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Abstract
Purpose To report our two-center initial experience using the Tigertriever 13 in the treatment of acute stroke of distal, 
medium vessel occlusions (DMVO).
Methods We performed a retrospective analysis of all patients treated by mechanical thrombectomy using the Tigertriever 13 
device (a manually expandable low profile stent retriever) due to an acute DMVO. Locations included the anterior, middle, 
and posterior cerebral artery in the A2 and A3, the M3 and M4, and the P2 or P3 segment and the superior cerebellar artery.
Results Forty-three patients with 45 DMVOs underwent MTE using the Tigertriever 13 with the intention-to-treat approach 
between May 2019 and December 2020. After a median of two thrombectomy maneuvers, the successful recanalization rate 
(mTICI 2b-3) was 84.4% (38/45) with a first pass effect of 26.7% (12/45). The rate of symptomatic intracranial hemorrhages 
(sICH) and subarachnoid hemorrhages (SAH) was 7.0% (3/43) and 14.0% (6/43), respectively. At discharge, 53.5% (23/43) 
of the patients had a favorable clinical outcome (mRS 0–2).
Conclusion Mechanical thrombectomy in DMVOs using the Tigertriever 13 leads to high recanalization rates. The incidence 
of mostly asymptomatic hemorrhagic events appears higher compared to MTE procedures in LVOs. Further studies will help 
to identify anatomic and clinical criteria to define a guideline for MTE in DMVOs.
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Introduction

Mechanical thrombectomy (MTE) is the standard of 
care of patients suffering from acute ischemic stroke 
due to a proximal large vessel occlusion (LVO) within 
the anterior circulation [1–5]. Within the last few years, 
numerous technical innovations of devices dedicated 
to the endovascular treatment of acute stroke were pre-
sented. While some new devices or strategies focus on a 
faster and more efficient first pass success (e.g., balloon 

occlusion catheters), others allow for the treatment of dis-
tal, medium vessel occlusions (DMVOs) [6–8]. With this 
trend towards smaller more flexible low-profile devices, 
a debate on the benefit and the need for recommenda-
tions regarding MTE in DMVOs emerged, while conclu-
sive data regarding technical and clinical aspects are still 
scarce. However, DMVOs account for up to 40% of acute 
ischemic stroke cases without clearly defined and satisfy-
ing treatment recommendations [6].

In this retrospective study of DMVOs treated by MTE 
using a manually adjustable stent retriever, we report 
our initial clinical and angiographic experience. Cases 
in this study were exclusively carried out with the Tiger-
triever 13 (Rapid Medical, Yoqneam, Israel), a novel 
low-profile stent retriever that allows for a controllable 
stepwise adjustment of the radial force towards the vessel 
wall and the clot. The device is intended for the applica-
tion in DMVOs since it is compatible with a 0.013-in. 
microcatheter.
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Material and methods

Data analysis

We retrospectively analyzed all cases of acute stroke due 
to an intracranial DMVO treated by MTE using the Tiger-
triever 13 between May 2019 and December 2020.

DMVOs were defined as acute occlusions of the mid-
dle cerebral artery distal to the M2 segment in the M3 
and M4 segment (MCA M3 and M4), the anterior cere-
bral artery in the A2 and A3 segment (ACA A2 and A3), 
the posterior cerebral artery in the P2 and P3 segment 
(PCA P2 and P3), and the superior cerebellar artery 
(SCA). Only occlusions treated with the intention-to-
treat approach with the Tigertriever 13 were included. 
Occlusions of the M2 segment of the middle cerebral 
artery (MCA M2) treated by mechanical thrombectomy 
within the sample period were excluded from this analy-
sis. This was done because the M2 segment is generally 
accessible with conventional stent retrievers, so that 
miniaturized devices such as the Tigertriever 13 are not 
required in the majority of cases.

Two scenarios were identified and resulted in the defini-
tion of two groups. Group 1 comprises cases of acute stroke 
due to a primary occlusion in one of the specified locations, 
while group 2 summarizes cases performed following MTE 
of LVOs. Cases in group 2 had preexisting DMVOs within 
the territory of the underlying LVO or distal occlusions due 
to embolism to a new territory (ENT) following the index 
MTE, the differentiation between an ENT and a preexisting 
DMVO not being possible in retrospect. The subdivision 
into these groups was inspired by a previously published 
study on MTE in DMVOs by Rikhtegar et al. [9].

Cases where the Tigertriever 13 was used outside the 
inclusion criteria were excluded from this analysis. These 
were 19 occlusions of the MCA in the M2 segment and 
four cases where the Tigertriever 13 was used after failure 
of alternative techniques (“bail-out”).

The individual decision to perform a MTE in DMVOs 
was a result of interdisciplinary consensus by the neu-
rological and neurointerventional team members based 
on the clinical symptoms (measured by the NIHSS) and 
imaging findings (Alberta Stroke Program Early CT 
Score) and CTA within the 6 h window supplemented 
by CT perfusion (CTP) beyond 6 h) for cases in group 
1. Arguments to perform MTE were a relevant clinical 
deficit and a low volume of ischemic tissue detected on 
plain CT or CTP. Moreover, it was upon the operator’s 
discretion to weigh the specific procedural risk against 
the potential benefit of recanalization, and given the cur-
rent absence of evidence for MTE in DMVOs, the deci-
sion was not based on fixed criteria.

