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Abstract
Background Endovascular techniques for treatment of large
vessel occlusions (LVO) in patients with acute ischemic
stroke (AIS) have advanced in recent years. We report
a multicenter experience using a combined aspiration and
stent retriever technique for mechanical thrombectomy
(MT).
Methods We retrospectively analyzed 32 consecutive MT
patients using a novel, combined approach of Stent retriever
Assisted Vacuum-locked Extraction (SAVE) by 3 operators
at 3 stroke centers. Primary endpoint was successful first-
pass reperfusion with a modified Thrombolysis in Cerebral
Infarction (mTICI) score of 3. Secondary endpoints were
number of passes, time from groin puncture to reperfusion,
embolization to new territories (ENT), postinterventional
symptomatic intracranial hemorrhage (sICH) and clinical
outcome at discharge.
Results First-pass mTICI 3 reperfusion was achieved in
23 out of 32 patients (72%) with a mean groin puncture
to reperfusion time of 36.0min ± 15.8 and mTICI 3 was
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accomplished in 25 out of 32 cases (78%) with a maxi-
mum of 3 attempts. Successful reperfusion (mTICI ≥ 2b)
was achieved in all patients (100%) with a mean time from
groin puncture to reperfusion of 44.5min ± 25.8 and an av-
erage of 1.2 ± 0.7 attempts. The rate of ENT was 0% and 1
patient with sICH after MT died on postoperative day 4. At
discharge, the median National Institutes of Health Stroke
Scale (NIHSS) score was 4 (range 0–17) and favorable neu-
rological outcome by the modified Rankin score (mRS �
2) was achieved in 19 out of 32 patients (59%).
Conclusion SAVE is fast and appears to be very effective
in terms of first-pass complete reperfusion in patients with
LVO.

Keywords Acute ischemic stroke · Large vessel
occlusion · Mechanical thrombectomy · SAVE

Background

Endovascular treatment with modern stent retrievers has
been shown to be the most effective treatment option for
acute ischemic stroke (AIS) caused by large vessel occlu-
sion (LVO) in the anterior circulation [1–5]. Clinical out-
come is improved when early revascularization of the pri-
mary occlusion is achieved [6]. In the past decade, devel-
opment of neurointerventional equipment for endovascular
therapy has advanced rapidly with overwhelming efficacy
for current devices compared to previous technology, re-
sulting in high reperfusion rates and shorter groin puncture
to reperfusion times [1–5]. The question which current me-
chanical thrombectomy (MT) technique yields the best re-
sults in terms of safety and efficacy is subject to discussion.
Principal MT techniques include (i) the use of stent retriev-
ers by incorporation of the clot through the stent retriever

K

http://crossmark.crossref.org/dialog/?doi=10.1007/s00062-017-0566-z&domain=pdf
http://dx.doi.org/10.1007/s00062-017-0566-z


328 V. Maus et al.

struts after passive stent opening with subsequent with-
drawal of the device under flow arrest by a balloon guide
catheter (BGC), (ii) a direct aspiration first-pass thrombec-
tomy (ADAPT) with a large bore aspiration catheter placed
at the face of the thrombus and (iii) a combination of both,
where the stent retriever is usually withdrawn into an in-
tracranially placed aspiration catheter (termed the “Solum-
bra technique”) [7–10].We present a multicenter experience
using a novel endovascular technique. It comprises a com-
bination of both procedures (i) and (ii) by Stent retriever
Assisted Vacuum-locked Extraction (SAVE).

Methods

This multicenter retrospective study evaluated 32 patients
treated consecutively by 3 operators in 3 different certified
comprehensive stroke centers for AIS based on LVO. One
operator with profound neurointerventional skills (>5 years
experience in endovascular stroke treatment) per institu-
tion performed thrombectomy using the aforementioned
novel technique. We analyzed the prospectively maintained
neurointerventional databases to examine the technical and
clinical outcome. The primary endpoint was defined as first-
pass successful reperfusion defined as modified Throm-
bolysis in Cerebral Infarction (mTICI) 3. Secondary end-
points were total number of passes, time interval from groin
puncture to reperfusion, rate of embolization to new ter-
ritories (ENT), rate of postinterventional symptomatic in-
tracranial hemorrhage (sICH) and clinical outcome at dis-
charge assessed by the National Institutes of Health Stroke
Scale (NIHSS) and modified Rankin score (mRS). All val-
ues are presented as median and range or mean and stan-
dard deviation (SD) for continuous variables, and as fre-
quency and percent for categorical variables. According to
the guidelines of the respective local ethics committees, no
approval was necessary for this anonymous retrospective
study, which was conducted in accordance to the Declara-
tion of Helsinki.

