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Background: To investigate the effect of the A Direct Aspiration First-Pass

Thrombectomy (ADAPT) vs. Solumbra technique in the treatment of acute intracranial

atherosclerosis-related large vessel occlusion (LVO).

Methods: Patients with acute atherosclerosis-related LVO who had undergone

endovascular treatment were retrospectively enrolled into two groups: The Solumbra

and ADAPT groups. The clinical data were analyzed.

Results: Patients (104) were enrolled with 48 in the Solumbra and 56 in the ADAPT

group. The mean time from femoral access to recanalization was significantly (P < 0.05)

shorter in the ADAPT than in the Solumbra group. The recanalization time at the first

line was significantly shorter in the ADAPT group than in the Solumbra group (17 ±

10.21 vs. 26 ± 15.55min, P = 0.02). However, the rate of switching to the alternative

was significantly higher in the ADAPT group than that in the Solumbra group (46.42

vs. 33.33%, P = 0.01). Eighty-two patients had eventual recanalization, resulting in a

final recanalization rate of 78.85%. At 3-month clinical follow-up for all patients, the good

prognosis rate reached 51.92%with good prognosis in 24 patients (50%) in the Solumbra

and 30 (53.57%) in the ADAPT group. The rate of symptomatic intracranial hemorrhage

was 18.75% (n = 9) in the Solumbra and 19.64% (n = 11) in the ADAPT group. The

mortality rate was 21.15% (22/104). Among 80 (76.92%) patients who had angiographic

follow-up (3–30 months), five (6.25%) patients experienced in-stent stenosis, and two

(2.5%) experienced asymptomatic stent occlusion.

Conclusion: In patients with acute intracranial atherosclerosis-related LVO, clinical

outcomes treated using the ADAPT technique are comparable with those using the

Solumbra technique, and more patients need additional remedial measures if treated

with the ADAPT technique.
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BACKGROUND

As a significant health burden worldwide, acute ischemic stroke
is a leading cause of morbidity and mortality; however, early
revascularization and reperfusion are correlated with improved
clinical outcomes (1, 2). For acute intracranial large vessel
occlusion (LVO), mechanical thrombectomy has become a
standard approach of treatment because of the high efficacy
and good prognoses (3–6). However, the etiology of LVO is
different in different ethnics, with intracranial atherosclerosis as
the most common cause of ischemic stroke and more common
in Asian, Spanish, and Afro-American populations (7, 8). The
clinical presentation, risk factors, and demographic features are
different between patients with acute intracranial atherosclerosis-
related LVO (ICAS-LVO) and those with thromboembolism-
related LVO (8). Mechanical thrombectomy with a stent retriever
has become the mainstay of modern endovascular therapy for
LVO caused by thromboembolism, but the stent retriever is
less efficient for atherosclerosis-related LVO (9–11). Moreover,
reocclusion and residual stenosis are often encountered in the
endovascular management of atherosclerosis-related LVO, and
rescue treatment with balloon angioplasty is frequently required
for complete recanalization (9, 12, 13). Since fast recanalization is
the most important factor in determining the clinical outcomes,
multiple endovascular management techniques are needed to
recanalize intracranial atherosclerosis-related LVO compared
with thromboembolism-related LVO. Two currently principal
techniques for mechanical thrombectomy are (1) application
of a stent retriever like the Solitaire FR stent (Medtronic
Neurovascular, Irvine, CA, USA) and (2) direct aspiration of
the thrombus with the technique of A Direct Aspiration First-
Pass Thrombectomy (ADAPT) using a large-bore aspiration
catheter like the ACE 64 or 5 Max ACE catheter (Penumbra,
Alameda, CA, USA) (14, 15). Moreover, a stent retriever
can be used together with direct aspiration at the proximal
end of a thrombus at the time of mechanical thrombectomy
(16–18). The Solumbra technique uses the Solitaire FR stent
retriever for mechanical thrombectomy in combination with
proximal thrombus aspiration using the Penumbra aspiration
catheter (16–18). The Solumbra technique seems better in
complete removal of the thrombus because it combines both the
mechanical thrombectomy with a stent retriever and thrombus
aspiration, while the ADAPT seems quicker in removing the
thrombus. Studies have shown that the ADAPT technique can
achieve the same clinical and imaging effects as those achieved
by the Solumbra technique in mechanical thrombectomy of LVO
(19, 20). However, no studies had compared these two techniques
in endovascular management of intracranial atherosclerosis-
related LVO. This study was consequently performed to compare
the effect and clinical outcomes of the two techniques in

