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Distal medium vessel occlusions (DMVOs) are thought to cause as many as 25% to 40% of all
acute ischemic strokes and may result in substantial disability amongst survivors. Although
intravenous thrombolysis (IVT) is more effective for distal than proximal vessel occlusions, the
overall efficacy of IVT remains limited in DMVO with less than 50% of patients achieving reperfusion
and about 1/3 to 1/4 of the patients failing to achieve functional independence. Data regarding
mechanical thrombectomy (MT) among these patients remains limited. The smaller, thinner, and Recelved: August 12, 2023
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more tortuous vessels involved in DMVO are presumably associated with higher procedural risks
whereas a lower benefit might be expected given the smaller amount of tissue territory at risk.
Recent advances in technology have shown promising results in endovascular treatment of DMVOs
with room for future improvement. In this review, we discuss some of the key technical and clinical
considerations in DMVO treatment including the anatomical and clinical terminology, diagnostic
modalities, the role of IVT and MT, existing technology, and technical challenges as well as the
contemporary evidence and future treatment directions.
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Introduction

Distal medium vessel occlusions (DMVOs) account for approxi-
mately 25% to 40% of all acute ischemic strokes (AIS)."” Despite
their relatively high frequency, there is no consensus regarding
the optimal management of these patients. The current AHA/ASA
(American Stroke Association/American Heart Association) guide-
lines state that "Although the benefits are uncertain, the use of

mechanical thrombectomy (MT) with stent retrievers may be rea-
sonable for carefully selected patients with AlS in whom treat-
ment can be initiated (groin puncture) within 6 hours of symp-
tom onset and who have causative occlusion of the M2 or M3
segments of the middle cerebral artery (MCA) as well as of the
anterior cerebral arteries (ACA), vertebral arteries, basilar artery,
or posterior cerebral arteries (PCA) (level Ib)."* The ESO/ESMINT
(European Stroke Organisation—European Society for Minimally
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Invasive Neurological Therapy) guidelines concur that “patients
with M2 occlusion fulfilled the inclusion criteria in most ran-
domized trials and therefore MT is reasonable in this situation”
but does not make any specific recommendation regarding en-
dovascular treatment (EVT) for occlusions involving the M3 seg-
ments of the MCA, the ACA, or the PCA.* However, the fact that
AIS related to DMVO often results in significant disability despite
best medical treatment including intravenous thrombolysis (I\VT)
calls for novel treatment approaches.>®

Data regarding MT in DMVO stroke patients remains relatively
limited. Among the recent EVT randomized trials demonstrating
EVT efficacy, DMVO was found in a small minority of the patients
with most of the “distal occlusions” involving a dominant (sup-
plying >50% of the territory, n=73) or co-dominant (supplying
50% of the territory, n=50) MCA-M2.® In fact, there were only
seven non-dominant M2 occlusions in the expanded HERMES
meta-analysis and “other occlusions” comprised only 2% (n=23)
of all patients included in the initial HERMES meta-analysis en-
compassing 1,287 patients across the first five randomized EVT
trials.” Fortunately, a growing number of non-randomized stud-
ies have now been published demonstrating the feasibility of EVT
for DMVO strokes."*" These studies have demonstrated that
distal EVT leads to high rates of successful reperfusion and may
be performed with a comparable safety profile to that of EVT for
proximal arterial occlusions. However, non-randomized studies
are known to be associated with high risk of biases. Therefore,
there is a strong rationale to test the safety and efficacy of EVT
for DMVO strokes in prospective randomized clinical trials. Our
aim is to provide an objective review of the literature on the
topic of DMVO including a brief discussion about the ongoing
and planned clinical trials.

Cerebrovascular occlusions: anatomical
and clinical terminology

There have been recent attempts to better define the nomencla-
ture for the different vascular territories involved in AIS. Saver
et al.” proposed that cerebrovascular occlusions should be cat-
egorized both in terms of their distance/tortuosity (distal vs.
proximal vessel occlusions) and vessel size (large, medium, and
small vessel occlusions) with “medium vessels" being operation-
ally defined as cerebral arteries with lumen diameters between
0.75 mm and 2.0 mm. As such, the term proximal large vessel
occlusion (PLVO) should be typically applied for those occlusions
involving the intracranial internal carotid artery (ICA), the M1
segment of the MCA, the vertebral, and basilar arteries while the
term DMVO has been proposed for involvement of the M3-M4,
A2-A5, P2-P5, posterior inferior cerebellar artery, anterior infe-
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rior cerebellar artery, and superior cerebellar artery. The authors
also suggested a variation in the nomenclature for the occlu-
sions involving some of the more proximal vessels such as the
MCA-M2, ACA-A1, PCA-P1 depending on their caliber-distal
large or distal medium vessel occlusions.

