,

cardioembolism, and other or unknown reasons (17). ICAS-

related occlusions were reported more frequently in the Asian

population than in the Western population (3, 5, 6, 18), with unique

risk factors. In the study, atherosclerotic risk factors were more

frequently detected than atrial fibrillation (n = 0). The preoperative

diagnosis of ICAS-related occlusion was still difficult with current

imaging modalities. Residual stenosis of 50% or more after initial

thrombectomy, or intraprocedural restenosis or reocclusion in the

procedure was regarded as accepted diagnostic criteria of underlying

ICAS-related occlusion (19, 20). Furthermore, the prevalence of

ICAS-related vertebrobasilar occlusion was higher compared with

anterior circulation, especially in Chinese patients (BEST, 52%;

ANGEL-ACT Registry, 51%) (3, 18). In this study, underlying severe

and moderate vertebrobasilar stenosis was found in eight (72.7%)

and two (18.2%) of the 11 patients, respectively.

A stent retriever is recommended as the first-line device for

mechanical thrombectomy. However, for the patients with IACS-

related occlusion, good reperfusion might fail to be achieved by a

stent retriever alone, possibly because of new thrombus formation

induced by intimal injury from the passage of the stent retriever.

The stent retriever could damage the plaque surface, resulting

in increased platelet activation and thrombus formation, even

reocclusion. Angioplasty and/or stenting have been considered

as a rescue treatment for ICAS-related occlusions refractory to

thrombectomy (18–21). In this study, four of eight patients with

underlying severe stenosis could not achieve satisfactory reperfusion

after initial stent retriever thrombectomy and received angioplasty

and/or stenting.

In this study, the time from onset to reperfusion and the time

from door to reperfusion were slightly longer than in the previous

studies. The following reasons could help explain the findings.

The procedure time would be longer for the patients with rescue

therapy than for the patients without rescue therapy. A meta-analysis

of studies of thrombectomy for ICAS-related occlusions showed
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TABLE 1 Procedural-associated characteristics of the patients.

Patient
no.

Occlusion
site

Underlying
site of
stenosis

DWI-regions DWI-
aspects

Pons-
midbrain-

index

Pretreatment
NIHSS

Onset-to-
reperfusion
time (min)

Treatment
with IVT

Endovascular
treatment

mTICI mRS on
90-days

1 BA 50% L-pon, R-cerebellum 7 2 8 363 No Solitaire 2b 0

2 BA 78% B-pon, R-cerebellum 7 2 7 1074 No Solitaire+

angioplasty+

apollo stent

3 0

3 BA — B-pon, L-midbrain 6 4 8 No Solitaire 0 6

4 BA 80% R-pon, R-cerebellum 7 3 12 328 No Solitaire 2b 1

5 BA 80% B-pon, R-occipital lobe 7 4 38 1226 No 2Solitaire+

angioplasty

2b 4

6 Left V+ BA 70% B-pon, B-cerebellum 6 2 38 840 No Solitaire+

angioplasty

2a 6

7 BA 70% L-pon, R-PCA territory 7 2 11 218 No Solitaire 2b 3

8 Left V4+ BA 70% R-pon, L-ganglion,

B-cerebellum, B-PCA

territory

3 2 20 509 No Solitaire 2b 3

9 BA 75% B-pon, B-cerebellum,

L-PCA territory

5 3 20 804 No Solitaire+

angioplasty+

stent

2b 5

10 BA 80% L-ganglion,

R-cerebellum, R-PCA

territory

7 0 38 281 No Solitaire 3 5

11 Right V4 50% L-ganglion,

L-cerebellum, L-PCA

territory

7 0 24 466 Yes Solitaire 3 2

BA, basilar artery; DWI, diffusion-weighted imaging; ASPECTS, Acute Stroke Prognosis Early Computed Tomography Score; NIHSS, National Institutes of Health Stroke Scale; mTICI, modified Thrombolysis in Cerebral Infarction; mRS, modified Rankin Scale.
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FIGURE 1

Endovascular treatment (EVT) for a patient with higher National Institutes of Health Stroke Scale (NIHSS) score: 20 and lower Acute Stroke Prognosis Early