Abbreviations: LVO, large vessel occlusion; ADAPT, A Direct Aspiration First-

Pass Thrombectomy; CTA, computed tomography angiography; MRA, r magnetic

resonance angiography; ICA, intracranial segment of the internal carotid artery;

MCA, middle cerebral artery; mRS, modified Rankin scale score; NIHSS, National

Institutes of Health Stroke Scale.

recanalization of intracranial atherosclerosis-related LVO in a
Chinese cohort.

METHODS

Subjects
This study was approved by the ethics committee of our hospital,
and all patients had given their signed informed consent to
participate. Between March 2018 and August 2019, patients with
LVO treated with either the Solumbra or ADAPT technique were
enrolled. The residual stenosis >70% of a cerebral artery after
the first-pass thrombectomy is usually used as a golden criterion
to diagnose ICAS-LVO (21–23). If the residual stenosis is below
70%, but its distal blood flow is impaired, or it tends to re-occlude,
it is also considered ICAS-LVO. Other indicators of ICAS-LVO
may also be required to assist the definitive diagnosis, including
truncal-type occlusions or the sign called the “microcatheter
first-pass effect,” which can be used to diagnose an ICAS-LVO.
The inclusion criteria were patients with LVO, age ≥18 years,
the time from disease onset to femoral artery puncture ≤8 h or
between 8 and 24 h but consistent with the inclusion criteria
of the DAWN experiment or DEFUSE-3 experiment (24), LVO
confirmed by computed tomography angiography (CTA) or
magnetic resonance angiography (MRA) including occlusion of
the intracranial segment of the internal carotid artery (ICA),
M1 segment of the middle cerebral artery (MCA), intracranial
segments of the vertebral artery and basilar artery, atherosclerotic
stenosis-related LVO, the modified Rankin scale score (mRS)
≤2, and baseline score of the National Institutes of Health
Stroke Scale (NIHSS)≥6. The exclusion criteria were intracranial
hemorrhage confirmed by CT orMRI and LVO caused by arterial
dissection, Moyamoya disease, or arteritic occlusion.

Treatment Approaches
Before endovascular treatment, patients who were within
the time window for intravenous thrombolysis had rt-PA
(recombinant tissue plasminogen activator) at a dose of 0.9
mg/kg. After digital subtraction angiography revealed the
location and length of LVO, arterial stenosis, and collateral
circulation, appropriate endovascular approaches were chosen
for treatment. In both the Solumbra and ADAPT techniques, a
300-mm micro-guidewire was used to assist the microcatheter
through the occlusion lesion so that a stent or suction catheter
could be navigated in place.

Solumbra Technique
With the Solumbra technique, a long sheath was sent to the
distal cervical segment of the ICA or the vertebral artery using
an exchange technique under general or local anesthesia, and
a 0.025-inch microcatheter (Rebar27, Medtronic Neurovascular,
Irvine, CA, USA) harboring a 0.016-inch micro-guidewire
was introduced into a large-bore aspiration catheter (ACE,
Penumbra, Oakland, CA, USA; or the SOFIA, MicroVention
Terumo, Tustin, CA, USA), which were all navigated into the
long sheath as a unit. After the 0.025-inch microcatheter was
navigated through the thrombus along the micro-guidewire, the
large-bore aspiration catheter was sent to the proximal end of the
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thrombus as close as possible before deployment of the Solitaire
FR stent-retriever (Medtronic Neurovascular, Irvine, CA, USA)
across the thrombus through the 0.025-inch microcatheter.
The microcatheter was then completely removed. Three to five
minutes later, the large aspiration catheter was connected for
continuous aspiration while advancing the aspiration catheter
to the proximal end of the thrombus as close as possible. If
recanalization was not successful after aspiration for three times,
the DAPT technique would be tried for recanalization.

