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Refractory Stroke Thrombectomy: Prevalence, Etiology, and
Adjunctive Treatment in a North American Cohort

RN. Abdalla, " D.R. Cantrell, ““ A. Shaibani, ““M.C. Hurley, ““'B.S. Jahromi, ““’M.B. Potts, and "“'S.A. Ansari

ABSTRACT

BACKGROUND AND PURPOSE: Acute stroke intervention refractory to mechanical thrombectomy may be due to underlying vessel wall
pathology including intracranial atherosclerotic disease and intracranial arterial dissection or recalcitrant emboli. We studied the prevalence
and etiology of refractory thrombectomy, the safety and efficacy of adjunctive interventions in a North American-based cohort.

MATERIALS AND METHODS: We performed a multicenter, retrospective study of refractory thrombectomy, defined as unsuccess-
ful recanalization, vessel reocclusion in <72 hours, or required adjunctive antiplatelet glycoprotein IIb/llla inhibitors, intracranial
angioplasty and/or stenting to achieve and maintain reperfusion. Clinical and imaging criteria differentiated etiologies for refractory
thrombectomy. Baseline demographics, cerebrovascular risk factors, technical/clinical outcomes, and procedural safety/complica-
tions were compared between refractory and standard thrombectomy groups. Multivariable logistic regression analysis was per-
formed to determine independent predictors of refractory thrombectomy.

RESULTS: Refractory thrombectomy was identified in 25/302 cases (8.3%), correlated with diabetes (44% versus 22%, P=.02) as an inde-
pendent predictor with OR = 272 (95% Cl, 105-7.09; P=.04) and inversely correlated with atrial fibrillation (16% versus 45.7%, P =.005).
Refractory etiologies were secondary to recalcitrant emboli (20%), intracranial atherosclerotic disease (60%), and/or intracranial arterial dis-
section (44%). Four (16%) patients were diagnosed with early vessel reocclusion, and 21 patients underwent adjunctive salvage interventions
with glycoprotein IIb/llla inhibitor infusion alone (32%) or intracranial angioplasty and/or stenting (52%). There were no significant differen-
ces in TICI 2b/3 reperfusion efficacy (85.7% versus 90.9%, P = 48), symptomatic intracranial hemorrhage rates (0% versus 9%, P = .24),
favorable clinical outcomes (39.1% versus 48.3%, P =.51), or mortality (13% versus 28.3%, P = .14) versus standard thrombectomy.

CONCLUSIONS: Refractory stroke thrombectomy is encountered in <10% of cases, independently associated with diabetes, and
related to underlying vessel wall pathology (intracranial atherosclerotic disease and/or intracranial arterial dissection) or, less com-
monly, recalcitrant emboli. Emergent salvage interventions with glycoprotein lIb/llla inhibitors or intracranial angioplasty and/or
stenting are safe and effective adjunctive treatments.

ABBREVIATIONS: AIS = acute ischemic stroke; DAC = distal access catheter; ELVO = emergent large-vessel occlusion; GPI = glycoprotein lib/Illa inhibitors;
IAD = intracranial arterial dissection; ICAD = intracranial atherosclerotic disease; sICH = symptomatic intracranial hemorrhage

Multiple randomized controlled trials have established me-
chanical thrombectomy as the standard of care treatment
for acute ischemic stroke (AIS), secondary to an emergent large-
vessel occlusion (ELVO).! Successful recanalization has been
shown to be an independent predictor of favorable functional out-
comes, with studies emphasizing near-complete reperfusion for
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optimal outcomes.>® However, in the Highly Effective Reperfusion
evaluated in Multiple Endovascular Stroke Trials (HERMES)
meta-analysis of 5 randomized controlled trials constituting 634
endovascular cases, successful thrombectomy was achieved in 71%
of cases with nearly 30% of cases failing to achieve successful
revascularization."