Computed Tomography Score (ASPECTS). Magnetic resonance angiography displayed the right internal carotid artery occlusion [(A), arrow] and the

vertebrobasilar artery occlusion [(B), black arrow]. Di�usion-weighted imaging showed multiple acute ischemic stroke in posterior circulation involving

the right pons [(C), white arrow], bilateral cerebellum [(C), black arrow], bilateral occipital lobe [(D), black arrow], and left ganglion [(E), white arrow]. The

Acute Stroke Prognosis Early Computed Tomography Score (ASPECTS) and pons–midbrain index were 3 and 2, respectively. Based on the findings of DWI

and MRA, the left vertebral and basilar artery was diagnosed as the “criminal” artery. Digital subtraction angiography (DSA) confirmed the artery occlusion

for the left vertebral and basilar artery [(F, G), white arrow). Endovascular treatment was performed with a stent retriever (H), resulting in successful

reperfusion with the modified thrombolysis in cerebral infarction 2b (I). The modified Rankin Scale (mRS) score was 3 at 90 days.

atherosclerotic occlusions were associated with longer procedure

times than non-atherosclerotic occlusion (20). In addition, diffusion

MRI-selected patients for EVT were associated with a longer time

than CTP-selected patients (15).

Our study has several limitations. First, this was a retrospective

study with a small number of patients. A larger cohort study

would be performed in the future. Second, there was no

control group of patients for assessing the safety and efficacy

of EVT.

Conclusion

MRI with DWI andMRA could identify the occluded intracranial

arteries and assess the ischemic size (ASPECTS) and regions (pons–

midbrain index) for the patients with suspicious acute VBAO.

Mechanical thrombectomy with a stent retriever, combined with

rescue treatment of angioplasty and/or stenting, could achieve good

reperfusion and favorable functional outcome for patients with

acute VBAO.
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Necessity and timing of
angioplasty in acute large-vessel
occlusion strokes due to
intracranial atherosclerotic
disease: A cohort analysis with
data from the angel-ACT registry

Yiming Deng1,2,3†, Yunchu Yao4†, Xu Tong1,2,3, Yue Yin1,

Anxin Wang2,3,5, Yijun Zhang2,3,5, Baixue Jia1,2,3, Xiaochuan Huo1,2,3,

Gang Luo1,2,3, Ning Ma1,2,3, Dapeng Mo1,2,3, Ligang Song1,2,3,

Xuan Sun1,2,3, Feng Gao1,2,3* and Duanduan Chen4,6* on behalf of

the ANGEL-ACT Study Group

1Department of Interventional Neuroradiology, Beijing Tiantan Hospital, Capital Medical University,

Beijing, China, 2China National Clinical Research Center for Neurological Diseases, Beijing, China,
3Center of Stroke, Beijing Institute for Brain Disorders, Beijing, China, 4School of Life Science, Beijing

Institute of Technology, Beijing, China, 5Department of Neurology, Beijing Tiantan Hospital, Capital

Medical University, Beijing, China, 6School of Medical Technology, Beijing Institute of Technology,

Beijing, China

Background: The e�ects of angioplasty on intracranial atherosclerotic disease

(ICAD)-related acute large-vessel occlusion stroke (LVOS) are unknown. We

analyzed the e�cacy and safety of angioplasty or stenting for ICAD-related LVOS

and the optimal treatment duration.

Methods: Patients with ICAD-related LVOS from a prospective cohort

of the Endovascular Treatment Key Technique and Emergency Work Flow

Improvement of Acute Ischemia Stroke registry were classified as follows: the

early intraprocedural angioplasty and/or stenting (EAS) group was defined as

the strategy using angioplasty or stenting without mechanical thrombectomy

(MT) or one attempt of MT; the non-angioplasty and/or stenting (NAS) group,

MT procedure without any angioplasty; and the late intraprocedural angioplasty

and/or stenting (LAS) group, using same angioplasty techniques following two

or more passes of MT. The primary endpoint was the modified Rankin Scale

(mRS) score at 90 days. Other e�cacy outcomes included mRS scores 0–1, mRS

0–2, and successful recanalization. Death within 90 days, and symptomatic ICH

were safety endpoints. We use propensity score method to diminish the e�ect

of treatment-selection bias. The odds ratio of recanalization rate and mRS score

among EAS, NAS, and LAS groups were examined by unadjusted and adjusted

logistic regression analysis among unweighted samples and inverse probability of

treatment weighting (IPTW) samples.