DAPT Technique
The establishment of the access road to the thrombus was the
same as that in the Solumbra technique. After the aspiration
catheter (ACE60, Penumbra, Oakland, CA, USA; or the SOFIA
PLUS, MicroVention Terumo, Tustin, CA, USA; REACT68,
Medtronic Neurovascular, Irvine, CA, USA) was navigated to
the proximal end of the thrombus as close as possible through
a 0.021-inch microcatheter (Rebar27, Medtronic Neurovascular,
Irvine, CA, USA) harboring a 0.014-inch 300-mm micro-
guidewire, it was connected to a negative pressure suction
pump for continuous aspiration for 60–90 s. Then, the aspiration
catheter was slowly withdrawn until the blood flow velocity
returned to normal in the connecting pipe of the negative
pressure pump. If the flow velocity did not resume normal,
the aspiration catheter was gradually removed under continuous
negative pressure. This process was repeated three times until
successful reperfusion. If the path is extremely tortuous and the
suction catheter cannot be in place, a 300-mm micro-guidewire
was used to help the microcatheter through the thrombus-
occluded segment. If reperfusion could not be achieved after
trying three times, the Solumbra technique was considered.

Remedial Measures for Treatment
If reperfusion was not successful after the Solumbra or the
ADAPT technique had been tried three times, the LVO was
thought to be an intractable vessel occlusion, and remedial
measures would be taken. If the aspiration catheter could
not be navigated through the occlusion segment, a 1.5- or
2-mm diameter rapid-exchanging balloon would be sent to
expand the occluded segment while advancing the aspiration
catheter, which was connected to the negative pressure pump for
thrombus aspiration. The balloon was deflated and withdrawn
after the aspiration catheter was in place. This was the so-
called balloon-assisted aspiration technique. If recanalization
was successful, but the blood flow was obviously limited
due to severe vascular stenosis, or there was a tendency of
vascular occlusion, remedial measures would be taken including
mechanical thrombectomy, percutaneous balloon angioplasty,
intracranial stent implantation, and intra-arterial injection of
tirofiban (0.5–2.0mg). For patients with intracranial stent
implantation, intravenous tirofiban maintenance therapy was
given after the treatment procedure. If the patient did not have
intracranial hemorrhage or other hemorrhagic complications,
double anticoagulation therapy with aspirin (100 mg/day) and
clopidogrel (75 mg/day) was administered the second day after
the procedure.

Effect Evaluation and Follow-Up
Themodified Thrombolysis in Cerebral Infarction (mTICI) score
was used to evaluate the recanalization of the large vessels during
the procedure, and successful recanalization was defined as
mTICI 2b-3. Post-procedure CT or MRI was performed to check
if intracranial hemorrhage was present, and the intracranial
hemorrhage was defined as any intracranial hemorrhage with
increased NIHSS score ≥4.

Three months after the procedure, all patients were followed
up either through outpatient clinics or via telephone contact.
The prognosis was assessed with a good prognosis of mRS score
between 0 and 2. Three to six months after the procedure,
digital subtraction angiography was performed for patients with
deployment of intracranial stents for possible in-stent restenosis.

Statistical Analysis
The statistical analysis was performed with the SPSS 19.0
software (IBM, Chicago, IL, USA). Measurement data in normal
distribution were presented as mean ± standard deviation
(normal distribution) ormedian with interquartile range (skewed
distribution) and tested with the paired t-test or Mann–Whitney
U-test as indicated between groups. Enumeration data were
presented as percentage (n and %) with their corresponding 95%
confidence intervals (CIs) and tested with the Chi square test. The
significant P was set at <0.05.

