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In the era of mechanical thrombectomy, there are  aspiration (DA) and stent retriever (SR).! The g:g:;‘a‘-’lEZZ:?;‘lTJZSIEQfSLHY
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or SR as first-line thrombectomy have been
reported to be similar in two recent randomized
clinical trials.23 Thus, DA as first-line thrombec-
tomy is recommended by the 2019 updated guide-
lines as noninferior to SR first-line thrombectomy
for appropriate patients with acute LVO.* DA
thrombectomy techniques are being increasingly
used in clinical practice in many developed coun-
tries,>7 and based on some observational data,
potential advantages of DA first-line approach
might include less injury to the vessel wall, earlier
puncture-to-reperfusion and a lower cost com-
pared with SR first-line thrombectomy.3:5:6:8:9
However, the current status of DA as first-line
approach in developing countries such as China
are still rarely reported at present.

The current study utilized a prospective, nation-
wide registry to explore the prevalence and com-
parative effectiveness of DA-first thrombectomy
in a real-world practice setting in China.

Methods

Study population

Data were derived from the ANGEL-ACT regis-
try, a prospective nationwide registry of 1793
consecutive patients with acute LVO undergoing
endovascular treatment (EVT) at 111 hospitals
from 26 provinces in China between November
2017 and March 2019. Patients who met the fol-
lowing inclusion criteria were enrolled in the reg-
istry: (1) age=18years; (2) diagnosis of acute
ischemic stroke caused by imaging-confirmed
intracranial LVO, including internal carotid
artery, middle cerebral artery (M1/M2), anterior
cerebral artery (A1/A2), vertebral artery, basilar
artery, and posterior cerebral artery (P1); (3) ini-
tiation of any type of EVT, including mechanical
thrombectomy, intra-arterial thrombolysis, bal-
loon angioplasty, stenting, and other mechanical
fragmentation. The ANGEL-ACT registry aimed
to reflect the current status of EVT for patients
with acute LVO in real-world clinical practice in
China. The protocol was approved by the ethics
committees of Beijing Tiantan Hospital and each
participating site. Each participant or his/her rep-
resentative gave written informed consent before
being enrolled in the study.

In this analysis, patients receiving thrombectomy
with DA as first-line thrombectomy or SR as first-
line thrombectomy were divided into two groups

(“DA-first” and “SR-first”, respectively). DA
thrombectomy was performed with a distal access
catheter [Navien 058/072 (Medtronic), Sofia/
Sofia plus (Microvention), or Catalyst 5/6
(Stryker)] or Penumbra ACE60 reperfusion cath-
eter (Penumbra). SR thrombectomy was per-
formed by using a Solitaire FR (Medtronic),
Trevo (Stryker), Revive (Cordis) or Reco (Jiangsu
Nico) device. After failure of the first-line
thrombectomy approach, the choice of devices
for rescue treatment was left to the discretion of
the operator.

Data collection

All variables, including demographic characteris-
tics, vascular risk factors, vital signs, stroke sever-
ity [e.g. National Institutes of Health Stroke Scale
(NIHSS)], laboratory tests, neurovascular images,
endovascular procedural details, peri-procedural
management and complications, functional out-
come [e.g. modified Rankin Scale (mRS)] and
adverse events within 90 days after the procedure,
were prospectively collected. Only investigators
trained and qualified to use NIHSS and mRS
recorded the scores.

Baseline computed tomography (CT)/magnetic
resonance (MR) and CT angiography (CTA)/
MR angiography (MRA), digital subtraction
angiography (DSA), and post-procedural CT
were evaluated by an imaging core laboratory
blinded to clinical data and outcomes. Follow-up
CTs were performed immediately and 24+ 2h
after the procedure, and an additional CT was
obtained at any time of neurological deteriora-
tion. All images were independently assessed by
two neuroradiologists, with a third available for
adjudication when needed. Core laboratory image
interpretation included early ischemic changes
using Alberta Stroke Program Early CT Score
(ASPECTS)!0 for anterior circulation strokes and
posterior circulation ASPECTS (pc-ASPECTS)!!
for posterior circulation strokes, occlusion site,
tandem lesions, underlying intracranial athero-
sclerotic disease (ICAD, defined as fixed stenosis
degree >70% or >50% with distal blood flow
impairment or evidence of repeated re-occlu-
sion),!2 baseline and post-procedural modified
Thrombolysis in Cerebral Infarction (mTICI),!3
and occurrence of intracranial hemorrhage (ICH)
on post-treatment imaging. For patients of whom
the images could not be obtained and intra-pro-
cedural complications found on DSA (e.g. distal
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or new territorial embolization, arterial perfora-
tion, arterial dissection and vasospasm requiring
treatment, etc.), site-reported data were used.
The imaging review criteria of local investigators
were the same as that of core laboratory, except
that ICAD could also be determined according to
previous images indicating stenotic lesion at the
occlusion site.