For cases of group 2, the decision to continue with MTE 
following recanalization of an LVO was made by the oper-
ator alone, while the anatomy of the occluded segment and 
the presumed eloquence of the affected territory were the 
main criteria in favor of or against MTE in remaining or 
new DMVOs.

On admission and at discharge, a neurological team mem-
ber evaluated the clinical status of each patient using the 
NIHSS and mRS score, while the angiographic results were 
independently analyzed by two interventional neuroradiolo-
gists. In cases of inconsistency, the final classification was 
reached at a consensus.

Following the institutional standards, all patients received 
a postprocedural computed tomography (CT) within 24 h 
following the intervention. Two neuroradiological team 
members analyzed these in retrospect with regard to hem-
orrhagic events following the procedure [10].

The territory distal to the occlusion was set as 100%, and 
reperfusion rates were translated into mTICI grades [11]. A 
TICI 2b to 3 result was the primary endpoint. For primary 
DMVOs (group 1), a further primary endpoint included the 
alteration of the patient’s clinical status following the pro-
cedure (measured by the NIHSS on admission and at dis-
charge). Secondary endpoints included the first pass effect 
(mTICI3) (only applied for cases in group 1; for cases in 
group 2, the first pass effect cannot be applied by definition), 
the number of MTE maneuvers, and the rate of subarachnoid 
(SAH) and symptomatic intracerebral hemorrhages (sICH) 
within 24 h following the procedure.

Tigertriever 13/endovascular procedure

The fundamental concept of the Tigertriever was 
described before [12–14]. As a brief summary, the basic 
difference compared to conventional stent retrievers 
is the possibility to adjust the radial force of the mesh 
towards the thrombus or the vessel wall manually which 
is facilitated by a wire inside the mesh that is connected 
to the distal end of the device. This wire can be pulled or 
pushed stepwise by a clicker-based control handle, which 
opens and closes the mesh of the device. There are four 
versions of the Tigertriever available, the Tigertriever 13 
being the smallest one and compatible with a 0.013-in. 
microcatheter.

The basic technical setup does not differ from MTE 
procedures for LVOs. Procedures were performed 
using an 8F guiding catheter together with 6F or 5F 
aspiration catheters within the internal carotid artery 
(ICA), the middle cerebral artery (MCA), or the ver-
tebral artery (VA). Once an occlusion within one of 
the defined locations was identified, a Headway Duo 
(Microvention, Tustin, CA, USA) microcatheter was 
navigated distal to the occlusion. Once the Tigertriever 
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13 was advanced towards the occlusion, the microcath-
eter was gently pulled back with the device kept sta-
ble in the desired position, which is within but mainly 
distal to the occlusion. The Tigertriever 13 was then 
opened stepwise under continuous f luoroscopy until 
occurrence of a shift of the target artery on the pre-
viously prepared road map. At this point, the device 
was no longer expanded to minimize the risk of vessel 
injuries due to an over-expansion of the mesh. After a 
slight release, the Tigertriever was carefully withdrawn 
under continuous aspiration on the guiding/balloon 
guiding catheter or manual aspiration on the 6F or 5 F 
aspiration catheter that was consciously left within the 
proximal vasculature (ICA, MCA M1, or VA) in order 
to minimize the risk of distal artery injuries. In case of 
a mesh prolapse over the distal marker of the device, 
to be characterized as a “tear-drop phenomenon,” fur-
ther release by the handle was applied. In cases of a 
remaining occlusion following this maneuver, the deci-
sion whether to continue with MTE or to cease the 
procedure was upon the operator’s discretion.

Figure 1 illustrates an over-expansion of the Tiger-
triever 13 including a shift documented on the road map 
and a deformation of the mesh (“tear-drop phenomenon”).

Ethical statement

The study was performed in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki 
and its later amendments. A separate informed consent 
from each patient before inclusion in this study was not 
required due to the retrospective design of the study.

Results

Entire population

Forty-three patients (22 female and 21 male, median 
age 77, range 40–97 years) with 45 DMVOs underwent 
MTE using the Tigertriever 13 with the intention-to-treat 
approach during the above mentioned sample period of 
20 months. In 41.9% (18/43 patients), bridging intrave-
nous therapy (IVT) was applied. The median interval 
from symptom onset to groin puncture was 170.5 min 
(range 54.0–458.0 min) with a median procedure time 
(groin puncture to recanalization) of 45.0  min (range 
11.0–137.0 min). A median of 2 MTE attempts (range 
1–7) resulted in an overall successful recanalization rate 
(mTICI 2b-3) of 84.4% (38/45 cases) with a first pass 
effect of 26.7% (12/45 cases). In 15.6% (7/45 cases), the 
procedure remained unsuccessful (mTICI 0-2a).