Goyal and Collegues”'"*
an anatomic standpoint focused mostly on the vessel size with
little or no emphasis on the distance/tortuosity component while
also incorporating clinical deficits to its definition. The authors
suggested the term medium vessel occlusion (MeVO) to describe
the usual vessel sizes that allows for safe endovascular throm-

proposed a different system that from

bectomy based on available technology and techniques, with typ-
ical caliber ranging from 1 mm to 3 mm. In order to justify the
potential risks associated with MT, a clinical deficit criterion was
added to the definition to only include occlusions resulting in
National Institutes of Health Stroke Scale (NIHSS) =5 or NIHSS
<5 with disabling deficits."""* We tend to agree with Saver et al.?
in that vessels between 2 mm and 3 mm should be preferentially
considered large rather than medium vessels. A second concern
we have about the proposed MeVO definition is that the incor-
poration of clinical symptoms to an anatomic definition can be
problematic. For instance, the term large vessel occlusion (LVO)
is well-established and is often utilized even when it is associ-
ated with mild or even absent clinical deficits.

Finally, it is important to acknowledge that DMVOs or MeVOs
may have primary (de novo occlusions) or secondary presenta-
tions. Secondary presentations result from thrombus fragmen-
tation and migration leading to emboli to new territories or to
distal territories which may occur spontaneously or after IVT
and/or EVT.

Diagnostic modalities for DMVO/MeVO

Noninvasive imaging at presentation is crucial to establish DMVO/
MeVO diagnosis and to assist the treatment decision-making
(Figures 1-3). On non-contrast computed tomography, distal
rich-in-erythrocyte occlusive thrombi are expected to show a
hyperdense “dot" sign in the Sylvian triangle vessels.'® However,
systematic evaluation for dot signs is not well incorporated in
clinical practice. Future implementation of artificial intelligence
approaches may help overcome some of these challenges. In
addition, the hyperdense "dot" sign is highly dependent on clot
burden and composition and is not as well reported for ACA,
PCA, and cerebellar branch arteries. Likewise, on susceptibility-
weighted sequences, magnetic resonance imaging (MRI) can
show susceptibility vessel signs (peripheral blooming artifact).
This is demonstrated as a low-intensity signal for distal occlu-
sive rich-in-erythrocyte thrombi."® In contrast, erythrocyte-poor
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Figure 1. A 39-year-old female with acute onset of right hemiplegia, left gaze, and aphasia. Non-contrast computed tomography demonstrated the presence
of hyperdense "dot signs” in the Sylvian (indicated by arrows, A) and opercular (indicated by arrows, B) regions consistent thrombi involving the M2- and M3
segments of the left middle cerebral artery (indicated by arrows, C) which were successfully recanalized post-thrombectomy (D).

thrombi are typically not easily visualized. However, they might
be indirectly identified via the local slow flow supported by fluid
attenuation inversion recovery (FLAIR) vascular hyperintensity.”
Computed tomography angiography (CTA) and magnetic reso-
nance angiography (MRA) may provide high reliability in detect-
ing MCA-M2, ACA-A1, PCA-P1, and proximal cerebellar artery
occlusions. However, confusion can occur in more distal branches
due to decreased spatial resolution in face of the reduced ar-
tery diameter and the variability in branch anatomy. Hence, it
might be challenging to determine whether the loss of distal ves-
sel signal should be explained by an occlusion or anatomic vari-
ation. Novel CTA and MRA techniques (waveletCTA and 7-T MRA)
may overcome some of these limitations but they have limited
availability."”"® Therefore, computed tomography perfusion (CTP)
can serve as a reliable adjunct imaging tool for DMVO in which
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occlusion of the feeding vessel is suggested by hypoperfusion
in a wedge-shaped region matching the typical territory of dis-
tal ACA, MCA, or PCA** Interestingly, a recent study assessed
the possible role of CTP in stroke imaging protocol for admis-
sion in which hypoperfusion areas for vessel occlusion were de-
fined by Tmax >6 seconds, along with the clinical symptoms of
the corresponding vascular territory. The false negative rate of
vessel occlusion on CTA for patients undergoing EVT was 30.1%
(median Tmax >6 s: 69 [46-99.5] mL) which supports the role
of CTP in increasing both vessel occlusion diagnosis and EVT
rates.” The variability of imaging protocols for DMVOs among
published observational studies necessitates more research to
establish rigorous and specific imaging selection criteria. It is
noteworthy that direct to angiosuite (DTAS) is an emerging ap-
proach that may improve time metrics and outcomes com-
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Figure 2. A 68-year-old male with acute onset of left leg weakness. Quantitative computed tomography (CT) perfusion demonstrated a large area of hypoper-
fusion (Tmax >6 s) involving the right anterior cerebral artery territory with a significant mismatch (A). Conventional angiography confirmed complete occlu-
sion of the A2 segment of the left anterior cerebral artery (indicated by arrows, B) which was successfully recanalized post-thrombectomy (indicated by ar-
rows, C). Post-treatment brain magnetic resonance imaging disclosed an infarct similar to the “ischemic core” (relative CBF <30%) area previously identified