Results: We divided 475 cases into three groups. Functional outcomes at 90 days

were better in the EAS group than in the NAS and LAS groups. The proportion

of mRS 0–1, mRS 0–2, and successful recanalization cases were the highest

in the EAS group. However, after IPTW, mortality rate among the three groups

were similar (EAS vs. NAS vs. LAS: 19.0 vs. 18.1 vs. 18.7%, p = 0.98) as well as
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symptomatic intracranial hemorrhage within 24h however, mortality rate and

symptomatic intracranial hemorrhage among the three groups were similar.

Logistic regression analysis in unweighted samples and IPTW samples both

showed that EAS group had better outcomes. IPTW-adjusted logistic regression

analysis demonstrated that the EAS group had better outcomes (mRS 0–1) than

the NAS group (adjusted odds ratio [aOR], 0.55; 95% confidence interval [CI]:

0.34–0.88, p = 0.01) and LAS (aOR, 0.39; 95% CI: 0.22–0.68, p = 0.001).

Conclusions: Angioplasty and/or stenting should be performed at an early stage

for ICAD-related acute LVOS.

Registration: URL: https://www.clinicaltrials.gov; Unique identifier:

NCT03370939.

KEYWORDS

acute large-vessel occlusion strokes, intracranial atherosclerotic disease, e�cacy, safety,

angioplasty

Introduction

Mechanical thrombectomy (MT) is gaining popularity as

the gold standard for the treatment of patients with acute

large-vessel occlusion strokes (LVOS) owing to its efficacy in

different stroke types (1–4). Compared with embolic etiologies,

intracranial atherosclerotic disease (ICAD) remains a huge

therapeutic challenge because MT alone does not effectively

resolve the underlying atheromatous plaque, thus often requiring

angioplasty or stenting as mechanical rescue treatment (5–7).

Unfortunately, in situ atherothrombotic occlusions are more

commonly encountered in non-white populations and patients

with diabetes and hypertension (8, 9).

Previous studies have demonstrated the safety and efficacy

of direct and emergency angioplasty, and/or stenting after

thrombectomy in certain patients with ICAD-related LVOS (10–

12). However, no conclusions have been attained regarding whether

angioplasty should be used in ICAD-related LVOS. Here, we aimed

to assess both the necessity and optimal timing of angioplasty or

stenting for ICAD-related acute LVOS by describing the safety and

efficacy of different endovascular strategies.

Methods

Study population

LVOS patients receiving MT were selected from the

Endovascular Treatment Key Technique and Emergency Work

Flow Improvement of Acute Ischemic Stroke (ANGEL-ACT)

database (ClinicalTrials.gov Identifier: NCT 03370939), a

prospective nationwide registry of 1,793 continuous patients in

111 hospitals from 26 provinces of China between November

2017 and March 2019 (13). Patients with ICAD-related LVOS

were included in the registry. The exclusion criteria were as

follows: (1) without EVT medical records; (2) without the TOAST

classification appraisal; and (3) with small-vessel occlusion and/or

cardioembolism without ICAD.

The study was approved by the Ethics Committees of

the Beijing Tiantan Hospital and all participating centers.

All procedures were conducted in accordance with the 1964

Declaration of Helsinki and subsequent amendments. Written

informed consent from all patients or their legally authorized

representatives was obtained.

Data collection

Data on the baseline demographic characteristics (age and

sex), medical history (hypertension, atrial fibrillation, diabetes

mellitus, current smoking, antiplatelet agents, and anticoagulants),

clinical characteristics (onset-to-door time, systolic blood pressure,

Alberta Stroke Program Early Computed Tomography Score,

National Institutes of Health Stroke Scale and intravenous

thrombolysis), site of intracranial occlusion location, presence of

tandem occlusion, type of anesthesia, and premorbid Modified

Rankin Scale (mRS) scores were recorded.

Endovascular treatment and classification
of strategy

Either local anesthetic or general anesthetic was utilized for the

procedure depending on the patient’s cooperation and condition.

If no contraindications were available, intravenous thrombolysis

was performed before MT. After digital subtraction angiography,

the neurointerventionist decided optimal strategy and materials for

endovascular therapy.

The type of surgical strategy depends on the surgical

situation and personal experience of neurointerventionists.