Patient Selection

Inclusion criteria were as follows: LVO and absence of
ICH on baseline imaging, Alberta Stroke Program Early
CT score (ASPECTS) ≥5, no age limit, baseline NIHSS
score of ≥5 or aphasia. Patients with known symptom on-
set were eligible within a time frame of �8 h. In the case
of unknown onset all patients with positive imaging profile
evaluated with multimodal computed tomography (CT) or
magnetic resonance imaging (MRI) were included. All pa-
tients received intravenous thrombolysis (IVT) according to
the national guidelines of the Society of Neurology. Patients

with tandem occlusions comprising a preceding extracranial
occlusion or stenosis were not included in our study.

Imaging and Clinical Assessment

All angiographic images were re-evaluated to determine
the target downstream territory, new target downstream em-
bolizations or ENT and the mTICI grade before and after
MT according to the 2013 recommendations of the Cere-
bral Angiographic Revascularization Grading collaborators
(CARG). Native cranial computed tomography (NCCT)
was performed postinterventionally after 24 h or earlier in
case of secondary worsening. SICH was defined according
to the European Cooperative Acute Stroke Study (ECASS)
criteria. A consultant neurologist assessed all NIHSS and
mRS scores independently.

Technical Description of SAVE

MT is either conducted with the patient under conscious
sedation or general anesthesia as per the institutional prac-
tice. A short or long 8-French (F) sheath (8 F Destination,
Terumo, Leuven, Belgium) is placed in the groin. In anterior
circulation AIS the internal carotid artery (ICA) is catheter-
ized with an 8 F guide catheter (8 F Cordis Vista, Johnson &
Johnson, New Brunswick, NJ) or with the aforementioned
long sheath followed by an initial angiogram to depict the
status of the intracranial vasculature. In cases of uncoop-
erative anxious patients, the angiography table is swayed
towards the ventilation machine and the anesthesiologist
for easier initiation of general anesthesia. Meanwhile, an
aspiration catheter, a microcatheter and a microwire are pre-
pared and connected with permanent saline flush lines. In
cases of LVO in the anterior circulation we predominantly
use an AXS Catalyst 6 aspiration catheter (0.06000 inner
diameter; Stryker Neurovascular, Fremont, CA) or a Sofia
Plus aspiration catheter (0.07000 inner diameter; Microven-
tion, Tustin, CA). The AXS Catalyst 6 aspiration catheter is
also used in cases of basilar artery occlusion with the sup-
port of a 7-French guide catheter or 80 cm sheath, which
is placed in the subclavian artery/origin of the vertebral
artery. A 0.02100 microcatheter is advanced past the occlu-
sion site in a M2/A2/PCA vessel with the help of a 0.01400
microwire (see online video). Position of the microcatheter
tip distally to the thrombus is confirmed with a careful con-
trast injection through the microcatheter after removing the
microwire. At this point the aspiration catheter is not ad-
vanced past the origin of the ophthalmic artery, as this pro-
cess can be time-consuming in elongated vessels. A stent
retriever usually Trevo ProVue, (Stryker Neurovascular),
Solitaire FR (Medtronic, Minneapolis, MN) or EmboTrap
(Neuravi, Galway, Ireland) is then advanced through the
microcatheter and placed primarily distally to and with the
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proximal third across the occlusion site (Fig. 1b) by using
the active push deployment technique described by Wies-
mann et al. [11]. At this point it is important to tighten
the compression seal of the rotating hemostatic valve in
order to maintain tension and support incorporation of the
thrombus by the stent. After waiting for 2–3min the valve
is loosened and the microcatheter is slowly removed (bare
wire technique) in order to maximize the inner volume of
the aspiration catheter (Fig. 1c; [12]). At the same time,
by pulling the microcatheter, the aspiration catheter usually
advances past the origin of the ophthalmic artery (grapple
hook technique, Fig. 1c, black arrow). We then connect
the aspiration catheter to an aspiration pump (Penumbra,
Alameda, CA) for permanent aspiration, and further ad-
vance the tip of the aspiration catheter towards the occlu-
sion site, while gently retracting the stent retriever. We con-
tinue carefully with minimal pulling of the stent retriever
while pushing the aspiration catheter until we have reached