Several causes have been postulated for the failure of throm-
bectomy, including anatomic difficulty, suboptimal devices, clot
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burden or composition, and underlying vessel wall pathology.* The
mechanism of vessel occlusion (embolic-versus-thrombotic) and
underlying vascular pathology determines the response to mechani-
cal thrombectomy.” Multiple studies from Asia have described
intracranial atherosclerotic disease (ICAD) as an important under-
lying etiology of refractory thrombectomy encountered in 15%-
20% of cases,”™ with fewer studies describing spontaneous intracra-
nial arterial dissection (IAD) or recalcitrant emboli as other
causes.” ! In refractory cases, in which there is a failure of recanali-
zation or progressive reocclusion after mechanical thrombectomy,
the use of adjunctive medical treatment with antiplatelet glycopro-
tein IIb/IIIa inhibitors (GPI) and endovascular interventions with
intracranial angioplasty and/or stenting have been described.”'*

To our knowledge, no studies have characterized the preva-
lence of refractory stroke thrombectomy and its underlying etiol-
ogies in a North American-based population. In our study, we
aimed to investigate the predictors of refractory thrombectomy
in patients presenting with AIS secondary to ELVO. We also
describe clinical and imaging features used to differentiate etiolo-
gies of underlying vessel wall pathology (ICAD and/or IAD) or
recalcitrant emboli. Finally, we assess the safety and efficacy of
adjunctive medical and endovascular treatment techniques in our
refractory thrombectomy cohort relative to patients undergoing
standard thrombectomy.

MATERIALS AND METHODS

Patient Population

Between January 2015 and December 2019, we identified consecu-
tive patients with AIS who underwent endovascular mechanical
thrombectomy for an ELVO at 3 Northwestern University affiliated
comprehensive stroke centers. An institutional review board (IRB)
approved retrospective study was conducted via a prospecti-
vely maintained multi-institutional neurointerventional database.
Emergent off-label use of Humanitarian Device Exemption (HDE)
intracranial stents were reported to the IRB and device manufac-
turers as required.

Patient and imaging criteria for mechanical thrombectomy
were the following: age >18 years; prestroke mRS score of <2;
presenting NTHSS score of =6 within 24 hours from last known
well; ASPECTS = 6; and CTA/MRA demonstrating anterior or
posterior circulation ELVO including the ICA, M1-M2 MCA, bas-
ilar artery, or the P1 segment of the posterior cerebral artery.
Patients presenting within 6-24 hours with anterior circulation
occlusions were treated if they fulfilled CTP/MRI and DWI-
PWI criteria (measured by RAPID post-processing software;
iSchemaView) as per the Triage of Wake-Up and Late Presenting
Strokes Undergoing Neurointervention with Trevo (DAWN) and/
or Endovascular Therapy Following Imaging Evaluation for
Ischemic Stroke 3 (DEFUSE) 3 trials.'*'*

Mechanical Thrombectomy Procedures and Adjunctive
Treatment of Refractory Cases

All procedures were attempted initially via transfemoral puncture
using 6F, 80- to 100-cm-long guide sheaths placed in the cervical
ICA or vertebral artery. Nearly all used a triaxial system with
coaxial advancement of large-bore (0.054- to 0.072-inch inner di-
ameter) distal access catheters (DACs) and 0.021- to 0.027-inch
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microcatheters using 0.014- to 0.016-inch microwires to cross the
thromboembolus for stent retriever deployment. Mechanical
thrombectomy was performed with DAC advancement to the prox-
imal aspect of the clot under continuous vacuum aspiration during
stent retriever deployment across the thromboembolus. Next, the
stent-delivery microcatheter was removed to maximize the DAC
vacuum aspiration force and stent retriever engagement of the clot
for ~5 minutes, and the combined stent retriever-DAC aspiration
complex was retracted into the cervical or distal guide sheath under
manual syringe aspiration. In a minority of cases, mechanical
thrombectomy was performed with a large-bore DAC reperfusion
catheter under vacuum aspiration without stent retriever use.

Refractory thrombectomy was defined as unsuccessful recana-
lization (TICI 0-1 reperfusion) after at least 3 passes or vessel
reocclusion identified within 72hours of presumed successful
thrombectomy. In addition, residual or recalcitrant emboli or
underlying intracranial vessel wall pathology (atherosclerotic pla-
que and/or an unstable dissection flap) that resulted in severe
flow-limiting stenoses with impending or progressive reocclusion
on immediate postthrombectomy angiograms were characterized
as refractory thrombectomy. In these refractory thrombectomy
cases, adjunctive rescue treatment was attempted with either GPI
(eptifibatide 180 mcg/kg or abciximab 0.25mg/kg in a single
patient) intracranial angioplasty and/or stenting at the discretion
of the neurointerventionalist. Following IV GPI infusion, serial
cerebral angiography assessed interval improvement in vessel sta-
bility and patency for at least 15 minutes. In cases of persisting flow
limitation or reocclusion despite GPI treatment, further salvage
with intracranial angioplasty and/or stenting was performed. If in-
tracranial stenting was the primary intervention, it was performed
with either concomitant GPI infusion, antiplatelet loading, or in
the setting of pre-existing dual-antiplatelet therapy.'”