Different strategies for in situ stenosis include balloon expansion

angioplasty only (Gateway, Stryker, Kalamazoo, MI, USA; Neuro-

RX SINOMED, Tianjin, China), balloon-mounted stents only

(Apollo, MicroPort, Shanghai, China), balloon-mounted stents,

or self-expanding stents (Wingspan or EZ, Stryker, Kalamazoo,

MI, USA; Solitaire AB, Medtronic, Minneapolis, Minnesota, USA;
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Enterprise, Codman & Shurtleff Inc., Miami, FL, USA) after

balloon expansion.

ICAD-related LVOS was divided into three groups based

on the different treatment strategies. The early intraprocedural

angioplasty and/or stenting (EAS) group was defined as the strategy

involving balloon angioplasty alone, balloon-mounted stenting, or

self-expanding stent after either no or one single pass of MT.

The non-angioplasty and/or stenting (NAS) group was defined as

undergoing the MT procedure without any angioplasty (including

multiple passes of MT). Moreover, the late intraprocedural

angioplasty and/or stenting (LAS) group was defined as the strategy

of balloon angioplasty alone, balloon-mounted stenting, or self-

expanding stent after two or more passes of MT.

Outcome measures

Clinical outcomes included both efficacy and safety

assessments, and all data were recorded by experienced

investigators. We considered the functional outcome at 90-days

post procedure (90-daymRS score) as the primary efficacy endpoint

(Supplementary material). Meanwhile, mRS 0–1, mRS 0–2, and

mRS 0–3, and successful recanalization—defined as the modified

thrombolysis 2b/3 in cerebral infarction (14)—were considered

as the secondary efficacy outcomes. Death within 90 days,

symptomatic ICH were considered safety endpoints according

to the Heidelberg Bleeding Classification (15). We also recorded

procedure-related complications including intraprocedural

embolization, arterial dissection, arterial perforation, and

vasospasm requiring treatment.

Statistical analysis

Data were recorded in standard forms and double-keyed into

the EpiData statistics document. For continuous and ordinal

variables, data are presented as medians (interquartile ranges

[IQRs]), and for categorical variables, data are expressed as

numbers (percentages). The student t-test was used for parametric

data, while the non-parametric test (Mann–Whitney U-test) was

used to compare the mean or median, respectively; Fisher’s

exact test or Pearson’s chi-square test was used to compare the

proportions or frequencies, respectively.

We used propensity scores to account for potential

confounding factors and derive IPTW. The propensity score

was estimated using a logistic regression model in which

treatment assignment (EAS, NAS, and LAS) was regressed on the

following covariates: demographic characteristics, hypertension,

systolic blood pressure, atrial fibrillation, baseline NIHSS score,

baseline ASPECTS score, presence of tandem occlusion, and

type of anesthesia. Standardized mean differences were used to

assess between-group balance of baseline characteristics, and a

standardized mean difference smaller than 10% was considered

insignificant difference.

We performed univariable logistic regression analysis,

multivariable logistic regression analysis as well as IPTW-adjusted

multivariable logistic regression analysis. The adjusted odds ratios

FIGURE 1

Flow diagram of recruitment of patients with acute intracranial

atherosclerotic disease-related large-vessel occlusion stroke.

(aOR) with corresponding 95% confidence intervals (CI) were

determined using the multivariate logistic regression analysis to

compare successful recanalization and clinical outcomes at 90 days

between the three groups. We also evaluated the outcomes of EAS,

NAS, and LAS groups with 1:1 propensity score matching using

the nearest-neighbor method, however, the sample size was small

and the results were inconclusive. The outcomes after propensity

score matching differed significantly while P-value was still over

0.05 due to small sample size (Supplementary material). SAS

Version 9.4 (SAS Institute, Cary, NC, USA) was used to perform

statistical analysis.

Results

Baseline and procedural characteristics

Table 1 showed unweighted and IPTW baseline characteristics

of LVOS patients in EAS, NAS and LAS groups. Among the 1,793

participants in the Angel-ACT group, 475 cases met the inclusion

criteria (27.9%) and were divided into three groups: 194 (40.1%) in

the EAS group, 186 (40.3%) in the NAS group, and 95 (19.6%) in the

LAS group. The process of patient selection is shown in Figure 1.