Outcome measurement

The primary outcome was the successful recanali-
zation (mTICI of 2b-3) of the occluded intracra-
nial artery after first-device alone. The secondary
outcomes included the complete recanalization
(mTICI of 3) of the occluded intracranial artery
after first-device alone, successful and complete
recanalization after first-pass, number of passes,
use of rescue treatment (switching to other
thrombectomy devices/intra-arterial thromboly-
sis/balloon angioplasty/stenting), successful and
complete recanalization after all procedures, pro-
cedure duration, 90-day mRS as an ordinal score,
and mRS of 0-1, 0-2, 0-3 as dichotomous varia-
bles. The mRS score was assessed by trained
investigators who were blinded to the baseline
information via the telephone interview based on
a standardized interview protocol. The safety out-
comes included the distal or new territorial embo-
lization during procedure, any ICH and
symptomatic ICH within 24h according to the
Heidelberg Bleeding Classification,!* and death
within 90 days.

Statistical analysis

All data were presented as the median (interquar-
tile range [IQR]) for continuous and ordinal vari-
ables, and a number (percentage) for categorical
variables. A comparison of the baseline character-
istics between the two groups was performed
using the Mann—Whitney U test for continuous
and ordinal variables, and Pearson’s chi-square
test or Fisher’s exact test for categorical variables.
For comparing the outcome measures, the
adjusted odds ratios (OR), common OR or B-
coefficients with their 95% confidence intervals
(CI) were analyzed using a binary or ordinal
logistic regression model or generalized linear
model, if applicable. All baseline variables with a
significant difference of p<<0.05 as potential con-
founders were adjusted. In addition to conven-
tional multivariable analysis, a propensity score
was constructed for adjustment (the propensity

score was derived using a logistic regression
model that included all baseline variables for first-
line treatment options). Treatment effect modifi-
cation on the primary outcome was explored in
the following subgroups: occlusion site (internal
carotid artery versus middle cerebral artery M1
segment versus vertebra-basilar artery), tandem
lesions (yes wersus no), ICAD (yes wversus no),
stroke subtype by Trial of ORG 10172 in Acute
Stroke Treatment (TOAST) criteria (large artery
atherosclerosis versus cardioembolism versus other
or unknown etiology),!> and prior intravenous
thrombolysis (yes wversus no). Treatment effect
size heterogeneity across the subgroups was tested
by including the corresponding multiplicative
interaction term into the logistic regression model
with adjustment for the propensity score. All
analyses were conducted with SAS software ver-
sion 9.4 (SAS Institute Inc, Cary, NC). A two-
sided p-value of <0.05 was considered to be
statistically significant.

Results

A total of 1225 eligible patients were analyzed in
this study. A flow chart of the patient selection is
shown in Figure 1. Among the included patients,
755 (63.3%) were male, and the median age was
65years (IQR: 55-73). The median baseline
NIHSS score and onset-to-puncture time were
17 points (IQR: 13-22) and 301 min (IQR: 212—
439). Successful recanalization at the final angio-
gram was achieved in 1100 patients (89.8%).
Symptomatic ICH within 24h occurred in 89
(7.6%) out of 1164 patients. Of 1167 patients
who attended a 90-day follow-up, the median
mRS score was 3 points (IQR: 0-5), and the rate
of the mRS 0-1, 0-2, 0-3, and death was 39.4%,
43.4%, 53.9%, and 16.8%, respectively.

Baseline characteristics

Of the 1225 patients included, 102 (8.3%)
received DA-first, and 1123 (91.7%) received
SR-first. The baseline characteristics are com-
pared in Table 1. Patients of the DA-first group
had higher rates of internal carotid artery occlu-
sion (50.0% wersus 23.4%), tandem lesions
(35.3% wversus 14.5%), cardioembolism (48.0%
versus 35.4%), and prior intravenous thromboly-
sis (44.1% versus 25.9%) than those of the SR-first
group (all p-values <0.05). No significant differ-
ences existed between the two groups in the
remaining baseline variables.
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ANGEL-ACT
(n=1793)

Y

Excluded:
DA plus SR thrombectomy first-line, n = 246
Intra-arterial thrombolysis first-line, n = 104
Balloon angioplasty first-line, n = 132
Stenting first-line, n = 33
Other mechanical fragmentation first-line, n = 28
Missing baseline data, n = 25

[ Eligible patients in this study ]

(n=1225)

DA thrombectomy first-line
(n=102)

Figure 1. Flow chart of patient selection.
DA, direct aspiration; SR, stent retriever.