RESULTS

Subjects
One hundred and four patients met the inclusion criteria and
were enrolled including 77 (74.0%) male and 27 female (26.0%)
patients with an age range of 36–88 years (mean 64.05 ± 12.10).
Seventy-nine (76.0%) patients had hypertension, 23 (22.1%) had
diabetes mellitus, 62 (59.6%) had hyperlipidemia, four (3.8%)
had atrial fibrillation, and 24 (23.1%) had smoking. Twenty-six
(25%) patients had ICA occlusion, 27 (26.0%) had M1 segment
occlusion, 23 (22.1%) had occlusion of ICA-L (involving carotid
terminus andMCA), 19 (18.3%) had basilar artery occlusion, and
9 (8.7%) had occlusion of both the basilar and vertebral arteries.
The baseline NIHSS score was 16.05 ± 4.61. Forty-eight patients
were treated with the Solumbra technique, while 56 with the
ADAPT (Figures 1, 2), and no significant (P > 0.05) differences
were found in the age, sex distribution, and risk factors for
atherosclerosis, or baseline NIHSS score between the two groups
(Table 1). The proportion of patients with ICA-L serial occlusion
was significantly (P < 0.05) higher in the ADAPT than in the
Solumbra group. Among 104 patients, 10 patients (20.83%) in
the Solumbra and nine (16.07%) in the ADAPT group had rt-
PA intravenous thrombolysis, with no significant (P > 0.05)
difference in the proportion between the two groups.

Clinical Effect and Follow-Up
Themean time from femoral access to recanalization was 76.57±
27.23min for all patients, with a significantly (P < 0.05) shorter
time for the ADAPT technique than that for the Solumbra (73.61
± 24.66 vs. 78.05 ± 30.55min) (Table 2). Twenty-one (43.75%)
patients had recanalization at the first pass in the Solumbra
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FIGURE 1 | A 36-year-old man had sudden onset of left limb weakness 17 h ago, and the symptom was relieved after intravenous thrombolysis. However, the

symptom was aggravated 4 h later, and he was transferred to our hospital with the NIHSS score of 11. Magnetic resonance imaging demonstrated acute infarction in

the right basal ganglia. (A,B) Before aspiration, cerebral angiography revealed occlusion of the right middle cerebral artery. (C) After the thrombus was removed by the

aspiration catheter connected to the negative pressure pump, the blood flow forward was resumed. (D) During the procedure, a 2mm × 12mm balloon was used to

expand the stenotic segment. (E,F) An Enterprise stent (4.5mm × 22mm) was deployed at the stenotic location, and the blood flow was restored to the modified

Thrombolysis in Cerebral Infarction (mTICI) grade 3.

group, which was not significantly (P > 0.05) different from that
in the ADAPT group (n = 26, 46.2%). The recanalization time
at the first pass was significantly shorter in the ADAPT group
than in the Solumbra group (17 ± 10.21 vs. 26 ± 15.55min, P
= 0.02). However, the rate of switching to the alternative was
significantly higher in the ADAPT group than in the Solumbra
group (46.42 vs. 33.33%, P= 0.01) (Table 2). Eighty-two patients
had eventual recanalization, resulting in a final recanalization
rate of 78.85%, with the final recanalization rate of 83.33% (n =

40) in the Solumbra group, which was not significantly (P> 0.05)
different from that in the ADAPT group (75%, n= 42).

At 3-month clinical follow-up for all patients (Table 3),
the good prognosis rate reached 51.92% with good prognosis
in 24 patients (50%) in the Solumbra and 30 (53.57%) in the
ADAPT group (Figure 2). The rate of symptomatic intracranial
hemorrhage was 14.58% (n = 9) in the Solumbra and five
19.64% (n = 11) in the ADAPT group. The mortality rate was
21.15% (22/104). No significant (P > 0.05) difference existed
in the rate of hemorrhagic transformation, parenchymal
hemorrhage, subarachnoid hemorrhage, symptomatic
intracranial hemorrhage, good prognosis, independent
functions, or death (Table 3). Among 80 (76.92%) patients
who had angiographic follow-up between 3 and 30 months
following endovascular thrombectomy, five (6.25%) patients had
in-stent stenosis, one of whom was recanalized with balloon
expansion. The other four patients with in-stent stenosis were

asymptomatic. Two (2.5%) patients had asymptomatic stent
occlusion, which was not managed.