All patients having experienced refractory thrombectomy and ad-
junctive interventions were placed on at least aspirin >300 mg daily
(300 mg rectal or 325 mg oral, depending on the patient’s ability to
swallow or the presence of a nasogastric tube) antiplatelet therapy
postprocedure. If intracranial stenting required dual-antiplatelet load-
ing, a 600-mg loading bolus of clopidogrel was provided (Siemens)
with 75-mg daily therapy after an intraprocedural cone beam CT or
postprocedure CT head study excluded intracranial hemorrhage
complications. Patients receiving clopidogrel for intracranial stenting
were followed with P2Y12 assays (VerifyNow, Acumetrics, San
Diego, CA) within 12hours to ensure an adequate antiplatelet
response. All standard and refractory thrombectomy cases had early
(<72hours) CTA and/or MR imaging/MRA follow-up available to
identify early vessel reocclusion or stable vessel patency.

Etiology Assessment of Refractory Thrombectomy Cases

We developed criteria to differentiate 3 potential etiologies for
refractory thrombectomy: 1) ICAD, 2) IAD, or 3) recalcitrant em-
bolus (Table). We used demographics (age), presentations (head-
ache/neck pain, trauma, recent cardiac surgery), type and number
of vascular risk factors (atrial fibrillation versus hypertension, dia-
betes mellitus, hyperlipidemia, prior stroke/TTA, and smoking),
cross-sectional (CT/MR imaging) and angiographic (CTA/MRA/
DSA) imaging findings (multivessel disease/peripheral vascular
calcifications, intimal flap/subintimal contrast, double lumen,



Clinical and Imaging Dagnostic Criteria to Differentiate Etiologies of Refractory Thrombectomy

ICAD

IAD Recalcitrant Embolus

Demographics Age = 65 Years

Presentations/Risk Factors
stroke/TIA, smoking

Multivessel disease

Peripheral vascular calcifications
(extracranial and intracranial ICA)

No stent normalization

Residual stenosis >50%

Imaging Findings

Interventional Findings

=3 Vascular risk factors: hypertension,
diabetes mellitus, hyperlipidemia, prior

Age = 55 Years Any age

Atrial fibrillation
Embolic infarcts:

>1 Vascular territory
Cardiac surgery
Calcified embolus

Trauma, acute headache, neck pain

Intimal flap
Double lumen

No stent normalization
Residual stenosis >50%
>3 Passes

Stent normalization
Residual stenosis <50%

calcified embolus, embolic distribution of infarcts >1 vascular ter-
ritory), interventional angiographic findings following stent re-
triever deployment for thrombectomy, GPI infusion, intracranial
angioplasty and/or stenting (>3 passes, stent normalization,
degree of residual stenosis). Two independent neurointerventional-
ists classified each refractory thrombectomy case into at least 1 of
the 3 underlying etiologies using this preset criteria (patients did
not need to meet all criteria to be classified into 1 category). IAD
cases were further classified into spontaneous/iatrogenic dissec-
tions versus superimposed IAD related to underlying ICAD pa-
thology (if patients satisfied crossover criteria of both categories).
Consensus was achieved in all cases.

Data and Outcome Analysis

We analyzed patient demographics (age, sex, race/ethnicity),
NIHSS presentations, vascular risk factors, ASPECTS, and ELVO
locations in the anterior (ICA and/or MCA) versus posterior
(basilar artery/P1 segment of the PCA) circulation. Interventions
were studied with respect to, IV tPA utilization, endovascular
times to treatment (last known well to puncture or successful
reperfusion), procedural times (puncture to reperfusion), angio-
graphic outcomes (reperfusion grade, device passes, first pass
reperfusion), major (neurovascular) or minor complications, and
symptomatic intracranial hemorrhage (sICH) as per the
European Cooperative Acute Stroke Study (ECASS-3) criteria on
1- to 3-day follow-up CT/MR imaging.'® Clinical outcomes were
assessed using the mRS and mortality at 90 days.

