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Abstract
Background: The objective of this study was to investigate and discuss the effect of direct angioplasty
therapy on acute middle cerebral artery occlusion (MCAO) patients with good leptomeningeal collateral
circulation in 4.5 hours. Methods: We retrospectively reviewed our acute ischemic stroke database from
January, 2017 to January, 2019, then selected consecutive patients with evidence of the proximal M1
segments of MCAO and good leptomeningeal collateral who have received angioplasty or mechanical
thrombectomy (MT). The baseline characteristics and outcome of patients was statistical analysis,
included age, gender and risk factors, baseline national institutes of health stroke scale (NIHSS) scores,
preoperative alberta stroke programme early CT (ASPECT) score, time from door to needle, time of door to
puncture, endovascular procedure time, 7d NIHSS score and the modi�ed treatment in cerebral infarction
(m-TICI) 2b or 3, symptomatic hemorrhage, average hospital stays, modi�ed rankin scale (mRS) score 0–
2 at 3-month and mortality. All the thrombi were analyzed by histopathology. All statistical analysis was
done with t test for continuous data and χ2 test for binary data. Results: A total of 93 patients were
included (direct angioplasty = 41 (44.1%), MT = 52 (55.9%)). There was no signi�cant difference in
baseline data between the two groups. The difference in the time of door to recanalization, the time of
puncture to recanalization, symptomatic hemorrhage, and average hospital stays were signi�cantly
different between groups (P<0.05). The other agents were not signi�cantly different between groups
(P>0.05 each). Histopathological analysis showed all thrombi contained different amounts of platelets,
�brinogen, white blood cell, and red blood cell. Conclusion: Direct angioplasty therapy on acute MCAO
with good leptomeningeal collateral may help to shorten the time of surgery, reduce symptomatic
hemorrhage, and hospital stay.

Background
Mechanical thrombectomy (MT) can signi�cantly improve the prognosis of patients with acute large
vessel occlusion stroke (LVOS) and reduce disability and mortality [1]. However, in the real world, the good
prognosis rate after MT is still low. A recent study has shown that its substantial reperfusion in 85.9%,
adverse events were symptomatic intracranial hemorrhage (sICH) in 6.7% of patients, and at discharge,
only 23.0% had functional independence (mRS 0–2) [2]. There is a mismatch between reperfusion of
blood �ow after MT and good prognosis. Whether it is a time window or a tissue window, shortening the
time of blood �ow recanalization and reducing operative cerebral hemorrhage are the most bene�cial
factors for improving the prognosis of acute ischemic stroke (AIS) [3, 4].

The optimal recanalization treatment, postoperative complications, and prognosis of acute vessels
occlusion due to cardioembolic or atherosclerosis-related in situ stenosis/occlusion may be completely
different [5]. Studies have shown that compared with cardiac embolism (CE), for large vascular occlusion
caused by large artery atherosclerosis (LAA), arterial thrombectomy is more likely to cause serious
complications such as symptomatic cerebral hemorrhage [6]. Previous study has shown that the pros
and cons of collateral circulation after cerebral artery occlusion may be a potential identi�cation method
[7]. Cerebral collateral circulation refers to the blood �ow through other blood vessels countercurrent
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when the cerebral vascular disease causes blood �ow to decrease or disappear, providing blood perfusion
to the ischemic brain tissue, so that the ischemic tissue receives different degrees of perfusion
compensation [8]. Among them, the leptomeningeal collateral circulation provides bidirectional blood
supply to the cerebral cortex, which is an important collateral pathway in the acute middle cerebral artery
occlusion (MCAO) [9]. The collateral circulation of CE is poorly compensated, while the collateral
circulation of the in-situ thrombus is well compensated [10]. Angioplasty has proven to be safe and
effective for artery stenosis or occlusion on account of LAA [11, 12].

A latest systematic review and meta-analysis found that atherosclerosis-related occlusions have a longer
rate of puncture to reperfusion and a higher percentage of balloon angioplasty or intracranial stenting is
performed to achieve successful revascularization [13]. Then, for the AIS probably caused by LAA in the
hyperacute phase, is it feasible to directly perform angioplasty therapy? Therefore, this study aimed to
explore the safety and e�cacy of direct angioplasty to acute MCAO with good leptomeningeal collateral.

Methods

Patients
From January, 2017 to January, 2019, consecutive patients with AIS who have received endovascular
therapy (ET) and met the criteria for inclusion were retrospectively reviewed: 1) ≥ 18 years; 2) acute
neurological symptoms within 4.5 hours; 3) computerized tomography (CT) scan excluded intracranial
hemorrhagic; 4) clinical diagnosis of AIS [1]; 5) a pre-treatment national institutes of health stroke scale
(NIHSS) score of ≥ 9; 6) a pre-stroke modi�ed Rankin Scale score (mRS) between 0–1; 7) no
contraindications for intravenous thrombolysis; 8) no hypersensitivity to iodinated contrast media; 9) the
M1 segments of MCAO con�rmed by digital substraction angiography (DSA); 10) with good
leptomeningeal collateral circulation, ASTIN/SIR [14] 2–4; 11) a consent form for revascularization was
signed [23].