In 17.8% (8/45 procedures), the operator decided to 
switch to a device other than the Tigertriever 13. This 
was done after a median of two unsuccessful (range 1–2) 
maneuvers. The successful recanalization rate in this sub-
group was 75.0% (6/8 procedures). Devices successfully 
used in this context were the Catch Mini Device (Balt, 
Montmorency, France) in four cases, and the remaining 
two cases were successful by aspiration alone by 3MAX 
Aspiration Catheter (Penumbra, CA, USA) or Sofia Aspi-
ration Catheter (Microvention, Tustin, CA, USA). In the 
remaining two cases, successful recanalization failed 
despite a bail-out device (3 MAX aspiration catheter in 
each case). Two out of the four bail-out cases were suc-
cessfully treated by aspiration alone (3MAX and Sofia) 
and two failed (3MAX each).

The median NIHSS score of the 43 patients was 9 
(range 2–22) on admission and improved to a median of 3 
(range 0–18) at discharge. Five patients died during hospi-
talization. At discharge, 53.5% (23/43) of the patients had 
a favorable clinical outcome (mRS 0–2).

The overall rate of SAH detected on CT performed 
within 24 h following the procedure was 14.0% (6/43). In 
7.0% (3/43) of the patients, a sICH was identified within 
24 h after the procedure.

No technical complications related to a malfunction of 
the device were encountered. In one patient with a primary 
MCA M3 occlusion, an active extravasation occurred after 
one unsuccessful MTE maneuver. This active bleeding 
ceased spontaneously after a short observational period 
under systolic blood pressure reduction. Nonetheless, the 
patient experienced a relevant SAH, which was the prob-
able cause for the fatal outcome since the patient initially 
had mild clinical symptoms (NIHSS 3) and died 9 days 
after the procedure.

Fig. 1  An over-expansion of the Tigertriever 13 including a shift doc-
umented on the road map and a deformation of the mesh (“tear-drop 
phenomenon”), road-map
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Four additional patients died during hospitalization as 
consequence of their underlying stroke. Of those, two (both 
in group 2) experienced a sICH.

Detailed analysis

The detailed analysis of the 31 patients with 32/45 primary 
DMVOs (71.1%) in group 1 revealed a successful recanali-
zation rate of 81.3% (26/32) with a first pass effect of 21.9% 
(7/32). MTE procedures were successful after a median of 
2 maneuvers (range 1–7). In 37.5% of these cases (12/32), 
IVT was initiated prior to the endovascular procedure. The 
SAH and sICH rates in this subgroup were 9.6% (3/31) and 
0.0% (0/31), respectively.

The NIHSS score of the 31 patients in group 1 was 7 
(range 2–22) on admission and improved to a median of 3 
(range 0–18) at discharge. The rate of favorable clinical out-
come at discharge was 64.5% (20/32 patients) in this group.

In the 13 cases (28.9%) with the DMVO treated in the 
context of an LVO occlusion (group 2), the successful reca-
nalization rate was 92.3% (12/13). The median number of 
MTE attempts in this group was 1 (range 1–3). IVT was 
administered in 46.2% (6/13) with the intention to treat the 
underlying LVO.

In group 2, the median NIHSS score on admission and at 
discharge was 13 (range 3–19) and 7 (0–13), respectively, 
resulting in a favorable outcome of 23.1% (3/13 patients) 
at discharge. All cases of sICH occurred within group 2 
(23.1%), and the SAH rate was 30.8% (4/13).

In one patient with a primary M3 occlusion, an additional 
A2 occlusion occurred during the procedure (ENT). Conse-
quently, this patient was included into both groups. Since 
this was a patient with a SAH, the complication was as well 
counted in both groups.

An illustrative case of DMVO treated by MTE using the 
Tigertriever 13 is given in Fig. 2a–f.

Table 1 gives a summary of the entire and subgroup 
angiographic and clinical results including the location of 
the DMVO treated.

Discussion

MTE plays an important role in the treatment of acute 
ischemic stroke due to LVO. Inclusion criteria within the 
randomized controlled trials that provided evidence for 
MTE were restricted to acute occlusions of the terminal 
ICA or MCA within the M1 segment, while more distally 
located occlusions were excluded from these studies [1–4]. 
The main reason behind this was a presumably higher 
response to intravenous therapy (tPA) in distal occlusions 
and a higher likelihood of complications following cathe-
terization and maneuvering in small caliber distal arteries. 

The latter is plausible as the mentioned studies were initi-
ated more than 5 years ago where dedicated miniaturized 
thrombectomy devices were not yet available [6, 7]. Since 
then, extensive technical advancements resulted in dedi-
cated thrombectomy devices intended for the treatment 
of DMVOs.

Our retrospective analysis of DMVOs treated by MTE 
using the Tigertriever 13 showed a successful recanaliza-
tion rate of 84.4%. This rate is comparable to the rates 
reported for LVOs treated by MTE [1–3]. A direct compar-
ison of recanalization rates in DMVOs and LVOs appears 
appropriate because a successful and complete restoration 
of blood flow strongly correlates with a good clinical out-
come; however, there are still some important differences 
remaining [15, 16].