DISCUSSION

This study investigated the effect and clinical outcomes of
the Solumbra and ADAPT technique in treating patients with
intracranial atherosclerosis-related LVO, and it was found
that the ADAPT technique is significantly quicker to obtain
recanalization than the Solumbra technique (73.61 ± 24.66 vs.
78.05 ± 30.55min), but no significant differences existed in
the other aspects including the first-pass recanalization rate,
final recanalization rate, periprocedural complication rate, good
prognosis rate, and mortality at 3-month follow-up.

After comparing the effect and adverse events of the direct
contact aspiration technique vs. the standard stent retriever
technique as a first-line endovascular therapy for successful
revascularization of acute ischemic stroke and LVO in the
anterior circulation, Lapergue et al. (19) found no significant (P>

0.05) difference in the recanalization rate in the contact aspiration
group vs. the stent retriever group [85.4 vs. 83.1%, odds ratio or
OR: 1.20 (95% CI, 0.68–2.10); P= 0.53; difference, 2.4% (95% CI,
−5.4 to 9.7%)]. No significant difference existed in the clinical
efficacy outcomes at 90 days and adverse events. They drew a
conclusion that first-line thrombectomy with contact aspiration
did not have an increased recanalization rate compared with

Frontiers in Neurology | www.frontiersin.org 4 March 2021 | Volume 12 | Article 643633

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Li et al. ADAPT Compared With Solumbra Technique

FIGURE 2 | A male patient in his 60s had paroxysmal dysphasia, left limb weakness for 1 h, and coma for 30min. The NHISS score was 19. (A) Cerebral digital

subtraction angiography showed lateral circulation and basilar artery tip, suggesting intracranial atherosclerotic stenosis-related large vessel occlusion (ICAS-LVO). (B)

The right vertebral artery angiography demonstrated occlusion of the initial segment of the basilar artery. (C) A REACT68 suction catheter was navigated to the basilar

artery proximal to the occlusion, and after 30 s of negative pressure suction in situ, the retrograde blood flow in the catheter suddenly recovered. (D) Angiography

confirmed that the anterior blood flow of the basilar artery returned to normal. (E) The aspiration catheter was withdrawn, and angiography revealed severe stenosis at

the middle segment of the basilar artery as ICAS-LVO. (F) After 10min of observation, the stenosis degree was increased, and the forward blood flow gradually

became worse. (G) A stent was implanted after balloon pre-dilation, with the blood flow reaching mTICI grade 3. (H) Computed tomography angiography of the head

and neck was performed 3 days after operation, which indicated that the stent was unobstructed, and the basilar artery forward blood flow was stable. Seven days

after operation, the patient was discharged, with the NIHSS score of 1.

the stent retriever technique. After studying reperfusion, adverse
events, neurological recovery, and functional outcomes of
patients with isolated M2 occlusions in 79 patients treated with
the contact aspiration or the stent retriever technique, Gory et al.
(25) found no significant difference in the reperfusion rate, in
the 90-day mRS score (≤ 2) rate (54.4 vs. 50.0%; P = 0.84),
24-h change in NIHSS score, or the Alberta Stroke Program
Early Computed Tomography score, with the conclusion being
that first-line mechanical thrombectomy with contact aspiration
vs. stent retriever did not result in an increased successful
revascularization rate in patients with acute stroke caused by
isolated M2 occlusion. Zhu et al. (26) also found no significant
increase in the successful reperfusion rate in acute ischemic
stroke patients with LVO of the anterior circulation in the
contact aspiration group compared with the stent retriever
group. However, in a PRISMA-compliant systematic review
and meta-analysis investigating the efficacy and safety of the
direct aspiration approach of thrombectomy for recanalization
in patients with acute ischemic stroke compared with the stent-
retriever approach, Qin et al. (27) found better functional
outcomes at 3 months defined as an mRS score of 0 to 2 (OR,
0.77; 95%CI, 0.66–0.97; P= 0.03), fewer adverse events especially
in symptomatic intracerebral hemorrhage (OR, 0.56; 95% CI,

0.33–0.98; P = 0.04) and embolization to a new territory (OR,
0.49; 95% CI, 0.28–0.84; P = 0.01) in the direct aspiration group
than in the stent retriever group even though no significant
differences existed in the rate of successful recanalization between
the two groups.