The three groups showed baseline differences in age, sex,

preoperative systolic blood pressure, preoperative National

Institutes of Health Stroke Scale (NIHSS) score, Alberta Stroke

Program Early CT Score (ASPECTS), presence of tandem stenosis,

and type of anesthesia (Table 1). Generally, patients in the EAS
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TABLE 1 Baseline characteristics of EAS, NAS, and LAS groups before and after inverse probability of treatment weighting∗.

Unweighted sample (n = 475) IPTW sample (n = 430.65)

Variables EAS
(n =

194)

NAS
(n =

186)

LAS
(n = 95)

SMD EAS
(n =

150.15)

NAS
(n =

187.55)

LAS
(n =

92.95)

SMD

Demographic characteristics

Median age, y, median

(IQR)

61 (54–67) 65 (54–72) 60 (51–68) 0.198 63 (54–68) 61 (52–69) 60 (53–67) 0.098

Men 154 (79.4) 137 (73.7) 83 (87.4) 0.234 32 (21.0) 38 (20.1) 18 (18.8) 0.036

Medical history

Hypertension 144 (74.2) 113 (60.8) 55 (57.9) 0.211 91 (60.5) 120 (63.8) 59 (62.9) 0.045

Diabetes 41 (21.1) 41 (22.0) 22 (23.2) 0.067 25 (16.4) 42 (22.6) 22 (23.8) 0.123

Atrial fibrillation 6 (3.1) 31 (16.7) 6 (6.3) 0.306 18 (12.0) 18 (9.6) 9 (9.4) 0.054

Smoking 99 (51.0) 91 (48.9) 46 (48.4) 0.080 73 (48.4) 97 (51.8) 38 (41.1) 0.145

Antiplatelet agents 40 (20.6) 30 (16.1) 14 (14.7) 0.029 24 (16.2) 32 (17.0) 12 (13.1) 0.073

Anticoagulants 5 (2.6) 3 (1.6) 1 (1.1) 0.108 6 (4.1) 4 (2.1) 1 (0.8) 0.145

Clinical characteristics

Onset-to-door time, min,

median (IQR)

178 (77–340) 180 (80–330) 180 (88–341) 0.005 170 (61–294) 180 (70–330) 148 (57–284) 0.073

SBP, mmHg, median (IQR) 150

(137–168)

145

(130–160)

150

(132–172)

0.208 146

(132–164)

149

(132–165)

149

(130–164)

0.032

Baseline NIHSS score,

median (IQR)

14 (8–20) 16 (12–22) 16 (11–21) 0.084 17 (10–22) 16 (12–22) 15 (11–21) 0.090

ASPECTS, median (IQR) 8 (7–10) 9 (7–10) 8 (7–10) 0.109 8 (7–10) 8 (7–10) 8 (7–10) 0.033

IV thrombolysis before

procedure

53 (27.3) 36 (19.4) 22 (23.2) 0.175 46 (30.6) 36 (19.1) 23 (24.4) 0.179

Intracranial occlusion location 0.280 0.296

ICA 42 (21.7) 39 (21.0) 16 (16.8) 25 (16.4) 39 (20.9) 13 (14.0)

M1 81 (41.8) 84 (45.2) 39 (41.1) 68 (44.9) 85 (45.1) 44 (47.7)

M2 7 (3.6) 13 (7.0) 2 (2.1) 9 (5.9) 12 (6.2) 1 (1.1)

VA 63 (32.5) 45 (24.2) 36 (37.9) 48 (32.0) 47 (25.1) 33 (35.2)

Other 1 (0.5) 5 (2.7) 2 (2.1) 1 (0.8) 5 (2.7) 2 (2.0)

Presence of tandem

occlusion

49 (25.3) 27 (14.5) 22 (23.2) 0.148 27 (18.3) 37 (19.8) 17 (18.5) 0.026

Type of anesthesia 0.314 0.086

Local anesthesia only 81 (41.8) 86 (46.2) 24 (25.3) 58 (38.3) 74 (39.3) 32 (33.9)

Local anesthesia plus

sedation

84 (43.3) 75 (40.3) 50 (52.6) 67 (44.5) 81 (43.3) 46 (49.5)

General anesthesia 29 (15.0) 25 (13.4) 21 (22.1) 26 (17.2) 33 (17.5) 15 (16.6)

Premorbid mRS score 0.149 0.151

0 160 (82.5) 163 (87.6) 79 (84.0) 128 (85.4) 163 (87.1) 78 (83.9)

1 30 (15.5) 23 (12.4) 13 (13.8) 19 (12.7) 24 (12.9) 14 (14.9)

2 4 (2.1) 0 (0.0) 2 (2.1) 3 (2.0) 0 (0.0) 1 (1.2)

∗The numbers of patients in IPTW samples are not necessarily integers due to inverse probability weighting.