These differences are mainly related to the lack of evi-
dence regarding the optimal treatment strategy in DMVOs. 
Given the smaller absolute amount of salvageable tissue 
compared to LVOs, it is crucial to identify occlusions of 
those distal arteries that supply eloquent brain areas. In 
cases of primary DMVOs, the infarct pattern detected on 
CTP or MRI studies together with the clinical impairment 
helps to identify patients with DMVOs of eloquent areas. 
In these patients, the benefit of MTE will most likely out-
weigh the potentially higher risk of complications of MTE 
in small caliber vessels. An example within our series is 
a patient in group 1 with an initial NIHSS of 22 due to an 
occlusion of the A2 segment causing a complete infarction 
of the A2 territory.

Complications are not only related to the presumably 
higher risk of hemorrhagic events in distal MTE proce-
dures, as indicated by the rate of SAH and sICH found 
in our series. The procedure of MTE especially if carried 
out under general anesthesia does not only put the patient 
at a higher risk of hemorrhagic events. Further clinical 
impairment following MTE might result from a decrease 
of blood supply through collaterals due to a blood pressure 
drop during the procedure (general anesthesia).

In patients with only mild clinical impairment due to 
a distal branch occlusion, a conservative treatment regi-
men including an elevation of blood pressure in order to 
support the blood supply via leptomeningeal anastomoses 
might be preferable.

However, in some patients, additional discrepant 
infarcts outside the expected territory supplied by the 
occluded artery may occur. These “discrepant infarcts” 
are caused by a secondary migration of the clot, additional 
infarcts in different locations, or as complications dur-
ing endovascular procedures. Discrepant infarcts due to 
DMVO are associated with more severe deficits and poor 
outcomes according to Ospel et al., which might justify 
MTE in distal and medium vessels [17].
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Fig. 2  a CT perfusion imaging 
in a patient with a wake-up 
stroke (right-sided hemiparesis; 
NIHSS 8) indicating the infarct 
core with a surrounding penum-
bra. b angiogram of the left ICA 
indicates an occlusion of the 
M3 segment of the left MCA; 
lateral view. c Placement and 
expansion of the Tigertriever 13 
within but mostly distal to the 
clot; lateral view. d Success-
ful reperfusion after two MTE 
maneuvers using Tigertriever 
13; lateral view. e Plain CT 
within 24 h after the procedure 
indicates the estimated infarct 
without evidence of SAH 
(NIHSS 3 at discharge); axial 
reconstruction. f Tigertriever 13 
with the clot trapped within the 
mesh of the device
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The spectrum and the rate of complications as well as the 
optimal procedural setup of MTE in DMVOs are different to 
that in LVOs and not yet clearly defined [6].

To date only one study focuses on DMVOs exclusively 
treated with the Tigertriever 13. Rikhtegar et al. presented 
a series of 115 patients suffering from DMVOs treated with 
the Tigertriever 13. They subdivided their series into those 
with a primary and a secondary (following LVO MTE) 
DMVO as we did in our series [9]. Different to our cases, 
they defined a third group, which summarized cases of 
“hyperacute” DMVOs following the treatment of intrac-
ranial aneurysms or arteriovenous malformations (AVM). 
They observed no statistically significant differences regard-
ing the successful recanalization rate between group 1 and 2 
(70.5% group 1 versus 73.2% group 2). Even though this rate 
appears somewhat lower, it is comparable to our successful 
recanalization rate of 84.8%, since in the mentioned study, 
the eTICI score (2b 67–89% of the territory) was applied in 
contrast to our study where the mTICI score (2b < 50% of 
the territory) was used. The successful recanalization rate 
of distal vessel occlusions following endovascular aneurysm 
or AVM treatment (group 3) was 100.0% in the mentioned 

study, which might be explained by the “hyperacute” status 
without a “time frame” for thrombus organization.

The comparability within the different studies targeting 
MTE in distal occlusions is limited by the fact that in most of 
them, M2 occlusions represent the major proportion of “dis-
tal” occlusions treated. We excluded M2 occlusions from our 
analysis in line with the study by Rikhtegar et al., seeing as 
MTE techniques/devices needed in these locations do not 
relevantly differ from those for LVOs.

Furthermore, we made reference to the recently presented 
definition of medium vessels by Goyal et al., who aside 
from the M2 segment proposed to exclude the P1 PCA and 
the A1 ACA as well [18]. However, several authors have 
already presented their experience in the treatment of distal 
or small caliber vessel occlusions using devices other than 
the Tigertriever 13, while the definition of “distal vessel” 
varies. Hofmeister et al. presented a series of distal vessel 
occlusions using the Catch Mini stent retriever (Balt, Mont-
morency, France) in 41 patients, where the majority were 
M2 occlusions. They observed a successful recanalization 
rate of 78.0% without hemorrhagic complications related 
to the procedure [19]. This is in line with the results of 

Table 1  The entire and 
subgroup angiographic and 
clinical results including the 
location of the DMVO treated 
(group 1, acute stroke due to 
a primary DMVO; group 2, 
DMVO treated in the setting 
of MTE in LVO); for primary 
DMVOs (group 1), the median 
NIHSS-shift is given according 
to the specific location