The above studies indicated that the direct contact aspiration
technique is as good as or better than the stent retriever
technique in achieving the recanalization rate or clinical
outcomes in treating patients with LVO. These studies were
conducted with only thrombus-related occlusion of LVOwithout
the concomitant factor of atherosclerosis. Thus, the effect of
direct contact aspiration with the ADAPT technique vs. the
Solumbra technique with combined stent retriever and aspiration
is not clear for patients with intracranial atherosclerosis-
related LVO. These two entities of disease are different
in the clinical presentation, risk factors, and demographic
features (8), and the clinical outcomes treated with mechanical
thrombectomy may also be different. Baek et al. (7) studied the
outcomes of mechanical thrombectomy for acute intracranial
LVO and found that recanalization with a stent retriever
is significantly (P < 0.001) less successful in patients with
intracranial atherosclerosis-related LVO, and more patients with
intracranial atherosclerosis-related LVO need specific rescue
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TABLE 1 | Demography and clinical data.

Variables Solumbra

(n = 48)

ADAPT

(n = 56)

t/χ2 P

Age (years) 64.27 ± 12.17 63.60 ± 11.73 2.613 0.213

Male 37 (77.08%) 40 (71.43%) 0.333 0.576

Hypertension 36 (75.00%) 43 (76.79%) 0.154 0.776

Diabetes mellitus 11 (22.92%) 12 (21.43%) 0.040 1.000

Hyperlipidemia 28 (58.33%) 34 (60.71%) 1.926 0.200

Atrial fibrillation 2 (4.17%) 2 (3.57%) 0.000 1.000

Smoking 12 (25.00%) 12 (21.43%) 0.154 0.776

Baseline NIHSS score 15.83 ± 4.63 16.49 ± 4.60 3.332 0.122

ASPECTS score 8 (7–10) 7 (6–10) 1.691 0.352

Medications prior to admission

Antiplatelets 27 (56.25) 31 (55.35) 0.976 0.451

Anticoagulants 7 (41.3) 10 (41.3) 0.573 0.642

Favorable collaterals (41.3) (44.8) 0.663 0.570

Occluded artery

ICA 12 (25.0%) 14 (25.0%) 1.579 0.452

MCA 12 (25.0%) 15 (26.79%)

ICA-L type 11 (22.92%) 16 (28.57%)

Basilar artery 9 (18.75%) 10 (17.86%)

Vertebral terminus 4 (8.33%) 5 (8.93%)

Intravenous thrombolysis 10 (20.83%) 9 (16.07%) 1.777 0.761

ICA-L type does not mean a tandem occlusion but occlusion involving carotid terminus

and MCA. Vertebral terminus does not mean a tandem occlusion but occlusion involving

two anatomical locations of the vertebral terminus and basilar arteries.

measures including balloon angioplasty, stenting, and intra-
arterial glycoprotein IIb/IIIa inhibitor infusion, even though
the rates for favorable outcomes, mortality, and symptomatic
intracranial hemorrhage were not significantly different between
the two groups. In investigating endovascular and clinical
outcomes of vertebrobasilar intracranial atherosclerosis-related
LVO, Baek et al. (28) also found a similar recanalization rate
in patients of LVO with or without concurrent intracranial
atherosclerosis, but the recanalization using conventional
endovascular modalities such as stent retriever thrombectomy,
contact aspiration, or intra-arterial urokinase infusion was less
successful in patients with atherosclerosis-related LVO. In our
study using the Solumbra technique with the stent retriever
combined with aspiration vs. the ADAPT technique of contact
aspiration, similar effects and clinical outcomes had been
achieved. However, the ADAPT technique was quicker to achieve
recanalization than the Solumbra technique, especially when a
larger suction catheter is applied, which had been confirmed
by some authors (19, 20). The mechanism of suction in the
ADAPT technique is to aspirate the whole thrombus without
further advancing the catheter once the catheter is in place (29),
whereas the Solumbra technique is to send a stent to capture
the thrombus and pull it out. The ADAPT technique is thus
much quicker than the Solumbra technique in resuming blood
flow. Being quicker, cheaper, and comparable in the clinical
outcomes and safety, the ADAPT technique has thus become
a comparable technique to the standard Solumbra technique in

TABLE 2 | Radiologic outcomes of endovascular treatment.