We adjudicated both angiographic and clinical outcomes to
assess procedural efficacy. Reported angiographic outcomes were
regraded using the modified TICI score and confirmed by a neu-
Successful
reperfusion efficacy was defined as modified TICI =2b, and com-

rointerventionalist blinded to the interventions.!”

plete reperfusion was defined as modified TICI 2¢/3. Favorable
clinical outcomes were defined as mRS = 2, consistent with an
independent or functional neurologic status requiring concord-
ance of separate assessments by both stroke neurology and neu-
rointerventional surgery practitioners at 90-day follow-up in the
outpatient clinic and/or by telephone. In cases of disagreement,
the lower modified TICI and higher mRS scores were used to re-
cord angiographic and clinical outcomes, respectively. Safety was
assessed by comparing major procedural complications, sICH,
and mortality at 90 days in the refractory thrombectomy cohort
relative to the standard thrombectomy control group.

Statistical Analysis

All statistical analyses were performed using SPSS software (Version
24.0, IBM). Continuous variables are presented as medians (mini-
mum-maximum) except for the number of thrombectomy passes
that are presented as mean (SD), while discrete and categoric varia-
bles are presented as counts and percentages. Continuous variables
were compared using the Mann-Whitney test, while categorical and
binary variables were compared using the Fisher exact or the x*
test. Univariate analyses compared baseline demographics and pro-
cedural, angiographic, and clinical outcomes between standard and
refractory thrombectomy groups. Multivariate analysis was per-
formed to identify independent predictors of refractory thrombec-
tomy with the patient’s age and vascular risk factors used as
variables for a logistic regression model. A P value of <.05 was con-
sidered statistically significant.

RESULTS

Mechanical stroke thrombectomy for an anterior or posterior cir-
culation ELVO was performed in 302 consecutive patients (me-
dian age, 70 years; range, 20-98 years; 162 women and 140 men),
with 25/302 (8.3%) meeting defined criteria for refractory throm-
bectomy. The Online Supplemental Data provides details on
baseline demographics, vascular risk factors, presentations, tech-
nical and clinical outcomes of the refractory thrombectomy
cohort in comparison with the standard thrombectomy group
(n=277/302).

Although there were presentation trends toward younger age
(66 versus 71 years, P=.09) and lower NIHSS scores (15 versus
17, P=.11) in patients experiencing refractory thrombectomy,
these did not reach statistical significance. There were no signifi-
cant differences in presentation times, IV tPA use, ELVO loca-
tions, or anterior-versus-posterior circulation occlusions. With
respect to vascular risk factors, diabetes was significantly associ-
ated with refractory thrombectomy (44% versus 22%; P=.02)
and the only independent predictor on logistic regression analysis
(OR = 2.72; 95% CI, 1.05-7.09; P =.04). Conversely, atrial fibril-
lation was inversely correlated with refractory thrombectomy
(16% versus 45.7%; P=.005), accounting for the predominant
etiology of intracranial vessel wall pathology (ICAD and/or IAD)
over recalcitrant/calcified emboli.

Two independent observers classified underlying etiologies
for refractory thrombectomy and achieved consensus as per the
predefined criteria (Table). ICAD was the most common vessel
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wall pathology associated with refractory thrombectomy in 15/25
(60%) patients, an isolated finding in 9 patients, and with super-
imposed IAD pathology in 6 patients. Five separate spontaneous
or iatrogenic intracranial dissections (5/25 or 20%) were identi-
fied for a total of 11/25 (44%) IAD etiologies. A minority of re-
fractory cases were determined to be secondary to recalcitrant/
calcified emboli in 5/25 (20%).

In the refractory cohort, 4 of 25 (16%) patients were diag-
nosed with vessel reocclusion within 72hours after presumed
successful thrombectomy without an opportunity for vessel sal-
vage. Despite adjunctive interventions in only 21/25 patients,
with GPI in 8/25 (32%), intracranial angioplasty and/or stenting
in 13/25 (54%), there were no significant differences in proce-
dural times, successful reperfusion (87.5% versus 90.9%, P = .48),
complete or first-pass reperfusion, complications, sSICH (0% ver-
sus 9%, P=.24), favorable clinical outcomes (39% versus 48%,
P=.51), or mortality (13% versus 28.3%, P=.14) at 90 days in
comparison with the standard thrombectomy group, respectively
(Online Supplemental Data). Only 1 patient receiving GPI and
rescue intracranial stenting for a recalcitrant embolus developed
a minor groin hematoma complication that resolved with con-
servative management.