[No] NIHSS Attempts Successful 
recanalization

Unsuccessful 
recanalization

mRS at discharge 0–2

Median admis-
sion-discharge

Median/range [%] [%] [%]

Entire group
Total 45 9–3 2/1–7 84.4 (38/45) 15.5 (7/45) 53.5 (23/43)
Localization
M3 23 2/1–3 73.9 (17/23) 26.1 (6/23)
A2 9 1/1–3 100.0 (9/9) 0.0 (0/9)
A3 3 1/1–1 100.0 (3/3) 0.0 (0/3)
A4 1 3/3–3 100.0 (1/1) 0.0 (0/1)
P2 8 3/2–7 87.5 (7/8) 12.5 (1/8)
SCA 1 1/1–1 100.0 (1/1) 0.0 (0/1)
Group 1
Total 32 7–3 2/1–7 81.3 (26/32) 18.8 (6/32) 64.5 (20/31)
Localization
M3 17 8–4 2/1–3 70.6 (12/17) 29.4 (5/17)
A2 4 6–6 1,5/1–3 100.0(4/4) 0.0 (0/4)
A3 2 12–2 1/1–1 100.0 (2/2) 0.0 (0/2)
P2 8 2–2 3/2–7 87.5 (7/8) 12.5 (1/8)
SCA 1 3–1 1/1–1 100.0 (1/1) 0.0 (0/1)
Group 2
Total 13 13–7 1/1–3 92.3 (12/13) 7.7 (1/13) 23.1 (3/13)
Localization
M3 6 1/1–2 83.3 (5/6) 16.7 (1/6)
A2 5 1/1–1 100.0 (5/5) 0.0 (0/5)
A3 1 1/1–1 100.0 (1/1) 0.0 (0/1)
A4 1 3/3–3 100.0 (1/1) 0.0 (0/1)
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comparable studies where different types of self-expandable 
stent retrievers were applied [20, 21]. There is little experi-
ence with low profile stent retrievers in DMVOs following 
the definition of Goyal et al. Onal et al. as well as Haussen 
et al. reported a 100.0% successful recanalization rate in 
DMVOs in their studies using low profile self-expandable 
stent retrievers [8, 22].

A major issue regarding MTE with stent retrievers 
especially in DMVOs is the potentially higher risk of ves-
sel injuries that might cause focal SAH. On follow-up CT 
imaging performed within 24 h following the procedure, the 
rate of focal SAH was 14.0% in the entire series. All cases 
of focal SAH without angiographic evidence of active con-
trast extravasation during the procedure remained clinically 
silent. This is in accordance with the results of Rikhtegar 
et al., who defined postoperative subarachnoid contrast 
extravasations as a benign epiphenomenon induced by the 
deviation of the distally located vessels during withdrawal 
of the stent retriever [9]. However, one patient with mild 
clinical symptoms caused by an M3 occlusion (NIHSS 3) 
experienced a fatal SAH following MTE with the Tiger-
triever 13. This underlines that the indication for MTE in 
DMVOs needs to be carefully weighted against the potential 
benefit. The prevalence of additional factors that might influ-
ence the risk of vessel injuries should be taken into account: 
additional IVT, underlying coagulation disorders, arterial 
hypertension, success of recanalization, atherosclerotic dis-
ease, vessel tortuosity, thrombus composition, and especially 
the number of passes with the stent retriever will certainly 
have an influence on the occurrence of SAH after MTE for 
DMVOs [23, 24]. Our median number of thrombectomy 
maneuvers within the entire series was 2, which is compara-
tively low when compared to MTE in LVOs. This reflects 
the more defensive strategy in DMVOs.

For MTE in LVOs, stent retrievers are associated with a 
higher incidence of vessel injuries compared to aspiration 
alone [25, 26]. It is not proven that this is true DMVOs as 
well; however, it might favor aspiration alone. On the other, 
even in distal locations, MTE with stent retrievers may lead 
to higher rates of reperfusion than aspiration alone [27]. 
The latter is supported not only by our overall results with 
the Tigertriever 13 but also by the four failed cases using 
the Tigertriever 13 that were successfully treated with the 
Catch Mini stent retriever, while aspiration alone failed in 
two of four failed cases. In DMVOs of highly tortuous ves-
sels, aspiration might fail due to the impaired navigability of 
appropriate aspiration catheters with a lumen large enough 
to aspirate the clot. The compatibility of the Tigertriever 13 
with a highly flexible 0.013 inch microcatheter allows for 
MTE in locations where other strategies may fail.

All cases of sICH with two of the three resulting in a 
fatal outcome occurred in patients with an underlying LVO, 
while all of them were wake-up strokes with multiple MTE 

maneuvers performed. These are well-known predictors of 
sICHs unrelated to a remaining or preexistent DMVO [28]. 
Therefore, a causative relation to the MTE performed with 
Tigertriever 13 remains highly uncertain. It is more plau-
sible that these sICHs were related to an underlying large 
ischemia caused by the underlying LVO with the above-
described conditions.

The concept of the Tigertriever offers the possibility to 
manipulate the expansion and the radial force of the device. 
This might help to obtain a higher likelihood of capturing 
the clot compared to traditional stent retrievers, where the 
operator cannot alter the expansion [12–14].