Fig. 1 a Initial angiogram showing an mTICI 0 occlusion of the right M1 segment. b After advancing a 0.02100 microcatheter past the occlusion
site to a distal M2 segment, the microwire is removed and a 4 × 30mm stent retriever (Trevo ProVue) is placed primarily distally (black arrow)
and with the proximal third across the thrombus (white arrow) by using the active push deployment technique. Up to this point, we lose no time
with navigating the AXS Catalyst 6 aspiration catheter past the origin of the ophthalmic artery. After a waiting period of 2–3min the microcatheter
is slowly pulled back out of the catheter to maximize aspiration volume inside the distal catheter (bare wire thrombectomy). Simultaneously,
by pulling the microcatheter the aspiration catheter usually advances past the origin of the ophthalmic artery (c black arrow). We continue with
synchronized pulling of the stent retriever and pushing of the aspiration catheter until we reach a wedge position (d white arrow) under continuous
aspiration with a pump. Note that the stent retriever has not actually changed position during this maneuver. After no flow is observed in the
aspiration catheter, we switch the pump aspiration to the guide catheter and start pulling the unit stent retriever/aspiration catheter back towards the
guide catheter while vacuum is preserved in the aspiration catheter with the help of a negative pressure syringe. Continuous aspiration on the guide
catheter is needed during retraction of the stent retriever/aspiration-catheter unit in order to warrant flow reversal within the internal carotid artery
and to prevent migration of thrombus fragments in distal vessels. Flow reversal with large-bore guide catheters can only be warranted for a couple
of seconds with a negative pressure syringe. The unit retrieval process is done slowly under fluoroscopy and can last up to 30 s. It is not unusual to
see the stent retriever and thrombus being further retracted inside the aspiration catheter during this process, due to initial compression of the distal
part of the aspiration catheter during the wedge maneuver (e black arrow). f,g Control angiograms show successful reperfusion after one attempt
with the SAVE technique. h Picture of the stent retriever after successful thrombectomy with the main part of the clot being incorporated by the
proximal/middle part of the stent and a clot fragment being caught by the far distal part of the stent

a wedge position (Fig. 1d, white arrow). After reaching
the wedge position and seeing no flow within the aspira-
tion tube, permanent aspiration with the pump is switched
to the guide catheter or long sheath while negative pres-
sure is retained within the aspiration catheter with the use
of a 60ml vacuum pressure syringe (VacLok, Merit Med-
ical, South Jordan, UT). The stent retriever and the aspi-
ration catheter are retrieved outright back inside the guide
catheter/sheath as a unit, in contrast to current techniques,
such as Solumbra (Figs. 2 and 3). The unit retrieval pro-
cess is done slowly under fluoroscopy and can last up to
30 s in order to prevent distal emboli or ENT. During this
process, the stent retriever and thrombus are frequently fur-
ther retracted inside the aspiration catheter because of the
negative pressure and the stretching of the previously com-
pressed catheter tip (Fig. 1e, black arrow). Pump aspiration
on the guide catheter/sheath stays on for another 30 s af-
ter removal of the stent retriever/aspiration catheter unit in
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Fig. 2 a, b Depict the technique most interventionalists associate with the term Solumbra. A stent-retriever is placed centrally across the clot,
while an aspiration catheter is advanced to the clot face. The stent retriever is then retracted back inside the aspiration catheter, while negative
pressure within the aspiration catheter is preserved with pump aspiration or a negative pressure syrinx (curved arrows on aspiration catheter tip).
Usually 6 F long sheaths or BGCs are used with Solumbra and no proximal aspiration (depicted by x at the guide tip) is applied during the critical
moments of stent retriever retraction. This results in antegrade blood flow within the A1 and M1 segments during retraction of the stent retriever,
as the aspiration catheter is clogged with the clot. Clot fragments cannot be controlled with this technique. c, d Delineate a recently proposed
technique called aspiration retriever technique for stroke (ARTS). Similarly to Solumbra the stent is placed centrally across the clot. The aspiration
catheter is then advanced to the face of the thrombus under permanent aspiration and retracted as a unit with the stent retriever. In the publication
by Massari et al. BGCs were usually used as guide catheters without the use of additional proximal aspiration with the BGC [13]. This leads to
flow arrest (X on the ICA) within the ICA, but retrograde blood flow in the A1 segment or posterior communicating artery (Pcom) and antegrade
flow in the M1 segment. Clot fragments cannot be controlled with this technique in the critical moments of clot immobilization and retraction,
as the aspiration catheter is clogged with the clot. A similar technique called continuous aspiration prior to intracranial vascular embolectomy
(CAPTIVE) has been recently published and while the idea of aspiration with the aspiration catheter during deployment of the stent-retriever is
intriguing, the name of the technique is misleading as again no proximal aspiration is being proposed. As the authors of CAPTIVE describe they
monitor the drip rate of the aspiration tubing until it has stopped. This leads to a clogged aspiration catheter and no control over clot fragments in
the critical seconds of clot immobilization. e–h Depict the steps of the SAVE technique. The stent retriever is deployed primarily distally to the
clot and only the proximal third interacts with the clot. Immediately after deployment of the stent retriever we usually observe anterograde flow
within the target territory, while the stent controls clot fragments. The aspiration catheter is then advanced to the face of the clot and aspiration with
the pump is started. We continue carefully with minimal pulling of the stent retriever while pushing the aspiration catheter until we have reached
a wedge position. In this position the aspiration catheter is obviously clogged with clot, thus there is no need for pump aspiration and vacuum can
be preserved with a negative pressure syringe. The permanent aspiration with the pump is then connected to the guide catheter, which leads clot
fragment controlling in the critical moments of clot immobilization (f) and retrieval of the unit inside the guide catheter. Our preferred set-up for
the SAVE technique at the moment is an 8 F long sheath, a large-bore aspiration catheter and a long stent-retriever. See the Methods for a more
detailed description of the SAVE technique