on the CT perfusion (D). CBF, cerebral blood flow.

pared with the direct transfer to conventional imaging (DTCI).**
Additionally, DTAS approach for NIHSS 210 might also increase
the diagnostic frequency and treatment of DMVO with high
clinical severity.”®

Recanalization rates after IVT in
DMVO/MeVO

The cumulative data suggests that, although IVT is comparatively
more effective for distal than proximal arterial occlusions, the over-
all efficacy of alteplase remains limited in the setting of DMVO/
MeVO with less than 50% of patients achieving recanalization.

Indeed, partial or complete recanalization with intravenous (IV)
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alteplase alone was achieved in only 52% of M2-M3 MCA oc-
clusions evaluated in a meta-analysis that included 2,063 pa-
tients across 26 studies.”® Similarly, IV alteplase before EVT re-
canalized only 43% of MCA-M3, ACA, or PCA and 37% of MCA-
M2 occlusions, compared with 2200 for MCA-M1 and 11% of ICA
occlusions, enrolled in the INTERRSeCT study.”’ In a combined
analysis of the INTERRSeCT and PRovelT studies comprising 258
MeVO (M2/M3/A2/A3/P2/P3 occlusions) patients, early recana-
lization on follow-up CTA was observed in 47% of patients re-
ceiving versus 21% of those not receiving alteplase (P=0.003).°

Similarly, the INSPIRE registry (n=945) demonstrated that the
post-alteplase IVT rates of complete recanalization on follow-up
CTA were higher in DMVO (174 M2, 87 M3, 28 ACA, 43 PCA oc-
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A 55-year-old male with acute onset of left homonymous hemianopsia. Brain magnetic resonance imaging (MRI) gradient echo sequence showed a
“susceptibility vessel sign” consistent with a red-blood-cell-rich thrombus within the distal right posterior cerebral artery (indicated by arrows, A). Qualitative
MRI perfusion demonstrated a large area involving the right posterior cerebral artery territory (as circled, B). Conventional angiography confirmed occlusion of
the fetal-type distal right posterior cerebral artery (indicated by arrows, C) which was successfully recanalized post-thrombectomy (indicated by arrows, D).

clusions) than M1 occlusions (66% vs. 49%, P=0.005).® Nota-
bly, the rates of complete reperfusion on follow-up CTP imaging
(e.g., perfusion lesion reduction >80% from baseline to 24-hour
CTP, or 24-hour perfusion lesion of zero) did not significantly
differ across groups (47% vs. 40%, P=0.365) in this study.

The natural history of DMVO/MeVO is highly variable depending
on the size and eloquence of the territory supplied by the involved
distal artery. In this setting, it becomes reasonable to postulate
that the degree of disability rather than the level of arterial oc-

clusion should ideally guide decisions around reperfusion thera-
py. In fact, there is a good rationale for this as a previous study
focusing on ICA, M1, and M2 occlusions concluded that stroke
clinical severity (e.g., NIHSS) and collateral flow appear to be
more important than the level of proximal intracranial arterial
occlusion in determining outcomes.”

In the INTERRSeCT and PRovelT combined analysis, amongst
the patients treated versus not treated with IVT, there was a sig-
nificant association of IV alteplase and overall disability (ordinal
90-day modified Rankin Scale [mRS]: adjusted common odds ra-
tio [cOR], 0.55; 95% confidence interval [Cl], 0.33-0.92; P=0.044)
but not with either excellent (90-day mRS 0-1: 53.20% vs. 41.7%;
adjusted OR [aOR], 1.70 [95% Cl, 0.88-3.25]) or good (90-day
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mRS 0-2: 68.3% vs. 65.3%; aOR, 1.54 [95% Cl, 0.70-3.36])
clinical outcomes.” Successful early recanalization had a robust
association with excellent outcome (aOR, 2.29 [95% Cl, 1.23-
4.28]) and ordinal mRS (adjusted cOR, 0.57 [95% Cl, 0.34-0.96])
as well a strong trend towards an association with good outcome
(aOR, 2.10 [95% Cl, 0.998-4.43]). The overall results remained
similar after excluding patients with proximal M2 occlusions
from the analysis.