Variables Solumbra

(n = 48)

ADAPT

(n = 56)

χ
2/t P

LKW to puncture time, min 367 (69–721) 302 (74–675) 1.568 0.691

Recanalization by first-pass

thrombectomy

12 (25.00%) 9 (16.07%) 0.643 0.553

Recanalization by first-line

thrombectomy

21 (43.75%) 26 (46.42%) 0.643 0.553

Time of puncture to

recanalization by first-line

thrombectomy, min

26 ± 15.55 17 ± 10.21 5.843 0.02

Rescue treatments after

first-line thrombectomy

Switching to the alternative

16 (33.33%) 26 (46.42%) 2.295 0.01

Tirofiban infusion 39 (81.25%) 49 (87.50%) 0.442 0.863

Balloon angioplasty only 10 (20.83%) 15 (26.78%) 0.651 0.270

Balloon and stenting

angioplasty

27 (62.50%) 32 (58.13%) 0.484 0.11

Final successful recanalization 40 (83.33%) 42 (75%) 0.709 0.529

Puncture to final

recanalization time, min

78.05 ± 30.55 73.61 ± 24.66 1.121 0.01

LKW, last known well.

TABLE 3 | Clinical outcomes at 3-month follow-up.

Variables Solumbra

(n = 48)

ADAPT

(n = 56)

χ
2/t P

Hemorrhagic complication

HT 12 (25.00%) 16 (28.57%) 0.111 0.806

PH 2 6 (12.50%) 5 (8.93%) 0.571 0.108

SAH 3 (6.25%) 4 (7.1%) 0.177 0.761

sICH 9 (18.75) 11 (19.64) 0.812 0.358

Good functions (mRS 0–2) 24 (50.00%) 30 (53.57%) 0.111 0.806

Independent functions (mRS 0–1) 16 (33.33%) 21 (37.50%) 0.561 0.426

Mortality 10 (20.83) 12 (21.42) 0.623 0.437

HT, hemorrhagic transformation; PH2, parenchymal hemorrhage, type 2; SAH,

subarachnoid hemorrhage; sICH, symptomatic intracranial hemorrhage; mRS, modified

Rankin scale score.

recanalizing intracranial atherosclerosis-related LVO. However,
compared with the Solumbra technique, the ADAPT technique
has a significantly (P < 0.05) greater rate (33.33 vs. 46.42%)
of switching to the alternative because atherosclerosis-caused
arterial stenosis and local arterial course may readily affect the
efficiency of the ADAPT technique compared with the Solumbra
technique. Moreover, when the suction catheter is parallel to the
long axis of the thrombus in the ADAPT technique, the suction
efficiency is the greatest; however, when the suction catheter
forms an angle with the long axis of the thrombus (or the artery),
the suction efficiency is decreased, and the thrombi may not all
be aspirated (30). In the actual situation of suction, it may not
always be easy to set the suction catheter parallel to the long axis
of thrombus, especially in cases of ICAS-LVO, and it thus needs
more remedial measures.
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Recently, a study by Yoo et al. investigated the immediate
effect of first-line thrombectomy devices for intracranial
atherosclerosis-related occlusion using stent retrievers vs. contact
aspiration (31). Successful reperfusion was more frequently
achieved after first-line thrombectomy in the stent retriever
group than in the contact aspiration group (77.6 vs. 43.5%, P
= 0.001), with significantly fewer remedial measures (12.2 vs.
59.7%, P < 0.001) or lower iatrogenic dissection rate (8.2 vs.
29.0%, P = 0.012) in the stent retriever group. After remedial
measures, the final successful reperfusion rate was similar in both
groups (87.8 vs. 77.4%, P = 0.247), with no significant difference
in the 3-month good outcomes (modified Rankin Scale, P =

0.524). However, this study was performed between 2011 and
2016 when the first-generation aspiration devices were used,
while no aspiration-assisted techniques were applied in the stent
retriever group. Currently, the second-generation aspiration
devices with larger-diameter suction catheters had been applied
and had achieved a better reperfusion rate and good prognosis
rate. Moreover, the Solumbra technique had been standardized.
In our study, the latest devices were used, and to compare the
efficacy of these two mainstream techniques in ICAS-LVO cases
may have more clinical significance.