order to minimize distal emboli or ENT (Fig. 4). In ex-
ceptional cases, where no back-flow is observed within the
guide catheter we also retrieve the guide catheter under per-
manent aspiration to remove the entrapped thrombus. The
removable hemostatic valve of the guide catheter/sheath is
then flushed forcefully with a 20ml saline flush syringe
to remove any remaining clots from the compression seal.
Control angiograms are acquired (Fig. 1f and g) and if nec-
essary the whole procedure is repeated. Technical details
are presented in Table 1.

Results

A total of 32 patients (20 males) with LVO received MT
with the SAVE technique. Baseline characteristics are pre-
sented in Table 2. Out of the 32 patients 31 had a LVO of
the anterior circulation (97%): ICA in 3/32 (9%), MCA M1
in 26/32 (81%), MCA M2 in 1/32 (3%) and anterior cere-
bral artery (ACA) in 1/32 (3%). One patient suffered from
basilar artery (BA) occlusion (3%). Median age of the pa-
tients was 74 years (range 34–93 years) and 21/32 patients
received concomitant IVT (66%). Baseline median NIHSS
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Fig. 3 Angiographic images of
the patient used for the drawings
in Fig. 2. a shows an M1 occlu-
sion while b depicts antegrade
flow after placement of the
stent retriever. Angiographic
series after deployment of the
stent retriever are not necessary
and should only be performed
through the guide/sheath and
with low pressure/strongly di-
luted contrast media in order to
minimize clot fragmentation risk
and contrast media uptake of the
already infarcted downstream
territory. Injections through
the aspiration catheter should
be strictly avoided. Successful
reperfusion (mTICI 3) of the left
middle cerebral artery (MCA)
is delineated on c and d after
1 SAVE maneuver

Table 2 Patient demographics

Value

Number of patients 32

Male 20/32 (62.5%)

Age (years), mean ± SD 71 ± 14.5

Arterial hypertension 21/32 (65.6%)

Coronary artery disease 10/32 (31.3%)

Cardiac arrhythmia 12/32 (37.5%)

PAOD 3/32 (9.4%)

Diabetes mellitus 6/32 (18.8%)

Chronic kidney disease 6/32 (18.8%)

Dyslipidemia 17/32 (53.2%)

Obesity 8/32 (25.0%)

Smoker 5/32 (15.6%)

Carcinoma 1/32 (3.1%)