Although functional outcomes in the INSPIRE registry were
better in patients with DMVO as compared to M1 occlusions (mRS
0-1: 55% vs. 37%; mRS 0-2: 73% vs. 50%, P<0.001), nearly one
in two DMVO patients failed to achieve excellent outcomes and
one in four failed to achieve independence.”® This study also dem-
onstrated that baseline ischemic core was a more powerful pre-
dictor of functional outcome than the site of occlusion and that
the relationship between ischemic core and outcome did not
differ according to site of occlusion.

A meta-analysis of the EXTEND, ECASS-4, and EPITHET trials
evaluated the potential benefit of IV alteplase in CTP-selected
patients treated between 4.5-9 hours.’ There were 155 non-LVO
patients with functional independence (mRS 0-2) being achieved
in 61% of the placebo and 65% of the alteplase patients. A to-
tal of 83 non-LVO patients were “mismatch positive” with 64%
of the placebo and 68% of the alteplase patients achieving
functional independence (BV Campbell, personal communica-
tion, 2020). Likewise, there was no significant benefit for IV al-
teplase either in terms of 90-day mRS 0-1 (OR: 1.44 [95% Cl,
0.52-3.96]) or 90-day mRS ordinal shift (OR: 1.65 [95% Cl, 0.76-
3.61]) even in the presence of mismatch.

Endovascular treatment for DMVO/
MeVO: feasibility data and outcomes

Over the last few years, the techniques and technologies of dis-
tal EVT have greatly advanced resulting in an increasing body of
literature to support the feasibility and safety of EVT for DMVO
strokes."* "

The Trevo Retriever Registry was an international, multicenter,
prospective, open-label registry that recruited a total of 2,008
patients at 76 sites across 12 countries between November 2013
and May 2017. There were 407 DMVOs in the study including
350 (86.0%) M2, 25 (6.1%) M3, 10 (2.5%) ACA, and 22 (5.4%)
PCA occlusions, out of which 376 had pre-morbid mRS 0-2. These
patients were compared with 1,268 PLVO patients.”” The median
baseline NIHSS score was lower in DMVO (13 [8-18] vs. 16 [12-
20], P<0.001) but there were no differences in terms of age, sex,
IV tissue plasminogen activator use, co-morbidities, or time to
treatment. Safety data including the rates of post-procedure
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reperfusion, symptomatic intracranial hemorrhage (sICH), and
90-mortality were comparable between both groups. DMVO
showed significantly higher rates of 90-day mRS 0-2 (68.3%
vs. 56.50%, P<0.001). After adjustment for potential confound-
ers, the level of arterial occlusion was not associated with the
chances of excellent outcome (DMVO for 90-day mRS 0-1: OR,
1.18 [95% Cl, 0.90-1.54], P=0.225), successful reperfusion, or
sICH. However, patients with DMVO were more likely to be func-
tionally independent (mRS 0-2: OR, 1.45 [95% Cl, 1.09-1.92],
P=0.01) at 90 days. Surprisingly, they also had higher mortality
within 90 days (OR, 1.54 [95% Cl, 1.06-2.27], P=0.02).

An analysis of the STAR Registry including 189 patients with
DMVO demonstrated that, as compared to PLVO, DMVO had
higher rate of good outcome (90-day mRS 0-2: 45% vs. 36%;
P=0.03) and lower rate of successful reperfusion (Thrombolysis
in Cerebral Infarction [TICI] 2b/3: 78% vs. 84%:; P=0.04).*° How-
ever, there were no significant differences after adjustments were
made for potential confounders. Notably, the rates of hemorrhagic
complication (6% vs. 5%, P=0.64) and 90-day mortality (22% vs.
19%, P=0.46) were also similar. Successful reperfusion (TICI 2b/3:
OR, 4.7 [95% Cl, 1.2-18.6], P=0.026), age (OR, 0.96 [95% Cl,
0.92-0.99], P=0.019), and baseline NIHSS scores (OR, 0.91 [95%
Cl, 0.84-0.98], P=0.016) but not technical modality (contact
aspiration [CA] vs. stent retriever [SR] vs. combined therapy as
first-line) were identified as predictors of good outcome in the
DMVO population.