In refractory thrombectomy cases that underwent adjunctive
interventions, 5 of 8 (62%) patients with isolated ICAD were
treated with intracranial angioplasty and/or stenting including 3
patients treated initially with angioplasty alone (2 of whom
required rescue stenting for reocclusions either immediately or
post-operatively at 2months). In relatively equivalent propor-
tions, 5/9 (56%) patients with IAD were adequately managed
with GPI without intracranial stenting, including 4/6 (67%) IAD
patients with underlying ICAD (Online Supplemental Data).
However, all 4/4 (100%) patients with recalcitrant/calcified
emboli that were eligible for salvage interventions required intra-
cranial stenting, including 1 rescue stent placement after a failed
attempt with GPL At early CTA/MRA follow-up, most adjunctive
interventions maintained vessel patency, except for 2/21 (9.5%)
patients that were treated with intracranial stenting, but suffered
vessel reocclusion or in-stent thrombosis.

DISCUSSION
Our study indicates that refractory stroke thrombectomy occurs
in approximately 8-9% of cases of a representative North
American population, a lower prevalence than in previously
reported Asian studies.* Patients with cerebrovascular risk factors
including diabetes and hyperlipidemia may be prone to refractory
thrombectomy due to underlying vessel wall pathology such as
ICAD and/or IAD versus the less common etiology of recalcitrant
emboli.” Antiplatelet GPI, intracranial angioplasty and/or stent-
ing are safe and effective adjunctive treatments for vessel salvage,
resulting in equivalent clinical outcomes compared with patients
undergoing standard thrombectomy.>'®

ICAD is a common cause of AIS, accounting for nearly 15%-—
20% of ELVOs in Asian populations, and it often requires adjunc-
tive treatment to obtain successful recanalization or maintain ves-
sel patency in cases refractory to mechanical thrombectomy.®'*
Lee et al’ reported a series of patients having undergone throm-
bectomy, including 24 patients with underlying ICAD, and
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identified independent predictors of male sex, hypercholesterole-
mia, and posterior circulation occlusions. In a smaller series of 14
patients with ELVO related to ICAD, Suh et al?° also showed a
predilection for younger patients, male sex, smoking, and
involvement of the M1 segment of the MCA in 93% of cases. Our
study supports these statistical trends for younger patients; cere-
brovascular risk factors, especially diabetes as an independent
predictor of refractory thrombectomy; and an inverse correlation
with atrial fibrillation consistent with the nonembolic stroke eti-
ology of in situ vessel wall pathologies (ICAD or IAD). Although
there were no significant differences in the prevalence of ante-
rior-versus-posterior circulation occlusions, the MCA remained
the most commonly affected vessel in 76% of refractory cases.
Despite extracranial cervical dissections being responsible for
10%-25% of strokes in young and middle-aged patients,”" IAD is
a rare diagnosis accounting for <2% of all AIS.**** However,
IAD is an important consideration in cases of refractory throm-
bectomy secondary to spontaneous or jatrogenic/traumatic etiol-
ogies and is probably under-recognized when superimposed in
the setting of an acutely ruptured atherosclerotic plaque.
Differentiating IAD from ICAD is not always possible during
emergent thrombectomy, with significant imaging overlap of
both vessel wall pathologies. In a French study, spontaneous IAD
was observed in 3% of all mechanical thrombectomy cases; the
authors described complete normalization of vessel caliber after
stent retriever deployment without irregular clot visualization or
extraction as an imaging feature suggestive of IAD pathology.” In
contrast, Suh et al*® reported the need for angioplasty and/or
stent placement to achieve vessel recanalization, persistent resid-
ual stenosis (>70%), and the absence of a dissection (intimal)
flap on final angiography as imaging criteria indicative of ICAD.
While these paradigms may differentiate uncomplicated cases,
not all refractory thrombectomy cases conform to a binary classi-
fication. In our study, we developed comprehensive criteria,
including patient demographics, clinical risk factors, and addi-
tional imaging criteria, to improve the assessment and diagnosis
of refractory thrombectomy etiologies, including recalcitrant
emboli. Cases with overlapping findings were deemed superim-
posed IAD in the setting of ICAD. Twenty of 25 (80%) refractory
thrombectomy cases were attributable to either IAD or ICAD; 6
were diagnosed as combined IAD/ICAD pathology.
Two large cohort Korean studies by Baek et al'®
al** studied the management of refractory thrombectomy sec-
ondary to ICAD, demonstrating that >70% of patients initially
fail stent retriever thrombectomy and require adjunctive treat-