Whether a gentle relaxation of the Tigertriever with a 
reduction of the radial force during withdrawal reduces 
straightening of the vasculature and with this the risk of 
vessel injuries remains speculative. This assumption is sup-
ported by the results of Katz et al., who, in their experimen-
tal study, proved that in smaller vessels (1.5–2.24 mm), the 
radial force is lower with braided stent retrievers as com-
pared to laser cut devices [29]. They discussed that mini-
mizing the radial force of a stent retriever may reduce the 
incidence of vessel wall injuries (withdrawal of Tigertriever 
13), while on the other hand, a high radial force would be 
associated with a higher rate of clot removal (expansion of 
the Tigertriever within the clot). However, the mesh of the 
Tigertriever can be manually over-expanded, whereas the 
radial force of conventional stent retrievers is determined 
by the diameter of the vessel. Over-expansion of the Tiger-
triever might result in a deformation of the mesh within the 
vessel, which we described as the “tear-drop-phenomenon” 
(Fig. 1). The retrieval of the over-expanded device without 
previous reduction of expansion might increase the risk of 
vessel wall injuries.

Our study has limitations mainly related to the retrospec-
tive design without predefined clinical and anatomical cri-
teria for MTE in DMVOs. Furthermore, it was upon the 
operator’s discretion to apply the Tigertriever 13 and how 
often to perform MTE maneuvers without fixed criteria or an 
institutional standard regarding the technical setup in MTE 
of DMVOs.

Conclusion

MTE in DMVOs using the Tigertriever 13 leads to high 
recanalization rates. The incidence of clinically asympto-
matic hemorrhagic events appears to be higher in compari-
son with that in MTE procedures in LVOs. The indications 
for MTE in DMVOs need to be carefully weighted against 
the potential benefit. Further studies will help to identify 
anatomical and clinical criteria, which will contribute to 
establishing a guideline for MTE in DMVOs.
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mRS: Modified Rankin scale; TICI: Thrombolysis in cerebral infarc-
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plasminogen activator

Declarations 

Conflict of interest Author 1—agreement with Rapid Medical for con-
sulting.
Author 2—none.
Author 3—none.
Author 4—none.
Author 5—none.
Author 6—agreement with Rapid Medical for consulting.

Ethical approval All procedures performed in the studies involving 
human participants were in accordance with the ethical standards of 
the institutional and/or national research committee and with the 1964 
Helsinki Declaration and its later amendments or comparable ethical 
standards.

Informed consent A separate informed consent from each patient 
before inclusion in this study was not required due to the retrospective 
design of the study.

References

 1. Berkhemer OA, Fransen PS, Beumer D, van den Berg LA, 
Lingsma HF, Yoo AJ, Schonewille WJ, Vos JA, Nederkoorn PJ, 
Wermer MJ, van Walderveen MA, Staals J, Hofmeijer J, van Oost-
ayen JA, Lycklama à Nijeholt GJ, Boiten J, Brouwer PA, Emmer 
BJ, de Bruijn SF, van Dijk LC, Kappelle LJ, Lo RH, van Dijk EJ, 
de Vries J, de Kort PL, van Rooij WJ, van den Berg JS, van Has-
selt BA, Aerden LA, Dallinga RJ, Visser MC, Bot JC, Vroomen 
PC, Eshghi O, Schreuder TH, Heijboer RJ, Keizer K, Tielbeek AV, 
den Hertog HM, Gerrits DG, van den Berg-Vos RM, Karas GB, 
Steyerberg EW, Flach HZ, Marquering HA, Sprengers ME, Jen-
niskens SF, Beenen LF, van den Berg R, Koudstaal PJ, van Zwam 
WH, Roos YB, van der Lugt A, van Oostenbrugge RJ, Majoie 
CB, Dippel DW MR CLEAN Investigators (2015) A randomized 
trial of intraarterial treatment for acute ischemic stroke. New Eng 
J Med 372:11-20

 2. Goyal M, Menon BK, van Zwam WH, Dippel DW, Mitchell PJ, 
Demchuk AM, Dávalos A, Majoie CB, van der Lugt A, de Miquel 
MA, Donnan GA, Roos YB, Bonafe A, Jahan R, Diener HC, van 
den Berg LA, Levy EI, Berkhemer OA, Pereira VM, Rempel J, 
Millán M, Davis SM, Roy D, Thornton J, Román LS, Ribó M, 

Beumer D, Stouch B, Brown S, Campbell BC, van Oostenbrugge 
RJ, Saver JL, Hill MD, Jovin TG, HERMES collaborators (2016) 
Endovascular thrombectomy after large-vessel ischemic stroke: 
a meta-analysis of individual patient data from five randomized 
trials. Lancet 387:1723–1731

 3. Campbell BCV, Donnan GA, Lees KR, Hacke W, Khatri P, Hill 
MD, Goyal M, Mitchell PJ, Saver JL, Diener HC, Davis SM 
(2014) Endovascular stent thrombectomy: the new standard of 
care for large vessel ischemic stroke. Lancet Neurol 14:846–854