In another published study from EVATRISP prospective registry,
92 patients with isolated ACA-stroke were identified, 55 (60%)
were treated with IVT only and 37 (40%) with EVT (+bridging IVT).
Although odds for favorable outcome, sICH and mortality did not
differ significantly between both groups, patients treated with
EVT tended to have higher stroke severity on admission (NIHSS:
10.0 vs. 7.0, P=0.054).”" In a systematic review including nine
studies (a total of 168 patients) with MT-treated ACA occlusions,
recanalization modified TICI 2b/3 was achieved in 80%, compli-
cations occurred in 17%, and mortality at 90 days was 19%.*

Another multicenter case-control study (TOPMOST study) in-
cluded 184 matched patients treated for primary distal occlu-
sion of P2 (81%) or P3 (19%). At discharge, the mean difference
of NIHSS score decrease between MT group and standard medi-
cal management group was -1.5 points (95% Cl, 3.2 to -0.8;
P=0.06). Interestingly, significant MT results were observed in
the subgroup with NIHSS =10 (mean difference, -5.6; 95% Cl,
-10.9 to -0.2; P=0.04) and in the subgroup without IVT (mean
difference, -3.0; 95% Cl, -5.0 to -0.9; P=0.005). sICH occurred
in 4.3% in each treatment cohort. In a sub-analysis of TOP-
MOST, the results showed that the initial reperfusion approach
was aspiration only in 29% and SR in 71%, with similar first-pass
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effect rates of 53.7% and 449% (P=0.297), respectively. There
were also no significant differences in early neurological improve-
ment (aspiration: 64.7% vs. SR: 52.2%; P=0.933) and mRS rates
(mRS 0-1, aspiration: 60.5% vs. SR 68.6%; P=0.4).**

In a recently published multicenter cohort study, 286 patients
with DMVO in anterior circulation were evaluated with 156 treat-
ed with EVT and 130 treated with medical managment (MM).
There was no difference in the unadjusted rate of 3-month func-
tional independence in the EVT versus MM groups (151 [51.7%]
vs. 124 [50.0%)]; P=0.78), excellent outcome (151 [38.4%)] vs. 123
[31.7%]; P=0.25), or mortality (139 [18.7%] vs. 106 [11.3%];
P=0.15). The rate of sICH was similar in the EVT versus MM groups
(weighted: 4.0% vs. 3.1%; P=0.90). In inverse probability of treat-
ment weighting propensity analyses, there was no significant dif-
ference between groups for functional independence (aOR, 1.36;
950 Cl, 0.84-2.19; P=0.20) or mortality (aOR, 1.24; 95% Cl, 0.63-
2.43; P=0.53), whereas the EVT group had higher odds of an ex-
cellent outcome (MRS scores, 0-1) at 3 months (aOR, 1.71; 95%
Cl, 1.02-2.87; P=0.04).”

Current technology and technical
considerations in DMVO/MeVO
treatment

One of the main challenges to the broad implementation of dis-
tal thrombectomy is related to the presumable less favorable
risk-benefit balance as compared to LVOs. Fortunately, there is
emerging data regarding safety of EVT in the distal territory em-
ploying newer techniques and devices."”

Smaller devices have been introduced and have shown prom-
ising results including the 3 mm Trevo NXT ProVue (Stryker Neu-
rovascular, Fremont, CA, USA), Solitaire X (Medtronic, Minneapolis,
MN, USA), Catch Mini (Balt, Montmorency, France), and pREset
LITE (phenox GmbH, Bochum, Germany) as well as the adjustable
2.5 mm Tigertriever 13 (Rapid Medical, Yogneam, Israel). An early
experience report of eight cases described the Trevo XP 3x20 mm
retriever (Baby Trevo) for DMVO and showed promising results
of feasibility in those cases. However, significant vasospasm af-
ter the device pass was noted in almost half of the patients but
all responded to infusion of an intra-arterial (IA) vasodilator (mil-
rinone and/or nicardipine).” Further studies validated this early
experience and built more supporting evidence for Trevo XP
3x20 mm retriever for DMVO0s.”***” Additionally, low profile
thrombectomy Tigertriever 13 device showed high rate of suc-
cessful recanalization and a reasonable safety profile.” Nota-
bly, nimodipine was systematically used in the flushing solution
of the quiding catheter to prevent vasospasm in this study. Like-
wise, thromboaspiration devices are evolving. Low profile aspi-