Creatinine level (mg/dl), mean ± SD 1.1 ± 0.5

EGFR (ml/min), mean ± SD 71.9 ± 31.2

PAOD Peripheral Arterial Occlusive Disease, EGFR Estimated
Glomerular Filtration Rate

score was 15 (range 5–25) on admission and mean time
from groin puncture to reperfusion was 44.5min ± 25.8
(median 41, range 18–148). In one patient procedure time
was nearly 2.5 h due to elongated supra-aortic vessels and
massive extent of thrombus, so that after two ineffective
maneuvers the 4 × 20mm Solitaire FR stent retriever was
exchanged for a 4 × 40mm with subsequent reperfusion to
mTICI 2b. The pretreatment mTICI score was 0 in 31/32
(97%) and mTICI 1 in 1/32 cases (3%). A final reperfusion
result of mTICI ≥2b was achieved in all cases with an aver-
age of 1.2 ± 0.7 attempts and mTICI 3 in 25/32 cases (78%)
with a maximum of 3 attempts. Primary endpoint of first-
pass mTICI 3 reperfusion was reached in 23/32 patients
(72%) with a mean groin to reperfusion time of 36.0min ±
15.8 (median 30.5, range 18–68min). A total of 19 out of
26 (73%) occlusions in MCA M1 and 2 of 3 carotid-T oc-
clusions were successful recanalized with 1 attempt. Rate of
ENT was 0% and no new downstream territory occlusions
were observed in the final angiographic control runs. A pro-
cedure-related death occurred in one patient with sICH at
the 4th postoperative day and two patients died from pneu-
monia. Median NIHSS score at discharge was 4 (0–17) and
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Fig. 4 Angiographic images
of a patient with a carotid-T
occlusion. a Shows the initial
angiogram with minimal flow
past the occlusion towards the
MCA and ACA territories as the
clot expands towards both the
M1 and the A1 segments. b De-
picts a magnified, later image of
the first angiogram. c, d Show
the successful recanalization of
the carotid-T/M1/A1 segments
and an mTICI 2b reperfusion
of the downstream territories
after 1 SAVE maneuver. Our
initial experience with the SAVE
technique for bifurcation clots
has been very positive, as there
was no need for dual stent (so-
called kissing stents technique)
deployment since starting to use
SAVE as our first-line technique

favorable neurological outcome (mRS �2) was achieved in
19/32 patients (59%) at discharge.

Discussion

Multiple randomized controlled trials (RCT) comprising the
newest generation of stent retrievers have demonstrated suc-
cess in neurothrombectomy with favorable clinical outcome
[1–5]. Based on these studies stent retrievers are nowa-
days the standard of care in MT and can be safely and
effectively combined with flow-arrest or aspiration tech-
niques. The use of aspiration catheters alone is a reliable
alternative (level II evidence) [7–9, 14–17]. In the afore-
mentioned RCTs stent retrievers were predominantly used
(81.5–100%), although a small number of patients received
MT with aspiration alone or older generation devices, such
as the MERCI device [1]. The specific technique of MT,
such as the use of a flow-arresting guide catheter or aspi-
ration catheter or the maximum of allowed retrieval passes
[3–6] varied between trials. From a technical perspective,
it remains unclear which concept yields the highest rate of

first-pass complete reperfusion. The inherent design of the
stent-retriever itself did not influence reperfusion rates in
the MR CLEAN trial [18].

The proposed approach for clot retrieval combines a dis-
tally placed stent retriever and a proximally placed as-
piration catheter which act as a unit, providing a distal
(stent retriever) and proximal capture of the clot (aspiration
catheter) while being withdrawn simultaneously under con-
tinuous proximal aspiration into the cervical guide catheter.
The addition of other techniques/steps (active push deploy-
ment for better clot caption, bare wire technique for max-
imizing flow inside the aspiration catheter, grapple hook
technique for time saving) resulted in an excellent overall
rate of successful reperfusion (mTICI ≥ 2b) of 100% and
an exceptionally high rate of first-pass complete reperfusion
(mTICI 3) of 72%. These preliminary data are promising
compared to previous MT techniques reported in the liter-
ature: stent retriever thrombectomy trials have shown core
laboratory controlled reperfusion rates (mTICI ≥ 2b) of up
to 88% [1–5] with first-pass mTICI 3 success up to 25%
while self-reported large series have reported reperfusion
rates of up to 94% [15, 19–23]. The use of an extracranial
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Table 3 Overview of reperfusion results in previous studies

Thrombolysis in Cerebral Infarction (TICI) score Number of passes (mean)