Outcome measures

A comparison of the outcome measures is pre-
sented in Table 2. Regarding the primary out-
come, a multivariable analysis with adjustment for
potential confounders showed that patients in the
DA-first group had a lower rate of successful reca-
nalization after first-device alone (30.4% versus
66.4%; OR=0.23, 95% CI=0.15-0.37; p<<0.01)
compared with those in the SR-first group.

Regarding the secondary and safety outcomes,
multivariable analyses demonstrated that patients
who underwent DA-first had a lower chance of
complete recanalization after first-device alone
(24.5% wersus 51.8%; OR=0.33, 95% CI=0.20-
0.53; p<0.01), more thrombectomy passes
(median: 2 versus 1; 3=0.79, 95% CI=0.53-1.05;
$<0.01), higher likelihood of rescue treatment
(62.8% wersus 27.0%; OR=4.55, 95% CI=2.92—
7.08; p<<0.01), switching to other thrombectomy
devices (56.9% wersus 4.0%; OR=27.67, 95%
CI=16.28-47.01; p<0.01), and any ICH within
24h (35.4% wversus 22.1%; OR=1.78, 95%
CI=1.12-2.83; p=0.02) than those who under-
went SR-first. No significant differences were
found between both groups in the remaining sec-
ondary and safety outcome measures.

\ 4

SR thrombectomy first-line
(n=1123)

As a sensitivity analysis, similar results were
observed in the models with propensity score
adjusted (Table 2).

Subgroup analysis

As shown in Figure 2, exploratory subgroup anal-
yses showed significant heterogeneity in treat-
ment effects on the primary outcome among the
studied subgroups stratified by occlusion site,
underlying ICAD, and TOAST subtype (p for
interactions <0.05); however, similar treatment
effect sizes on the primary outcome were seen in
the studied subgroups stratified by tandem
lesions, and prior intravenous thrombolysis (p for
interactions >0.20).

Discussion

The major findings of this study were (1) the number
of patients undergoing DA-first thrombectomy for
acute LVO in China was far less than that of SR-first
approach during the study period (ratio of DA-first to
SR-first was approximately 1:11); (2) DA-first
thrombectomy was associated with lower recanaliza-
tion after first-device alone, more thrombectomy
passes and requiring rescue treatment (specifically
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Table 1. Baseline characteristics of patients undergoing thrombectomy with DA first-line versus SR first-line.

Baseline variable DA first-line (n=102) SR first-line (n=1123) p-Value
Age, median (IQR), years 65 (54-74) 65 (55-73) 0.61
Male sex 63 (61.8) 712 (63.4) 0.74
History of hypertension 56 (54.9) 633 (56.4) 0.78
History of diabetes mellitus 21(20.6) 194 (17.3) 0.40
History of dyslipidemia 10(9.8) 98 (8.7) 0.71
History of coronary heart disease 17 (16.7) 175 (15.6) 0.77
History of atrial fibrillation 39(38.2) 381(33.9) 0.38
Prior stroke 20 (19.6) 234(20.8) 0.77
Cigarette smoking 0.61

Never smoker 64 (62.8) 706 (62.9)

Ex-smoker 9 (8.8) 72 (6.4)

Current smoker 29 (28.4) 345 (30.7)
Systolic blood pressure, median (IQR), mmHg 148 (135-160) 145 (130-161) 0.63
NIHSS score, median (IQR) 16 (12-19) 17 (13-22) 0.17
ASPECTS, median (IQR])? 9 (7-10) 9 (7-10) 0.21
Occlusion site <0.01

Internal carotid artery 51 (50.0) 263 (23.4)

Middle cerebral artery (M1) 34 (33.3) 510 (45.4)

Vertebro-basilar artery 15 (14.7) 224 (20.0)

Other intracranial arteries 2 (2.0 126 (11.2)
Tandem lesions 36 (35.3) 163 (14.5) <0.01
Underlying ICAD 0.12

Yes 21 (20.6) 333(29.7)

No 66 (64.7) 666 (59.3)