and Kang et

ment. Both antiplatelet GPI and intracranial angioplasty/stenting
were shown to be safe and effective with equivalent rates of suc-
cessful reperfusion, functional clinical outcomes, sICH, and mor-
tality in comparison with patients negative for ICAD undergoing
standard thrombectomy. Patients treated with GPI required res-
cue stenting in 9%-46% of cases, and angioplasty and/or stenting
groups underwent permanent stenting in 64%-94% of cases.
Balloon angioplasty alone in the treatment of symptomatic ICAD
is controversial, with some studies suggesting that it is a safe and
effective alternative that obviates the need for dual-antiplatelet
therapy in the immediate postthrombectomy period of intracra-
nial hemorrhage risk.*>* Other studies compared the durability



of endovascular treatment strategies for symptomatic ICAD and
identified higher rates of immediate lesion recoil, delayed reste-
nosis (50% versus 7.5%), and iatrogenic dissections with angio-
plasty alone versus angioplasty in conjunction with stenting.”” In
our cohort, 14 patients experiencing refractory thrombectomy
with underlying ICAD (including 6 patients with superimposed
IAD) were equivocally salvaged with either GPI or angioplasty
and/or stenting. However, in 3 patients who underwent angio-
plasty alone, 2 required rescue stent placement for immediate or
delayed restenosis/occlusion.

Few studies have evaluated treatment options for spontaneous
IAD in the setting of ELVO, and suggest the superiority of intra-
cranial stenting over mechanical thrombectomy alone.”***’
Labeyrie et al” demonstrated improved recanalization rates and
lower rates of residual dissection-related stenosis with intracra-
nial stenting, but >50% rescue recanalization in patients man-
aged conservatively. In our study, 9 patients with IAD (6 with
underlying ICAD, 2 iatrogenic, and 1 spontaneous) were man-
aged equivocally with antiplatelet GPI or intracranial stenting
and no patients treated with GPI required rescue stenting.

Another less common cause of intracranial ELVO and refrac-
tory thrombectomy is recalcitrant/calcified emboli that may be
spontaneous or iatrogenic with increasing cardiovascular cathe-
terization procedures in patients with calcified aortic/cervical
atherosclerotic plaques or cardiac valves.*® In a large multicenter
European retrospective study, Maurer et al’' reported a 1.3% (40/
2969) prevalence for calcified emboli and noted worse angio-
graphic TICI=2b reperfusion rates (57.5%), functional out-
comes (mRS 0-2, 26.5%), and mortality (55.9%) at 90 days. These
recalcitrant/calcified emboli are less likely to respond to standard
mechanical thrombectomy techniques and often require adjunc-
tive intracranial stenting for successful revascularization.'”'" In
fact, all 4 patients who were eligible for salvage interventions in
our cohort of 5 patients with recalcitrant emboli etiologies
required intracranial stenting. We suspect that the prevalence of
recalcitrant emboli causing refractory thrombectomy may con-
tinue to decline with advancements in the technology of flexible
distal guide sheaths, large-bore aspiration catheters, and clot-re-
trieval devices.”

Using GPI or thienopyridine P2Y12 inhibitors during or after
stroke thrombolysis/thrombectomy is concerning, with a risk of in-
tracranial hemorrhagic complications from reperfusion or core
infarct transformation. However, single (aspirin) and often dual-
antiplatelet loading (for intracranial stenting) are mandatory after
adjunctive interventions for refractory thrombectomy to maintain
vessel recanalization and prevent in-stent thrombosis or reocclu-
sion via platelet aggregation across an acutely ruptured atheroscler-
otic plaque or dissection flap. In our study, 2/12 patients treated
with intracranial stents reoccluded, possibly due to in-stent throm-
bosis complications from inadequate or delayed antiplatelet
loading. This is consistent with previously published literature sug-
gesting an 87% patency rate for rescue stenting after failed me-
chanical thrombectomy.”> Immediate and adequate antiplatelet
loading should be initiated in refractory thrombectomy interven-
tions, with early P2Y12 testing recommended to confirm antiplate-
let efficacy. Furthermore, novel intravenous P2Y12 inhibitors such
as cangrelor may offer improved therapeutic transition to oral