2b (%) 3 (%) 2b/3 (%) First-pass 3 (%)

1. Mainly/purely stent-retriever-based and BGC or Solumbra technique

EXTEND-IAa,b Campbell et al. [4] 38 48 86 – 1.6

SWIFT-PRIMEa,b Saver et al. [3] 19 69 88 – –

ESCAPEb Goyal et al. [2] – – 72 – –

REVASCATa,b Jovin et al. [5] 47 19 65 – –

MR CLEANa,b Berkhemer et al. [1] 35 24 59 – 2 [median]

THRACEa,b Bracard et al. [30] 47 22 69 – –

IMS IIIb Broderick et al. [31] – – up to 44d – –

SWIFTb Saver et al. [32] – 76 52 – 1.7

TREVO 2b Nogueira et al. [27] 54 14 92e – 2.4

2. Mainly separator-based aspiration technique

THERAPYa,b Mocco et al. [25] – – 70 – –

3. Purely stent-retriever and BGC

STARb Pereira et al. [28] 30 55 84 – 1.5

4. Stent-retriever-based registries with BGC or Solumbra technique

NASAc Ngyuen et al. [16] 22 53 75 – 1.8

ENDOSTROKEc Singer et al. [33] – – 78 – –

5. Pure techniques

ADAPTc, Vargas et al. [22] 12 45 94f – –

ADAPTc, Möhlenbruch et al. [23] – – 65 – –

Solumbrac, Delgado Almandoz et al. [20] – – 84 – 2.1

Solumbrac, Humphries et al. [8] 44 44 88 37g 2.3

ARTSc, Massari et al. [13] 43 55 98 43g 2.2

SAVEa,c 22 78 100 72 1.2
amTICI; bcore-lab reported; cself-reported; ddependent on occlusion site; eTICI 2/3, fTICI 2b/2c/3, gfirst-pass 2b/3

BGC in combination with a stent retriever reveals overall
mTICI ≥ 2b success in 89% with a first-pass thrombectomy
rate of 63.7% [24]. The use of an intracranial large-bore as-
piration catheter (ADAPT) which is placed at the face of
the thrombus yields successful reperfusion only in part of
the treated patients [14, 15]. The self-reported rate of first-
pass mTICI 3 is as high as 64%, but only for a subgroup
of patients where ADAPT alone was feasible, resulting in
35% first-pass mTICI 3 overall [15]. This technique was
initially described by Turk et al. who revealed an overall
successful reperfusion rate (mTICI ≥ 2b) of 75% [9]. The
prospective randomized THERAPY trial identified patients
with poor prognosis due to a clot burden of >8mm and
revealed a successful reperfusion rate of 70% when using
an aspiration catheter alone [25]. Withdrawal of the stent
retriever into an intracranial aspiration catheter (Solumbra
technique) achieves successful reperfusion (mTICI ≥ 2b) up
to 88% with a one-pass thrombectomy rate of 37% [8]. The
first-pass reperfusion rate using the active push deployment
or push and fluff technique with the Trevo stent retriever
described by Haussen et al. was 54% [26]. In summary,
there are to date no reports in the literature demonstrating
such high first-pass mTICI 3 results, which are known to

be a premise of favorable clinical outcome (Table 3; [19]).
The time of reperfusion from groin puncture (44.5min) lies
within the range of previously reported series in which stent
retrievers were used (20–120min) [16, 24, 27–29] and is
superior compared to the technique with a BGC (120min)
or non-BGC (161min) published in the North American
Solitaire Acute Stroke registry [16]. In the study of Velasco
et al. reperfusion time with BGC was 20.5min vs. 41min
in the non-BGC group, but the time interval is not compa-
rable to the widely used groin puncture to reperfusion time,
due to the definition of the first carotid angiogram as the
starting time point [24]. The ADAPT technique achieves
the fastest reperfusion times with a median time between
20 and 30min from groin puncture [9, 10, 15]; however, the
rate of successful reperfusion is inferior compared to SAVE.
As we included consecutive cases, including the first SAVE
cases treated in each institution, we expect procedural times
to further shorten in the future.