196 https://j-stroke.org

Nogueira et al.  Distal Medium Vessel Occlusion Strokes

ration catheters like 3MAX (Penumbra, Alameda, CA, USA) and
Zoom 35 (Imperative Care, Campbell, CA, USA) are designed to
be more compatible with the distal vasculature by providing more
flexibility, while maintaining appropriate suction force. These de-
vices are highly navigable, and we have had favorable experi-
ences even with trans-circulation approaches. ****

The shorter clot length often found in DMVO makes CA an at-
tractive option. However, one must acknowledge the potential
risks of blindly advancing a relatively large diameter device into
a vascular territory that typically curves, branches, and tappers
as the device sizing may be apparent adequate just proximally
to the occlusion but may become dangerously large just past to
it. This may lead to significant vascular injury and hemorrhagic
complications (Figure 4). In contrast, the use of small SR might
be safer as the clot is crossed with a lower profile microcathe-
ter and the SR device will more easily accommodate any unex-
pected differences in vessel caliber that might occur. Impor-
tantly and even more so in distal territories, deployment should
be achieved by unsheathing rather than pushing the SR and this
should be preferably performed in a relatively straight vessel seg-
ment. SRs have the advantage of working as a “probe” of the
distal vasculature which may help with the planning of the next
steps (Figure 5). However, the SR removal carries the risk of vas-
cular distortion due to both "straightening” and “stretching” ef-
fects that may result in the detachment of the small penetrat-
ing cortical feeders and hemorrhage (Figure 6). This vascular
distortion may be lessened by the placement of an aspiration
catheter in the proximal aspect of the SR to provide distal sup-
port and optimize the force vector (Figure 7).

In a comparative analysis of 3MAX aspiration versus 3 mm
Trevo Retriever, the 3 mm Trevo showed higher rates of first-pass
reperfusion than direct 3MAX thromboaspiration.”® However, the
optimal treatment modality choice might be influenced by clot
characteristics. In LVOs, clots that are associated with "hyper-
dense sign” on CT or "blooming artifact” on MRI seem to respond
better to SR whereas those that are not associated with these
imaging signs may respond better to CA.***’ The combined SR

Distal mechanical thrombectomy with contact aspiration: blind
navigation.
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Distal mechanical thrombectomy with stent retriever.

Distal mechanical thrombectomy with stent retriever showing
retraction Injury.

Distal mechanical thrombectomy with contact aspiration and
stent retriever.

and CA approach might be particularly advantageous in the set-
ting of DMVO. In the blind exchange with mini-pinning tech-
nique (BeMP), a 3 mm retriever is initially deployed which then
provides an “anchor” for the removal of the microcatheter. A small-
bore aspiration catheter is then “blindly" advanced over the bare
SR delivery wire (blind exchange). Once the SR delivery wire
comes out of the aspiration catheter, a gentle pull force can be
applied to the wire to facilitate the navigation of the catheter
until clot contact is achieved and aspiration applied. The retriever
is then partially resheathed in order to “cork” the thrombus (mini-
pinning) and finally the system is pulled as a unit."’ This technique
has been shown to be superior to either SR or CA in isolation."
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There are other critical anatomic factors to consider in the de-
cision-making process. It is typically challenging to perform EVT
in the distal superior division branches of the MCA due to their
greater tortuosity and multiple branching points. Intra-arterial
thrombolytics (IAT) might be a better option in this territory."' De-
ploying an SR to transiently increase the interaction surface for
IAT followed by resheathing the SR might be another approach
to consider in order to avoid the potential complications asso-
ciated with the straightening and stretching of the vascular anat-
omy. Many studies have reported the benefits of IAT as an up-
front or rescue strategy with promising beneficial results. In a
study that included 112 patients with a hyperdense MCA sign,
IAT was more beneficial than IVT with more favorable outcomes
after IAT (53%) than after IVT (23%; P=0.001), and lower mor-
tality after IAT (7%) than after IVT (23%; P=0.022).* Similarly,
according to the recent CHOICE trial, use of adjunct IAT with
alteplase resulted in a greater likelihood of excellent neurologi-
cal outcome compared with placebo.” Finally, general anesthe-
sia in DMVOs EVT might offer a greater advantage compared to
moderate sedation as it minimizes patients’ movements during
the procedure and subsequently yield to a safer technical course
while attempting to catheterize the more distal and fragile tar-
get arteries.