 4. Powers WJ, Derdeyn CP, Biller J, Coffey CS, Hoh BL, Jauch EC, 
Johnston KC, Johnston SC, Khalessi AA, Kidwell CS, Meschia 
JF, Ovbiagele B, Yavagal DR (2015) American Heart Association 
Stroke Council. American Heart Association/American Stroke 
Association focused update of the 2013 guidelines for the early 
management of patients with acute ischemic stroke regarding 
endovascular treatment: a guideline for healthcare professionals 
from the American Heart Association/American Stroke Associa-
tion. Stroke 46(10):3020-3035

 5. Aguilar Perez M, Miloslavski E, Fischer S, Bäzner HJ, Henkes 
H (2012) Intracranial thrombectomy using the Solitaire stent: a 
historical vignette. J NeuroIntervent Surg 4(6):e32

 6. Saver JL, Chapot R, Agid R, Hassan A, Jadhav AP, Liebeskind 
DS, Lobotesis K, Meila D, Meyer L, Raphael G, Gupta R (2020) 
Distal Thrombectomy Summit Group Thrombectomy for distal, 
medium vessel occlusions. Stroke 51(9):2872–2884

 7. Hofmeister J, Kulcsar Z, Bernava G, Pellaton A, Yilmaz H, Erceg 
G, Vargas MI, Lövblad K-O, Paolo M (2018) The Catch Mini stent 
for mechanical thrombectomy in distal intracranial occlusions. J 
Neuroradiol 45:305–309

 8. Onal Y, Velioglu M, Demir U, Celikoglu E, Karakas HM (2020) 
Feasibility of distal mechanical M3, A3 and P3 Segments via a 
0.013-inch delivery system: preliminary experience. Turk Neuro-
surg 30(4):614–620

 9. Rikhtegar R, Mosimann PJ, Weber P, Wollocha M, Yamac E, 
Mirza_Aghazadeh-Attari M, Chapot R (2021) Effectiveness of 
very low profile thrombectomy device in primary distal medium 
vessel occlusion, as rescue therapy after incomplete proximal 
recanalization or following iatrogenic thromboembolic events. J 
NeuroIntervent Surg 0:1–6

 10. Hacke W, Kaste M, Fieschi C, von Kummer R, Davalos A, Meier 
D, Larrue V, Bluhmki E, Davis S, Donnan G, Schneider D, Diez-
Tejedor E, Trouillas P (1998) Randomized double-blind placebo-
controlled trial of thrombolytic therapy with intravenous alteplase 
in acute ischemic stroke (ECASSII). Second European-Australian 
acute stroke study investigators. Lancet 352:1245–1251

 11. Maus V, Styczen H, Liman J, Maier I, Brem A, Tsogkas I, Psycho-
gios MN (2019) Intracranial mechanical thrombectomy of large 
vessel occlusions in the posterior circulation using SAVE. BMC 
Neurol 19:197

 12. Will L, Maus V, Maurer C, Weber A, Weber A, Weber W, Fischer 
S (2020) Mechanical thrombectomy in acute ischemic stroke using 
a manually expandable stent retriever (Tigertriever): preliminary 
single-center experience. Clin Neuroradiol 2020 Jun 11 Online 
ahead of print.

 13. Kara B, Selcuk HH, Erbahceci Salik A, Zalov H, Yildiz O, Gul G, 
Balkan B (2020) Single-center experience with the Tigertriever 
device for the recanalization of large vessel occlusions in acute 
ischemic stroke. J NeuroIntervent Surg:1–5

 14. Gupta R, Saver JL, Levy E, Zaidat OO, Yavagal DR, Liebeskind 
DS, Khaldi A, Gross BA, Lang MJ, Narayanan S, Jankowitz BT, 
Snyder KV, Siddiqui AH, Davies JM, Lin E, Hassan AE, Hanel 
R, Aghaebrahim A, Kaushal R, Malek AR, Mueller-Kronast NH, 
Starke RM, Bozorgchami H, Nesbit GM, Priest R, Horikawa M, 
Liu J, Budzik RF, Pema P, Vora N, Taqi M, Samaniego EA, Wang 
QT, Nossek E, Dabus G, Linfante I, Puri AS, Abergel E, Stark-
man S, Tateshima S, Jadhav AP (2021) A new class of radially 



Neuroradiology 

1 3

adjustable stentrievers for acute ischemic stroke: primary results 
of the multicenter Tiger Trial. Stroke 2021 Mar 19 [Online ahead 
of print]

 15. Dargazanli C, Fahed R, Blanc R, Gory B, Labreuche J, Duhamel 
A, Marnat G, Salema S, Costalet V, Bracard S, Desal H, Mazighi 
M, Consoli A, Piotin M, Lapergue B, ASTER Trial Investigators 
(2018) Modified thrombolysis in cerebral infarction 2C/throm-
bolysis in cerebral infarction 3 reperfusion should be the aim of 
mechanical thrombectomy: insights from the ASTER Trial (Con-
tact Aspiration versus Stent Retriever for successful Revasculari-
zation). Stroke 49(5):1189–1196