EAS, early angioplasty and/or stenting (n = 201); LAS, late angioplasty and/or stenting (n = 98); NAS, non-angioplasty and/or stenting (n = 202); IPTW, inverse probability of treatment

weighting; IQR, interquartile range; SMD, standardized mean difference; SBP, systolic blood pressure; NIHSS, National Institutes of Health Stroke Scale; ASPECTS, Alberta Stroke program

Early CT score; ICA, internal carotid artery; M1, M1 segment of the middle cerebral artery; M2, M2 segment of the middle cerebral artery; VA, vertebral artery; mRS, modified Rankin Scale.
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(mean age: 61 years) and LAS (mean age: 60 years) groups were

younger than those in the NAS group (mean age: 65 years), overall

p = 0.010; EAS group vs. NAS group: p = 0.01; EAS group vs. LAS

group: p = 0.65; and NAS group vs. LAS group: p = 0.02 (p-value

was shown in Supplementary material). The EAS (3.1%) and LAS

(6.3%) groups had a lower proportion of atrial fibrillation than the

NAS group (16.7%), overall p < 0.0001; EAS group vs. NAS group,

p < 0.0001; EAS group vs. LAS group, p= 0.20; NAS group vs. LAS

group, p = 0.02. The EAS group had lower NIHSS (EAS group: 14

vs. NAS group: 16 vs. LAS group: 16; overall p = 0.02; EAS group

vs. NAS group: p = 0.01; EAS group vs. LAS group: p = 0.05; NAS

group vs. LAS group: p = 0.81) and ASPETS (EAS group: 8 vs.

NAS group: 9 vs. LAS group: 8; overall p = 0.03; EAS group vs.

NAS group: p = 0.01; EAS group vs. LAS group: p = 0.81; NAS

group vs. LAS group: p= 0.08) than NAS group and higher systolic

blood pressure (EAS group: 150 mmHg vs. NAS group: 145 mmHg

vs. NAS group: 150 mmHg; overall p = 0.02; EAS group vs. NAS

group: p= 0.01; EAS group vs. LAS group: p= 0.74; NAS group vs.

LAS group: p = 0.07) than NAS group. The EAS group also had a

higher proportion of tandem occlusions than the NAS group (EAS

group: 25.3% vs. NAS group: 14.5% vs. NAS group: 23.2%; overall

p = 0.03; EAS group vs. NAS group: p = 0.01; EAS group vs. LAS

group: p= 0.70; NAS group vs. LAS group: p= 0.07).

The standardized mean differences (SMD) of baseline

characteristics of patients showed that the EAS, NAS, and LAS

groups differed in terms of demographic characteristics, medical

history, clinical characteristics, intracranial occlusion location,

type of anesthesia, and premorbid mRS score before inverse

probability of treatment weighting. We conducted IPTW to

account for confounding factors, and the baseline variables are

more balanced after IPTW. However, the SMD of diabetes,

smoking, anticoagulants, IV thrombolysis before procedure,

intracranial occlusion location and premorbid mRS score are still

over 0.1.

Outcomes measures

Clinical outcome assessments, including efficacy and safety

assessments, significantly differed among the three groups

(Table 2).

The safety assessments were similar among EAS, NAS,

and LAS groups. Mortality rate among the three groups were

similar (EAS vs. NAS vs. LAS: 19.0 vs. 18.1 vs. 18.7%, p =

0.98) as well as symptomatic intracranial hemorrhage within

24 h (EAS vs. NAS vs. LAS: 9.7 vs. 2.3 vs. 9.7%, p = 0.11;

Supplementary material).