Acute intracranial atherosclerosis-related LVO may be caused
by thrombi at the stenotic location, at the segment proximal
or distal to the stenosis, or covering a longer segment both
proximal and distal to the stenosis. When the thrombus is only
at the stenotic location, the thrombus load is small or soft with
high permeability. In this situation, application of the ADAPT
technique can easily remove the thrombus without damaging
the intima at the stenosis caused by use of the Solumbra
technique. Some authors suggested the use of balloon angioplasty
for thrombus at the stenotic location (32). However, direct
balloon angioplasty may cause distal embolization by escaped
thrombi, injury to perforating arteries, and possible escape of the
balloon or stent. For thrombi that are located at the segment
only proximal to the stenosis or both proximal and distal to
the stenosis, the current focus is on the management of the
thrombus at the segment distal to the stenosis using the ADAPT
technique. Because the aspiration catheter, if located proximal to
the stenosis, has a low efficiency for aspirating thrombi distal to
the stenosis, it is thus necessary to dilate the stenotic segment
before navigating the aspiration catheter beyond the stenosis
for aspiration. However, in doing this, the risk of thrombus
escape is increased. Previous studies have demonstrated that
stent pulling at the stenotic segment will damage the intima and
that the stenosis will also increase the power of the stent to
cut the thrombus, leading to the distal escape of more thrombi
(33, 34). In our study using the ADAPT technique, we used an
assisted aspiration technique as a rescue treatment in a small
number of cases. A small-diameter balloon (1.5 or 2mm) was
used to predilate the stenotic segment while applying negative
pressure for continuous aspiration, which effectively prevented
thrombus escape distally. This is primarily based on the fact
that the tip of the aspiration catheter has a 2-mm external
diameter, and that after predilation with a 2-mm balloon, the
passage of the aspiration catheter through the stenotic segment
can limit forward flow, facilitating negative pressure aspiration

of distal thrombus. Moreover, the ADAPT technique is the
commonly used technique in clinics, and it has been confirmed
that the aspiration catheter will not increase the risk of distal
thrombus escape when passing through the stenotic segment
(35). Third, a 2-mm rapid exchange balloon along a 300-mm
intracranial support wire can be quickly navigated to the required
location or withdrawn without increasing the operation time.
Of course, if the occlusion is located in an arterial segment rich
in perforating vessels, the risk of perforator occlusion will be
increased if balloon dilation is performed before removal of the
high-load thrombus.

Recently, the ADAPT technique has gradually gained clinical
acceptance primarily because of the invention of large-caliber
catheters suitable for thrombus aspiration and improvement
of direct aspiration technology. The latest generation of large-
diameter aspiration catheter can ensure enough local negative
pressure for suction of thrombus and has excellent flexibility
for passing through tortuous blood vessels to reach the required
location, being more effective especially for cardiogenic or
arterial emboli with large load. However, the key to the ADAPT
technique is to ensure sufficient local negative pressure for
aspiration. For intracranial atherosclerosis-related LVO with
tortuous vessels or long segment stenosis, the effect of aspiration
and efficiency will be affected even with balloon predilation
because the large caliber catheter still has the risk of cutting
plaques, causing vasospasm or even arterial dissection when
passing through the stenosis. Tortuous vessels and long-segment
stenosis may direct the negative pressure toward the vascular
wall, affecting the treatment effect and efficiency.

Some limitations existed in this study including the
retrospective nature, single center study, a small cohort of
patients, and the enrolled Chinese patients only. Moreover,
some patients had intravenous thrombolysis before enrollment,
which may affect the effect of mechanical thrombectomy. All
these factors may affect the generalization of the outcome of this
study. Future studies will have to resolve these issues for better
clinical outcomes.

CONCLUSION

In conclusion, in patients with acute intracranial atherosclerosis-
related LVO, clinical outcomes and safety treated with the
ADAPT technique are comparable with those achieved with the
Solumbra technique even though additional remedial measures
are required for both groups for complete recanalization.
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