Equipoise in DMVO/MeVO treatment

Given the lack of solid evidence from randomized controlled
trials to support EVT for DMVO, there is a clinical equipoise in
DMVO/MeVO treatment. In an international cross-sectional sur-
vey exploring the preference of 366 participants from 44 coun-
tries, most physicians (59%) would treat patients with DMVOs
immediately with EVT. Some of the factors influencing this de-
cision-making were baseline NIHSS, core volume, IV thrombo-
lytic use, patients' age, and occlusion site. Most physicians were
also willing to accept patients transferred for EVT from a prima-
ry center (82%) and the majority of these (76.5%) were willing
to randomize these patients after transfer.* Patient age >65
years, A3 occlusion, small core volume, and patient IV alteplase
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eligibility significantly influenced the physician's decision to ran-
domize (aOR 1.24, 95% CI 1.13-1.36; aOR 1.17, 95% CI 1.01-
1.34; a0OR 0.98, 95% Cl 0.97-0.99; and aOR 1.38, 95% Cl 1.21-
1.57, respectively).*

Ongoing and planned clinical trials for
DMVO/MeVO

Multicenter randomized controlled trials have been recently pro-
posed to investigate the safety and efficacy of EVT, IAT, and IVT
for DMVO, with some few interesting variations in design and
intervention (Table 1).

Primary DMVO

In DISTAL trial (Switzerland, NCT05029414), intervention can
be initiated within 6 hours of last known well (LKW) or within
6 to 24 hours of LKW and imaging mismatch criteria on CT or
MRI and there is no restriction on the technique and devices
following local protocols and physicians' preference. In DISTALS
trial (NCT05152524), Tigertriever 13 device is used in patients

Nogueira et al.  Distal Medium Vessel Occlusion Strokes

with NIHSS 4-24, or NIHSS 2-24 for patients with aphasia and/or
hemianopia. The study necessiates perfusion lesion (Tmax >4.0 s)
volume >10 mL on CTP or MR perfusion-weighted imaging (PWI)
within the territory and occluded distal vessel diameter 21.5 mm
as measured on CTA or MRA. Additionally, ischemic core lesion
(relative cerebral blood flow <30% on CTP or apparent diffusion
coefficient <620 on MR DWI) in <50% of the perfusion lesion vol-
ume within 24 hours of LKW is required. The ESCAPE-MeVO trial
(NCT05151172) requires the use of the Solitaire X device (Medtron-
ic) within 12 hours. In the French DISCOUNT trial (NCT05030142),
the intervention is restricted to 6 hours with NIHSS <5. In DUSK
trial (NCT05983757), we are recruiting patients who are ineli-
gible for or have failed IV thrombolytic treatment with primary
DMVOs resulting in significant clinical deficits within 12 hours
of LKW.

Intravenous thrombolytics are also being considered for DMVO
treatment within 4.5-12 hours from time last seen well. The
RESILIENT EXTEND-IV (NCT05199662) is a phase Il randomized,
multicenter clinical trial in Brazil that aims to assess the role of
IV TNK in patients who suffer a non-LVO ischemic stroke within

Summary of the ongoing randomized clinical trials for distal medium vessel occlusion

Trial NCT Time window Sl NIHSS for inclusion Intervention device MR TR g Territory occlusion
enrollment protocol
DISTALS NCT05152524 Within 24 hours 168 NIHSS 4-24, or NIHSS  Tigertriever 13 CTA or MRA+CTP  Co-/non-dominant M2,
2-24 for patients or MR PWI M3, PCA, ACA
with aphasia and/or
hemianopia
DISTAL NCT05029414 Within 6 hours or 526 >4 points or symptoms  No restrictions CTA or MRA Co-/non-dominant M2,
within 6 to 24 deemed clearly M3, M4, A1, A2, A3,
hours of LKW disabling by treating P1, P2
with mismatch physician (i.e., aphasia,
criteria hemianopia, etc.)
ESCAPE-MeVO NCT05151172  Within 12 hours 530 >5 at the time of Solitaire X device CTA or MRA M2, M3, A2, A3, P2, P3
randomization or (3 mm, 4 mm, or
NIHSS 3-5 with 6 mm diameter
disabling deficit (e.g., devices; Medtronic)
hemianopia, aphasia,
loss of hand function)
DISCOUNT NCT05030142 Within 6 hours 488 NIHSS <5 Trevor NXT® ProVue Distal M2 (above the
Retriever; mid-height of the
Catchview mini; insula), M3, A1, A2,
pReset Lite; A3, P1, P2, P3
Tigertriever 13
DUSK NCT05983757 Within 12 hours 564 >5 at the time of The combination of  CTP or MR PWI  The non-dominant