After adjusting for age, sex, hypertension, atrial fibrillation,

systolic blood pressure, baseline NIHSS score, baseline ASPECTS

score as a continuous variable, presence of tandem occlusion, and

type of anesthesia, logistic regression analyses revealed that the

EAS group had better outcomes at 90 days than those of the

NAS and LAS groups (mRS 0–1: EAS group vs. NAS group, aOR,

0.54, 95% CI: 0.34–0.86, p = 0.009; EAS group vs. LAS group,

aOR, 0.41, 95% CI: 0.23–0.72, p = 0.002; mRS 0–2: EAS group

vs. NAS group, aOR, 0.54, 95% CI: 0.34–0.85, p = 0.01; EAS

group vs. LAS group, aOR, 0.46, 95% CI: 0.27–0.80, p = 0.01).

The recanalization rate was higher in the EAS than in the LAS

group (EAS group vs. LAS group, aOR, 0.28; 95% CI: 0.09–0.83,

p = 0.02; Table 2). And IPTW-adjusted logistic regression model

showed more distinguished outcome of EAS group which justified

our conclusion (mRS 0–1: EAS group vs. NAS group, aOR, 0.55,

95% CI: 0.34–0.88, p = 0.01; EAS group vs. LAS group, aOR,

0.39, 95% CI: 0.22–0.68, p = 0.001; mRS 0–2: EAS group vs.

NAS group, aOR, 0.54, 95% CI: 0.34–0.85, p = 0.01; EAS group

vs. LAS group, aOR, 0.45, 95% CI: 0.25–0.78, p = 0.004). The

recanalization rate was higher in the EAS than in the LAS group

(EAS group vs. LAS group, aOR, 0.16; 95% CI: 0.04–0.53, p= 0.02;

Table 2).

Discussion

To our knowledge, this is the first study to explore the

association between different endovascular treatment strategies

for angioplasty and functional prognosis in ICAD-related

LVOS. This study revealed two main findings as follows:

(1) performing angioplasty and/or stenting in patients with

acute ICAD-related LVOS compared to patients without

angioplasty is effective and safe; and (2) EAS is superior

to LAS.

First, our results suggest that angioplasty yields greater

benefits than does the choice to not undergo angioplasty. EAS

had better revascularization rates than NAS groups on the

final angiogram according to IPTW-adjusted logistic regression

analysis. Even with a longer time for door to revascularization,

the EAS group still exhibited better outcomes. However, the

complication rate is low. Previous retrospective studies have

identified better results with the performance of angioplasty

(11, 16, 17). One retrospective study confirmed that angioplasty

and/or stenting could be as the first-line treatment strategy

for patients with acute anterior large-vessel occlusion caused

by atherosclerosis (18). We considered urgent angioplasty

and/or stenting to be feasible for the following reasons.

Blood flow conditions can be maintained after angioplasty

treatment (16). The possible causes of acute LVOS due

to in situ stenosis include in situ thrombosis and proximal

cardiogenic or arterial-to-arterial embolus incarceration in the

stenosis (19). Thrombosis in situ, if the injured endothelium

is not treated with angioplasty, may repeatedly lead to

neovascularization and proximal embolus, if not relieved of

the cause, will still be dislodged and lead to re-occlusion.

Therefore, angioplasty can reduce re-occlusion in these

patients. Second, angioplasty does not increase the risk of

hyperperfusion bleeding (18). Finally, re-occlusion may occur

immediately even in cases where thrombolysis is successful, as

fibrinolytic agents may exacerbate the prothrombotic tendency of

atherosclerotic lesions.

This study also elaborates on the optimal timing for

first time angioplasty. Our results reveal that the outcomes

for angioplasty treatment, either without MT or after one

attempt pass of MT, is better than that after two or more

MTs, with mortality reduced by half. This may be because
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TABLE 2 Comparison of treatment e�ect of EAS, NAS, and LAS groups.

Parameter mTICI 2b-3 (mRS 0–1) at 90 d (mRS 0–2) at 90 d Mortality at 90 d

OR (95%
CI)

P OR (95%
CI)

P OR (95%
CI)

P OR (95%
CI)

P

Unadjusted estimates

NAS vs. EAS 0.39 (0.15–1.04) 0.06 0.56 (0.38–0.85) 0.006 0.54 (0.36–0.81) 0.003 1.84 (1.03–3.31) 0.04

LAS vs. EAS 0.31 (0.11–0.88) 0.03 0.40 (0.24–0.67) 0.001 0.44 (0.26–0.72) 0.001 2.06 (1.05–4.05) 0.04