Undetermined 15 (14.7) 124 (11.0)
Stroke subtype by TOAST criteria 0.02

Large artery atherosclerosis 33 (32.4) 506 (45.1)

Cardioembolism 49 (48.0) 397 (35.4)

Other or unknown etiology 20 (19.6) 220 (19.6)
Prior use of antiplatelet agents 16 (15.7) 170 (15.1) 0.88

(Continued)]
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Table 1. (Continued)

Baseline variable DA first-line (n=102) SR first-line (n=1123) p-Value
Prior use of anticoagulants 7 (6.9) 51 (4.5) 0.32
Prior intravenous thrombolysis 45 (44.1) 291 (25.9) <0.01
Intra-procedural use of heparin 43 (42.2) 574 (51.1) 0.08
Type of anesthesia 0.11

Local anesthesia only 35 (34.3) 477 (42.5)

Local anesthesia plus sedation 14 (13.7) 183 (16.3)

General anesthesia 53 (52.0) 463 (41.2)
Onset-to-puncture time, median (IQR), min 318 (210-425) 300 (212-440) 0.97

Values are numbers with percentages in parentheses, unless indicated otherwise.
aASPECTS for anterior circulation stroke; and pc-ASPECTS for posterior circulation stroke.

ASPECTS, Alberta stroke program early CT score; DA, direct aspiration; ICAD, intracranial atherosclerotic disease; IQR, interquartile range;
NIHSS, National Institutes of Health Stroke Scale; pc-ASPECTS, posterior circulation Alberta stroke program early CT score; SR, stent retriever;
TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

switching to other thrombectomy devices), and
increased risk of any ICH within 24h; (3) DA-first
and SR-first modalities showed no significant differ-
ence in terms of the final recanalization rate after res-
cue treatment and 90-day functional outcomes; and
(4) significant heterogeneity in the treatment effects
on the first-device successful recanalization was
found in the subgroups stratified by occlusion site,
ICAD, and TOAST subtype.

The development of DA-first thrombectomy in
China is much behind what one might expect
compared with the published literature in the
Western world. Five randomized trials have
established thrombectomy as the standard of care
for appropriate patients with LVO, and these tri-
als predominantly used SR devices to do a
thrombectomy.!® As a result, established stroke
guidelines in 2015 specifically recommend the
use of SR to the exclusion of other thrombectomy
techniques.!” Since then, SR first-line thrombec-
tomy has flourished and gained popularity in
China, which has in turn limited the application
of DA-first thrombectomy.

One of the notable findings from our study is that
the DA-first group achieved a lower recanaliza-
tion without the help of rescue treatment than
the SR-first group after adjustment for potential
confounders and propensity scores. In the real-
practice setting, a failure of the first-line modality

to achieve satisfactory recanalization is not a rare
instance. In such patients with LVO who were
refractory to first-line modality, rescue treatment
was often required. Because successful recanali-
zation is one of the most important factors in
achieving a favorable outcome,!8 it seems a rea-
sonable strategy that rescue treatment is per-
formed after the first-line modality failure rather
than aborting further treatment. Various types of
rescue treatment were used in this study.
Switching to other thrombectomy devices was
significantly higher in DA-first, while intra-
arterial thrombolysis, balloon angioplasty, and
permanent stenting were comparable in both.
This seems to indicate that the causes of reca-
nalization failure might differ between DA-first
and SR-first. Specifically, SR was used as a res-
cue treatment in more than half of DA-first cases
whereas DA was needed as rescue treatment in
only 4% of SR-first cases. These data suggest
that the performance of a DA-first approach was
not as successful as a SR-first approach in the
current study population. However, in light of
the literature in total, it is unlikely that a DA-first
approach has inherent technical disadvantages in
clot retrieval. One possible explanation could be
the experience and preference of the operators.
These two thrombectomy modalities are quite
different in the mechanisms of action and proce-
dural details, and the experience and preference
of operators may be the major determinant in the
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Subgr()up No. of patients

(n=1225)

Occlusion site ®

Internal carotid artery 314

Middle cerebral artery (M1) 544

Vertebro-basilar artery 239
Tandem lesions

Yes 199

No 1026
Underlying ICAD ¢

Yes 354

No 732
Stroke subtype by TOAST criteria

Large artery atherosclerosis 539

Cardioembolism 446

Other or unknown etiology 240
Prior intravenous thrombolysis

Yes 336

No 889

P for

0, a
OR (95% CI) interaction

<0.01
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022(0.05-089)  —m—
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022(0.12-040)  Hm—
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SR first-line is better «— —DA first-line is better