randomization
or NIHSS 3-5 with
disabling deficit

Trevo NXT® ProVue M2 segment or M3
Retriever with the segment of the MCA,
AXS Vecta 46 the ACA (A1, A2, or
intermediate A3 segments), or the
catheter or AXS PCA (P1, P2 or P3
CAT 5 distal access segments)

catheter

NIHSS, National Institutes of Health Stroke Scale; CTA, computed tomography angiography; MRA, magnetic resonance angiography; CTP, computed
tomography perfusion; PWI, perfusion-weighted imaging; PCA, posterior cerebral artery; ACA, anterior cerebral artery; MCA, middle cerebral artery;

LKW, last known well.
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4.5-12 hours from LKW. Patients are expected to be ineligible for
IV thrombolytic treatment with alteplase due to onset >4.5 hours
and for EVT under standard of care due to absence of proximal
arterial occlusion with evidence of salvageable brain tissue on
perfusion imaging.

Secondary DMVO

IAT is under investigation treatment option for incomplete re-
perfusion and residual occlusions including DMVOs. TECNO
(NCT05499832) is a multicenter, randomized trial evaluating if
additional administration of IA TNK improves reperfusion in pa-
tients with an initial LVO in the anterior circulation with incom-
plete reperfusion and residual occlusions. For this purpose, 156
adult participants with incomplete reperfusions and residual
occlusions after MT are expected to receive either 3 mg IA TNK
or medical treatment alone. Per inclusion criteria, onset to ran-
domization should be within 345 minutes from LKW.

Challenges to trial translation and
implementation of DMVO/MeVO
therapy

Despite the advances in the devices, there are remaining tech-
nological limitations that must be addressed. In a case-based
international survey among neurointerventionalists, there was
an overall belief that there was a substantial room for improve-
ment in tools used for DMVO (68%). In particular, potential ad-
vancement can be focused on smaller size stent retrievers (32%),
softer device (23%) with less radial force (4%) and more navi-
gable aspiration catheters (31%), longer length (12%) with high
aspiration force (6%)." Notably, mini-stentrievers with 1.5 mm
and 2 mm diameters are now available in Japan. High hetero-
geneities regarding the type of DMVO (primary vs. secondary),
characteristics of each vessel and anatomical variabilities are
one of the most challenging parts of establishing generalizable
evidence, managing DMVOs and deciding the optimal treat-
ment approach. We believe there are hierarchical elements
that should be factored-in while triaging DMVOs with tortuos-
ity towards the occluded vessel being the most crucial factor
followed by the vessel caliber and finally the distance to the
occluded vessel. Eloquence mapping can be of additional value
to stroke imaging tools before decision to pursue EVT in DMVO
patients.

What to do while we wait for the
evidence?

In the absence of high-quality data, it becomes critical to ac-
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knowledge that DMVOs occur in smaller, thinner, and more tortu-
ous vessels and as such are potentially associated with a higher
treatment risk. DMVOs are also associated with smaller volumes
of tissue territory at risk, thus it is likely that treatment will re-
sult in lower (if any) benefit. However, despite the best available
medical treatments, outcomes are far from ideal. Therefore, EVT
becomes a very reasonable option for territories of high elo-
quence that are associated with severe disability, particularly in
the setting of a favorable anatomy and in the hands of experi-
enced operators. As treatment remains largely unproven, it is
essential to discuss the potential risks and benefits of treatment
even more carefully with the patients and their families.

Conclusion

In summary, DMVO strokes are common representing 25%-40%
of all AIS. IVT remains the only proven treatment for DMVOs but
results in only modest rates of successful recanalization with sig-
nificant residual disability in 25%-50% of the patients. More-
over, many patients are not eligible for IVT due to presentation
time or other contra-indications. Randomized trials of EVT for
PLVO stroke have demonstrated an overwhelming benefit over
standard medical treatment (including IVT) and the current data
suggests that EVT can be safely performed in the distal cerebro-
vasculature with technical outcomes that mirror the PLVO ex-
perience. This landscape strongly supports the need for random-
ized clinical trials to properly assess the safety and efficacy of
EVT in the treatment of DMVO strokes. If the results of such a
trial are positive, international guidelines and systems of care
would need to be updated in order to ensure optimal treatment
to many patients who otherwise would face severe long-term
disability.
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