Withdrawal of the stent retriever within the aspiration
catheter has been described previously, but the essential
point of our technique is that, contrary to previous ap-
proaches, where the stent was fully retrieved inside the
aspiration catheter, we wedge the thrombus between as-
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Table 4 Properties and compatibilities of guiding and aspiration catheters

Guiding catheter ID
(cm)

Aspiration
catheter

OD
(cm)

ID
(cm)

Radius
difference
(mm)

Change of
radius differ-
ence (%)

Annulus
(mm2)

Change of
annulus (%)

1A FlowGate2™a 2.1 ACE™68e 2.03 1.73 0.035 – 0.91 –

1B VISTA BRITE
TIP® b

2.2 ACE™68e 2.03 1.73 0.085 143 to 1A 2.26 149 to 1A

1C Neuron MAX™
088c

2.24 ACE™68e 2.03 1.73 0.105 200 to 1A 2.82 210 to 1A

1D Destination® 8Fd 2.9 ACE™68e 2.03 1.73 0.435 1143 to 1A 13.47 1384 to 1A

2A FlowGate2™a 2.1 Sofia® Plusf 2.1 1.78 0 Not compati-
ble

0 Not compati-
ble

2B VISTA BRITE
TIP® b

2.2 Sofia® Plusf 2.1 1.78 0.05 – 1.35 –

2C Neuron MAX™
088c

2.24 Sofia® Plusf 2.1 1.78 0.07 40 to 2B 1.91 41 to 2B

2D Destination® 8Fd 2.9 Sofia® Plusf 2.1 1.78 0.4 700 to 2B 12.57 830 2B

3A FlowGate2™a 2.1 AXS
Catalyst™6g

2.01 1.52 0.045 – 1.16 –

3B VISTA BRITE
TIP® b

2.2 AXS
Catalyst™6g

2.01 1.52 0.095 111 to 3A 2.51 116 to 3A

3C Neuron MAX™
088c

2.24 AXS
Catalyst™6g

2.01 1.52 0.115 156 to 3A 3.07 164 to 3A

3D Destination® 8Fd 2.9 AXS
Catalyst™6g

2.01 1.52 0.445 889 to 3A 13.73 1081 to 3A

a,g Stryker Neurovascular, Fremont, CA, b Johnson & Johnson, New Brunswick, NJ, c,e Penumbra, Alameda, CA, d Terumo, Leuven, Belgium;
f Microvention, Tustin, CA
ID Inner Diameter, OD Outer Diameter

piration catheter tip and stent retriever based on the idea of
increasing clot entrapment while simultaneously maintain-
ing local aspiration (Fig. 2; [8]). Similar to our technique,
Massari et al. described an Aspiration Retriever Technique
for Stroke (ARTS) which was initially used as a bail out
method in cases of failed ADAPT attempts and is based in
a more thrombus-centered implantation of the stent retriever
[13]. This technique exhibited a similar overall successful
reperfusion rate of 97.6%; however, their first-pass favor-
able reperfusion rate, defined as mTICI 2b/3, in 43% of their
patients was clearly inferior to our results of 72% first-pass
mTICI 3 efficacy. Furthermore, their reported mean time
from groin puncture to reperfusion was longer (65min vs.
45min). Both ARTS and a recently published similar tech-
nique called continuous aspiration prior to intracranial vas-
cular embolectomy (CAPTIVE) do not include proximal
aspiration with the guide catheter/sheath in their described
steps. This leads to reduced control of clot fragments dur-
ing the critical moments of clot immobilization as the as-
piration catheter becomes clogged with clot material and
the propagated continuous aspiration is just a continuous
negative pressure inside the aspiration catheter [34]. The
ARTS procedure tries to control clot fragments with the
frequent use of a BGC but the absence of proximal aspi-
ration means collateral flow from the A1 segment cannot
be reduced (Fig. 2b). Altogether, the combination of BGC

and large-bore aspiration catheter is very problematic as the
Sofia Plus (Microvention) catheter is not compatible with
BGCs (residual radius of 0mm with a 9 F BGC) and the
newly introduced ACE 68 (Penumbra) has a very small ra-
dius difference with all BGCs (Table 4). This means that
even with proximal aspiration on the BGC flow reversal in
the ICA is minimal, leading to antegrade flow in the M1 seg-
ment depending on the Acom and Pcom configuration. Ad-
ditionally, the authors of CAPTIVE describe Solumbra as
an incorrect technique because “as the embolus is with-
drawn into the distal catheter, small fragments may break
off and embolize to the distal territory” but omit to say that
the same risk applies to the moments of the unit embolus/
stent retriever/aspiration catheter being withdrawn inside
the guide catheter/sheath. The aspiration catheter cannot
control thrombus fragments in this position as it is clogged
with the clot. SAVE addresses both issues (fragments during
initial clot immobilization and during unit retrieval inside
the guide) with the inclusion of distal stent retrieval place-
ment and of proximal/continuous aspiration with a large-
bore guide catheter or sheath.