Figure 2. Treatment effects on the primary outcome according to exploratory subgroups.

aAdjusted for the propensity score.

bA total of 128 patients with other intracranial artery occlusions were excluded.
cA total of 139 patients with undetermined ICAD were excluded.
Cl, confidence interval; DA, direct aspiration; ICAD, intracranial atherosclerotic disease; OR, odds ratio; SR, stent retriever;

TOAST, Trial of ORG 10172 in Acute Stroke Treatment.

successful angiographic outcome, rather than
differences in the thrombectomy devices them-
selves. During the study period, DA thrombec-
tomy was only routinely performed in a few
hospitals in China, and the annual volume of
DA-first in these hospitals was very small.
Accordingly, the annual volume of DA-first per
operator would be even smaller, so most opera-
tors would likely have limited hands-on experi-
ence with DA thrombectomy. In this analysis,
the operator’s inexperience in DA may also be
reflected in the fact that more thrombectomy

passes and higher ICH rate were seen in the
DA-first group than in the SR-first group.

The causes of recanalization failure may be vari-
ous, including occlusion site, tandem lesions, pre-
existing ICAD, TOAST subtype, and added
value of intravenous thrombolysis.!® An explora-
tory subgroup analysis to investigate the differ-
ence in the causes of recanalization failure
between DA-first and SR-first was completed.
We found that DA-first was far less effective than
SR-first in terms of first-device successful
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recanalization for anterior circulation LVO as
compared with posterior circulation LVO, possi-
bly due to the different anatomical characteristics
(tortuous access, vessel curvature or angulation),
constituent ratio of stroke causes (ICAD or
embolism), and proportion of thrombus compo-
nents (hard or soft thrombi, red blood cell-rich or
fibrin-rich clots) between anterior and posterior
circulation.?%-22 We also found that the perfor-
mance of DA-first was much poorer than SR-first
in patients with embolic stroke, which corre-
sponds well with previous studies.?3:24 SR-first
thrombectomy may be a better option for acute
LVO with susceptibility vessel sign (+) or CT
thrombus hyperdense (+) suggesting embolic
stroke; however, our unplanned subgroup analy-
sis was unable to draw any definitive conclu-
sions.2?%:26 However, when choosing the modality
of mechanical thrombectomy, we should compre-
hensively consider the thrombus burden, occlu-
sion site, and anatomical access in addition to
stroke etiology and thrombus component. From
our point of view, DA-first thrombectomy may be
suitable for the treatment of large-load soft throm-
bus (such as tandem lesions) and bifurcation
occlusion (such as M1 bifurcation and basilar
artery tip) with good access. The different causes
of recanalization failure and optimizing the strat-
egy of currently available EVT methods should be
investigated in further studies.

This study has several inherent limitations that
must be acknowledged. First, the results should
be interpreted with the caution of selection bias
caused by non-randomized treatment assignment,
and measured or unmeasured variables (such as
the aforementioned experience/preference of the
operators) that may represent potential confound-
ers that cannot be ruled out despite multiple
adjustment models used. Second, since a rela-
tively small number of patients were enrolled in
the DA-first group, there was a possibility of a
type II error in the statistical analysis. Third, as
this was a retrospective analysis of a prospective
registry, the number of passes determining a fail-
ure was not predefined, leading to potential het-
erogeneity in the use of rescue treatment between
the two groups. However, the operators who par-
ticipated in this study were experienced in when to
perform rescue treatment. Fourth, thrombectomy
for stroke is allowed in qualified tertiary and sec-
ondary hospitals in China. In the ANGEL-ACT
registry, more than 90% of the patients were from
tertiary hospitals, and in fact less DA first-line

thrombectomy was done in secondary hospitals,
so it is likely that the proportion of using DA-first
could be even lower. Finally, we did not collect
treatment costs, so it was not possible to compare
the cost-effectiveness of the two modalities.

Conclusion

The study population from 111 hospitals across
26 (76.5%) of 34 provinces in China represents
the real-world patients who received EVT
between November 2017 and March 2019.
Therefore, it is worthy of note that the results of
this study reflect the current situation of DA as
first-line thrombectomy for acute stroke patients
in real clinical practice in China, suggesting that
DA-first thrombectomy is less developed in China
compared with the Western world. Specifically,
far fewer DA-first than SR-first thrombectomies
were performed during the study period, and
DA-first thrombectomy was associated with lower
first-device recanalization, more requiring rescue
treatment, and increased risk of ICH.
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