Intravenous thrombolytic treatment with recombinant tissue plasminogen activator (rtPA) (Germany
Boehringer Ingelheim Pharmaceutical, Co., Ltd,) at a dose of 0.9 mg/kg. First, 10% of the intravenous
bolus was given within 5 minutes, and the rest was intravenously pumped within one hour.

Patients were evaluated based on baseline characteristics, including age, gender, vascular risk factors,
mRS, NIHSS score, and reperfusion therapy related variables. After diagnostic cerebral angiography,
different revascularization methods were performed according to random number table. Group A were
treated with direct angioplasty, the others (group B) were treated with MT.

Endovascular procedures
Sustained intravenous sedation at a rate of 1ug/kg (4ug/ml) (Dexmedetomidine Hydrochloride Injection,
Grand Pharmaceutical Co Ltd, China). The modi�ed seldinger technique was used to puncture the right
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femoral artery and place the 8F catheter sheath (Stryker, Fremont, California). The iodixanol (270 mg
I/mL, Iodixanol Injection, GE Healthcare Co Ltd, Ireland) was injected at an injection rate of 5 mL/s, in a
total amount of 10 ml into CCA, 3 mL/s and 6 ml in VA. The catheter was continuously �ushed with
pressurized heparinized saline (5000 U/liter) to prevent thrombosis.

Direct angioplasty
The 0.014-inch micro-guidewire (Boston Scienti�c, Natick, Massachusetts) and microcatheter (Ev3 Inc.,
Irvine, California) were carefully fed into the M3 segment through an 8F guiding catheter (Boston
Scienti�c, Natick, Massachusetts). The micro-guidewire was withdrawn, and the microcatheter
angiography showed smooth blood �ow at the distal end and revealed the distal end of the vessel
occlusion. Reinserting the micro-guidewire and withdrawing the microcatheter, an appropriately sized
balloon dilatation catheter (Gateway, Boston Scienti�c, Natick, Massachusetts) was delivered to the distal
end of the occlusion, and the position of the balloon was determined by angiography and then
pressurized (6–12 atm) by a pressure based on the condition of vasodilation. After the stenosis was
signi�cantly relieved, if the blood �ow can be maintained m-TICI grade of 2b or 3 for 10 minutes, the
operation was terminated, otherwise a neuroform EZ (Boston Scienti�c, Natick, Massachusetts) stent will
be placed in the vascular lesion. No subsequently remedial procedures were performed.

MT (stent retrievers and/or contact aspiration)
A microcatheter (Ev3 Inc., Irvine, California) was positioned approximately 10 mm distal to the thrombus
with a micro-guidewire (Ev3 Inc., Irvine, California) and an intracranial support catheter (Ev3 Inc., Irvine,
California) was navigated to the proximal thrombus. The 6 mm * 30 mm retriever stent (Ev3 Inc., Irvine,
California) was subsequently advanced to the distal tip of the microcatheter and the microcatheter was
withdrawn to release the stent. After �ve minutes, the stent was pulled back into the microcatheter, and
then both the microcatheter and the stent were withdrawn. An angiogram was used to evaluate the
recanalization status. The entire procedures were repeated up to 3 times to achieve successful
reperfusion de�ned as an m-TICI grade of 2b or 3. If the retrievable stent thrombectomy did not remove
the thrombus, a direct aspiration technique was used to remedial MT. The aspiration catheter (Penumbra
Inc., Alameda, California) with ADAPT [15] technique was used to aspirating thrombus. No other
subsequently remedial procedures were performed [23].

Main Outcome Measures
All patients were received CT scans immediately after operation, and 24 hours after the procedure to
investigate possible location and size of cerebral infarction or hemorrhagic complications. Symptomatic
Intracranial hemorrhage (ICH) was assessed on post-treatment CT scans and classi�ed as hemorrhagic
infarction or parenchymal hemorrhage based on the European cooperative acute stroke study III (ECASS
III) criteria [16]. Assessment of angiographic images was performed by the consensus of two
neuroradiologists who were blinded to the procedure. Neurological evaluation was performed by two
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Results
Of 93 patients with AIS and evidence of the proximal M1 segments of MCAO who have received vascular
recanalization from January, 2017 to January, 2019, direct angioplasty was performed in group A (n = 
41), while patients in group B (n = 52) have received MT. Comparison of baseline characteristics of
patients from group A (angioplasty) and group B (MT) are provided in Table 1. All the factors were not
signi�cantly different between two groups (P > 0.05 each) (Table 1).

Comparison of outcome of patients from group A and group B are provided in Table 2. The time from
onset to door, time of door to puncture, baseline NIHSS score, preoperative ASPECT score, m-TICI 2b or 3,
7d NIHSS score, mRS score 0–2 at 3-month, symptomatic hemorrhage and mortality were not
signi�cantly different between groups (P > 0.05 each) (Table 2). The difference in the time of door to
recanalization, the time of puncture to recanalization, symptomatic hemorrhage, and average hospital
stays were signi�cantly different between groups (P < 0.05).