Adjusted estimates∗

NAS vs. EAS 0.40 (0.14–1.12) 0.08 0.54 (0.34–0.86) 0.009 0.54 (0.34–0.85) 0.01 1.60 (0.84–3.05) 0.15

LAS vs. EAS 0.28 (0.09–0.83) 0.02 0.41 (0.23–0.72) 0.002 0.46 (0.27–0.80) 0.01 1.90 (0.93–3.89) 0.08

IPTW adjusted estimates∗†

NAS vs. EAS 0.25 (0.06–0.78) 0.03 0.55 (0.34–0.88) 0.01 0.54 (0.34–0.85) 0.01 1.08 (0.60–1.99) 0.79

LAS vs. EAS 0.16 (0.04–0.53) 0.01 0.39 (0.22–0.68) 0.001 0.45 (0.25–0.78) 0.004 1.25 (0.61–2.55) 0.54

mTICI, modified thrombolysis in cerebral infarction; OR, odds ratio; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale. Early angioplasty and/or stenting group

was used as the reference category.
∗Adjusted for age, sex, hypertension, systolic blood pressure, atrial fibrillation, baseline NIHSS score, baseline ASPECTS score as a continuous variable, presence of tandem occlusion, and type

of anesthesia.
†IPTW obtained after adjustment.

multiple MTs may lead to more severe vascular endothelial

injury, increasingly poorer outcomes, and significantly lower

recanalization rates. After multiple thrombectomies, the operative

time was significantly delayed, and prognosis worsened.

Simultaneously, more attempts at MT may lead to vascular

injury and significantly increased bleeding rates—resulting

in poor prognosis and increased mortality. Therefore, early

angioplasty can achieve more significant clinical outcomes than

late angioplasty. A study showed that in ICAD populations,

angioplasty and stenting had better efficacy than stent-retriever

(18). Unfortunately, no studies reported satisfactory results when

performing thrombectomy. After a single thrombectomy,

the embolus was clearly identified as an in-situ stenosis.

However, multiple thrombectomy passes causes negative

effects such as vascular plaque exposure, intimal damage,

and vasospasm.

Although MT has become the standard treatment for

acute intracranial arterial occlusion (20, 21), the treatment for

patients with ICAD is different from that for embolization.

Therefore, it is important to identify ICAD early. Although

ICAD is consistently associated with advanced age, the

risk of ICAD in young people should not be ignored (22).

Vascular risk factors for ICAD—including hypertension (23),

hypercholesterolemia, diabetes, and smoking—Gutierrez et al.

(24) can increase the patient’s risk. Thus, timely detection

and treatment of vascular risk factors is necessary to prevent

further disease development. ICAD diagnostic methods

include routine cerebral angiography, CT angiography

(CTA), magnetic resonance angiography, high-resolution

MRI, and transcranial Doppler ultrasound. Notably, MRI-

based high-resolution imaging can directly show state of

the intracranial arterial wall. Using these diagnostic imaging

techniques can help identify high-risk populations. However,

CTA has higher specificity and sensitivity for detecting

ICAD and is now the method of choice for diagnosing

ICAD in the United States (8). Briefly, ICAD should be

identified, and angioplasty should be administered as early

as possible.

In summary, angioplasty should be performed as early

as possible in ICAD-related LOVS. It is essential to identify

ICAD lesions before or after one MT pass. Current methods

include the first-pass effect (25) and artificial intelligence

(AI) technology (26). Once an ICAD lesion has been

identified, thrombectomy should be performed according

to the specific situation. MT should be performed first to

remove the thrombus surrounding the in-situ stenosis. We

also confirmed the presence and morphology of the stenosis

based on the shape of the stent. This study used the STROBE

cohortreporting guidelines.

This study had some limitations. Firstly, it was not a

randomized study and thus can only partly illustrate the issue.

Secondly, owing to the small, homogenous sample size and the

prevalence of ICAD in China, our results may not be generalizable.

Thus, future studies conducted on a wider scale with more

data are required to confirm our results. Finally, although our

results are controversial, angioplasty undeniably holds promise in

select patients.

In conclusion, angioplasty and/or stenting is effective and

safe and should be performed at an early stage of ICAD-related

acute LVOS. However, randomized controlled trials are required to

confirm this hypothesis.
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