 16. Sweid A, Head J, Tjoumakaris S, Xu V, Shivashankar K, Alexan-
der T, Dougherty J, Gooch M, Herial N, Hasan D, DePrince M, 
Rosenwasser R, Jabbour P (2019) Mechanical thrombectomy in 
distal vessels: revascularization rates, complications, and func-
tional outcome. World Neurosurgery 130:e1098–e1104

 17. Ospel JM, Cimflova P, Marko M, Mayank A, Hafeez M, Alme-
khlafi MA, Hill MD, Demchuck AM, Menon BK, Goyal M (2020) 
Prevalence and outcomes of medium vessel occlusions with dis-
crepant infarct patterns. Stroke 51(9):2717–2824

 18. Goyal M, Ospel JM, Menon BK, Hill MD (2020) MeVO: the next 
frontier? J NeuroIntervent Surg 12:6

 19. Hofmeister J, Kulcsar Z, Bernave G, Pellaton A, Yilmaz H, Erceg 
G, Vargas MI, Lövblad KO, Machi P (2018) The Catch Mini stent 
retriever for mechanical thrombectomy in distal intracranial occlu-
sions. J Neuroradiol 45(5):305–309

 20. Kurre W, Aguilar-Perez M, Martinez Moreno R, Schmid E, 
Bäzner H, Henkes H (2017) Stent retriever thrombectomy of small 
caliber intracranial vessels using pREset LITE: safety and efficacy. 
Clin Neuroradiol 27:351–360

 21. Pfaff J, Herweh C, Pham M, Schieder S, Ringleb PA, Bendzus M, 
Möhlenbruch M (2016) Mechanical thrombectomy of distal occlu-
sions in the anterior cerebral artery: recanalization rates, peripro-
cedural complications, and clinical outcome. AJNR 37:673–678

 22. Haussen D, Lima A, Nogueira RG (2016) The Trevo XP 3x20mm 
retriever (Baby Trevo) for the treatment of distal intracranial 
occlusions. J Neurointerv Surg 8(3):295–299

 23. Loh Y, Jahan R, McArthur DL, Shi ZS, Gonzalez NR, Duckwiler 
GGR, Vespa PM, Starkmann S, Saver JL, Tateshima S, Liebeskind 
DS, Vinuela F (2010) Recanalization rates decrease with increas-
ing thrombectomy attempts. AJNR Am J Neuroradiol 31:935–939

 24. Shi ZS, Liebeskind D, Loh Y, Saver J, Starkmann S, Vespa P, 
Gonzales N, Tateshima S, Jahan R, Feng L, Miller C, Ali L, Ovbi-
agele B, Kim D, Duckwiler GR, Vinuela F, Endovascular Stroke 
Therapy Investigators UCLA (2010) Predictors of subarachnoid 
hemorrhage in acute ischemic stroke with endovascular therapy. 
Stroke 41(12):2775–2781

 25. Lapergue B, Blanc R, Guedin P, Decroix JP, Labreuche J, Preda 
C, Bartolini B, Cocsun O, Redjem H, Mazighi M, Bourdain F, 
Rodesch G, Piotin M (2016) A direct aspiration, first pass tech-
nique (ADAPT) versus stent retrievers for acute stroke therapy: 
an observational comparative study. AJNR Am J Neuroradiol 
37(10):1860–1865

 26. Barchetti G, Cagnazzo F, Raz E, Barbagallo G, Toccaceli G, 
Peschillo S (2020) Mechanical thrombectomy of distal occlusions 
using a direct aspiration first pass technique compared with new 
generation of Mini-0.017 microcatheter compatible-stent retriev-
ers: a meta-analysis. World Neurosurg 134:111–119

 27. Haussen DC, Eby B, Al Bayati AR, Grossberg JA, Frankel GMR, 
Nogueira RG (2020) A comparative analysis of 3 MAX aspiration 
versus 3 mm Trevo retriever for distal occlusion thrombectomy in 
acute stroke. J Neurointerv Surg 12(3):279–282

 28. Yonggang H, Dong Y, Huaiming W, Wenje Z, Meng Z, Yu G, 
Zhiming Z, Wei W, Haowen X, Xiguang T, Penghua L, Yuxiu L, 
Yunyun X, Xinfeng L, Gelin X, ACTUAL Investigators (Endovas-
cular Treatment for Acute Anterior Circulation Ischemic Stroke 
Registry) (2017) Predictors for symptomatic intracranial hem-
orrhage after endovascular treatment of acute ischemic stroke. 
Stroke 48(5):1203–1209

 29. Katz JM, Hakoun AM, Dehdashti AR, Chebl AB, Janardhan 
V, Janardhan V (2019) Understanding the radial force of stroke 
thrombectomy devices to minimize vessel wall injury: mechani-
cal bench testing of the radial force generated by a novel braided 
thrombectomy assist device compared to laser-cut stent retrievers 
in simulated MCA vessel diameters. Intervent Neurol 8:206–214

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The Tigertriever 13 for mechanical thrombectomy in distal and medium intracranial vessel occlusions
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Material and methods
	Data analysis
	Tigertriever 13endovascular procedure
	Ethical statement

	Results
	Entire population
	Detailed analysis

	Discussion
	Conclusion
	References