Histopathological analysis showed all thrombi contained different amounts of platelets, �brinogen, white
blood cell, and red blood cell.

Discussion
This study found that compared with MT, as to the patients with acute MCAO and good leptomeningeal
collateral circulation within 4.5 hours, direct angioplasty therapy can shorten the recanalization time,
length of hospital stay, may reduce symptomatic cerebral hemorrhage, and did not weaken blood �ow
reperfusion and prognosis. And the leptomeningeal collateral circulation might be help to estimate the
cause of acute MCAO. If the lateral branch is compensated well, the cause of occlusion may be an in-situ
thrombus formed by atherosclerotic stenosis.

Result shows that patients with good leptomeningeal collateral circulation have more frequent
hypertension, hypercholesterolemia and smoking, who are also the cause of LAA. Analysis of thrombus
components had similar results. Due to the gradual slow formation of atherosclerosis in acute LVOS
caused by LAA, the blood supply may be insu�cient for a long period of time, making the collateral
circulation relatively complete [17]. Therefore, it is more tolerant to ischemia after total occlusion, with

stroke neurologists immediately after treatment, 24 hours, and 90 days after treatment. Functional
outcomes at 90 days were assessed with a clinical visit. The mRS score ≤ 2 was de�ned as good
outcome. All the thrombi were analyzed by histopathology.

Statistical Analysis
For patient characteristics and outcomes, differences between groups were estimated by t test for
continuous data and χ2 test for binary data. All statistical analysis was done with statistical package for
social science (SPSS) version 25.0 (IBM Corp., Armonk, NY), with CI set at 95% and signi�cant level set at
0.05 [23].
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milder symptoms, longer treatment window, and a lower risk of bleeding after opening [18]. On the
contrary, CE-induced occlusion occurs more urgently, collateral circulation is relatively inadequate,
ischemic tolerance is relatively poor, treatment time window is short, and risk of hemorrhagic
transformation after vascular recanalization is higher [19].

The incidence of vascular wall injury and bleeding risk is related to different pathogenesis. Studies have
shown that patients with LAA are more likely to have complications of cerebral hemorrhage after MT [6].
As to in-situ thrombosis occurring on the basis of severe stenosis caused by atherosclerosis, it is
intertwined with �brin and platelets, and is tightly bound to the vessel wall. The thrombectomy procedure
can easily damage the wall of the vessel. Therefore, it is necessary to start antithrombotic treatment as
soon as possible, and use arterial thrombolysis and angioplasty as the main method, otherwise the
lesions may have repeated formation and restenosis of fresh blood vessels. On the contrary embolism is
an acute thrombus shedding. The thrombus is mainly wrapped by red blood cells and does not adhere to
the arterial wall. It is the best indication for MT [20].

Surgery-related results showed that the angioplasty group had shorter operative time and hospital stays,
and less symptomatic hemorrhage. It may be because the operation of angioplasty has a longer history,
less di�cult and complications than MT. Cerebral collateral circulation has been described to play a
signi�cant role in preserving tissue viability in large vessel occlusion stroke (LVOS) with a favorable
impact on time window for individualized treatment, angiographic reperfusion, complications and
functional outcomes. Rebello et al [10] have discussed the potential role of collateral �ow in stroke
patients with AF versus stroke patients with LAA. For patients with intracranial anterior circulation LVOS
caused, the results show that collateral scores were lower in the AF group with patients having poor
collaterals in 28% of cases versus 9% in the LAA group. Mortality rates were higher in the AF patients
whilst rates of any parenchymal hemorrhage were higher in the LAA group. Moreover, the proportion of
large blood vessel occlusion caused by LAA in Asian population is 30%~50%, which is higher than
8%~10% of white people [21, 22]. This may be one of the reasons for the good effect of direct
angioplasty.

The shortcomings of this study are that, it is di�cult to accurately judge whether it is atherosclerosis or
embolism. The sample size is small, and the results may be biased. More questions need to be answered.
For example, what type of recanalization should be used for LAA with poor collateral circulation? Further
large randomized studies are needed.

Conclusion
Direct angioplasty therapy on acute MCAO with good leptomeningeal collateral may help to shorten the
time of surgery, reduce symptomatic hemorrhage and hospital stay. Further large randomized studies are
needed.

List Of Abbreviations
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NIHSS: National Institutes of Health Stroke Scale;

ASPECTS: Alberta Stroke Program Early CT Score;

m-TICI: modi�ed thrombolysis in cerebral infarction;

mRS: modi�ed rankin score;

MCAO: middle cerebral artery occlusion;

MT: mechanical thrombectomy;

LVOS: large vessel occlusion stroke;

DPT: door-to-puncture;

sICH: symptomatic intracranial hemorrhage;

AIS: acute ischemic stroke;

rtPA: recombinant tissue plasminogen activator;

CM: contrast media;

ICH: Intracranial hemorrhage;

SPSS: Statistical Package for Social Science;

LAA: large artery atherosclerotic infarction;

CE: cardiac embolism.
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