In the present cohort, clinical outcome was favorable
(mRS � 2) in 59% of patients at discharge which is in the
upper range compared with results published to date [10,
14, 15, 27, 32]. One patient (3%) presenting with unknown
symptom onset died due to the occurrence of sICH after
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MT. This was possibly related to vulnerable brain tissue
(baseline ASPECT score of 5) and pre-existing antiplatelet
medication. The data from RCTs support this assumption,
as these are known risk factors of postinterventional sICH
[1–5]. There were two deaths from pneumonia, both in oc-
togenarians with pre-existing chronic cardiac failure and
renal impairment, which are also known to increase the
risk of postinterventional morbidity and mortality [35–37].
A possible explanation for the high percentage of good clin-
ical outcome in our study could be the absence of ENT. Up
to 6% of ENT were described in the MR CLEAN and EX-
TEND IA trials or when using the ADAPT technique [10,
15]. In our study, no ENT was observed, albeit admittedly
our sample size is too small to prove superiority and our
data lacks core laboratory control. A probable explanation
to the absence of ENT might be the aforementioned tech-
nical features: SAVE provides distal as well as proximal
protection from clot migration as the stent retriever and
aspiration catheter are removed as a unit under additional
continuous aspiration with the guide catheter, reinforcing
complete removal of the thrombus. Additionally, the dis-
tal implantation of the stent retriever in SAVE (Fig. 1b),
compared to the more thrombus-centered implantation in
similar techniques like the Solumbra or the recently de-
scribed ARTS, probably prevents fragments from migrating
distally and occluding downstream vessels (Fig. 1h). Data
by Chueh et al. support the first assumption as their risk
of distal embolization was dependent on the catheterization
technique: the Solumbra technique seemed to be the most
efficient method for reducing hard fragment-prone clots in
contrast to direct aspiration, which increased the risk for
soft elastic clot fragmentation [38, 39].

The high rate of first-pass reperfusion confirmed our hy-
pothesis, but there might also be drawbacks including the
loss of aspiration catheter access within the distal cerebral
vasculature after removing the coaxial system, resulting in
further catheter navigation if a second pass is necessary.
This issue affects other techniques as well, e. g. ADAPT or
a standard BGC and stent retriever approach [10, 14, 15, 19,
24]. On the other hand, the overall time from groin puncture
to reperfusion was short in our cohort due to very high rates
of complete first-pass reperfusion. Tandem occlusions com-
prising a preceding extracranial occlusion/stenosis were not
included in our study. Theoretically, the same limitation ap-
plies to SAVE as to the standard BGC plus stent retriever
approach: as the stent retriever has direct contact with the
vessel walls in both techniques during retrieval it should
not be withdrawn through an acutely placed extracranial
stent as this may cause entanglement of the stent struts.
This problem can be solved by executing angioplasty of the
proximal stenosis initially with a balloon, then performing
thrombectomy intracranially with SAVE and finally placing

an extracranial stent if necessary or by advancing the guide
catheter distally to the carotid stent.

A major limitation of this study is the retrospective de-
sign with the attendant selection bias. The small sample
size precludes profound statistical analysis; therefore, larger
scale prospective studies are needed. Evaluation of clinical
outcome has to be interpreted with caution because of the
missing 90-day follow-up; however, the study’s primary fo-
cus was on the angiographic reperfusion result, an undis-
puted prerequisite of favorable clinical outcome. We further
included occlusions both in the anterior and posterior cir-
culation. Angiographic data were self-reported and may be
less favorable after core laboratory adjudication.

In our opinion, the SAVE technique represents a superior
technical approach in MT for patients with LVO in terms of
first-pass efficacy. Preliminarily, it also seems to translate
into a high rate of favorable clinical outcome. All three
participating centers have therefore switched to SAVE as
their primary endovascular approach in MT. A prospective,
multicenter, core laboratory controlled study is warranted.

Conclusion

The SAVE technique is fast and appears to be very effective
in terms of first-pass complete reperfusion in patients with
LVO.
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