antiplatelet loading agents and safety over GPIL Several studies
have shown no increased incidence of sICH after intracranial
stenting and suggest that the benefit of recanalization outweighs
the risk of hemorrhage.>'*** Although no patients in our refrac-
tory thrombectomy cohort developed sICH complications, the risk
should not be underestimated. This may have been partly due to
our patient or imaging selection of small-core infarct volumes,
intraprocedural cone beam CT scanning to exclude hemorrhagic
complications prior to adjunctive interventions with GPI or intra-
cranial angioplasty and/or stenting, and strict hemodynamic con-
trol afterwards to limit reperfusion complications.

Our study had several limitations, due to the inherent meth-
odologic weaknesses of retrospective and small sample size studies,
to assess rare pathologies such as ICAD, IAD, and recalcitrant/cal-
cified emboli presenting with ELVO. Furthermore, patients experi-
encing refractory thrombectomy were managed at the discretion of
treating neurointerventionalists without a formal protocol or ran-
domization to adjunctive interventions of GPI versus intracranial
angioplasty and/or stenting. Hence, we deferred direct compari-
sons of either underlying etiologies or treatment protocols for re-
fractory thrombectomy. We limited our aims to assessing the
prevalence of refractory thrombectomy in a North American pop-
ulation not previously described in the literature and identifying
specific etiologies using a comprehensive diagnostic clinical and
imaging evaluation. Finally, we compared the safety and efficacy of
adjunctive interventions for vessel salvage in patients experiencing
refractory thrombectomy with the standard thrombectomy cohort.

CONCLUSIONS

Refractory stroke thrombectomy occurs with a prevalence of ~8-
9% in a North American population, less than in reported Asian
populations. Various cerebrovascular risk factors have been asso-
ciated with refractory thrombectomy. In the current study, diabe-
tes mellitus was shown to be associated with and an independent
predictor of refractory thrombectomy and its underlying vessel
wall pathologies. ICAD and/or IAD are presumably the most
common etiologies for ELVO presentations refractory to me-
chanical thrombectomy and, less commonly, recalcitrant/calcified
emboli. Both antiplatelet GPI and intracranial angioplasty/stent-
ing are safe and effective adjunctive interventions for vessel sal-
vage in the refractory thrombectomy setting, with equivalent
clinical outcomes to standard thrombectomy.

REFERENCES

1. Goyal M, Menon BK, van Zwam WH, et al. HERMES Collaborators.
Endovascular thrombectomy after large-vessel ischaemic stroke: a
meta-analysis of individual patient data from five randomised tri-
als. Lancet 2016;387:1723-31 CrossRef Medline

2. Kaesmacher J, Dobrocky T, Heldner MR, et al. Systematic review
and meta-analysis on outcome differences among patients with
TICI2b versus TICI3 reperfusions: success revisited. | Neurol
Neurosurg Psychiatry 2018;89:910-17 CrossRef Medline

3. Dargazanli C, Consoli A, Barral M, et al. Impact of modified TICI 3
versus modified TICI 2b reperfusion score to predict good out-
come following endovascular therapy. AJNR Am ] Neuroradiol
2017;38:90-96 CrossRef Medline

4. Kim BM. Causes and solutions of endovascular treatment failure. J
Stroke 2017;19:131-42 CrossRef Medline

AINR Am J Neuroradiol ®:@ @ 2021 www.ajnr.org 5


http://dx.doi.org/10.1016/S0140-6736(16)00163-X
https://www.ncbi.nlm.nih.gov/pubmed/26898852
http://dx.doi.org/10.1136/jnnp-2017-317602
https://www.ncbi.nlm.nih.gov/pubmed/29519899
http://dx.doi.org/10.3174/ajnr.A4968
https://www.ncbi.nlm.nih.gov/pubmed/27811134
http://dx.doi.org/10.5853/jos.2017.00283
https://www.ncbi.nlm.nih.gov/pubmed/28592777

10.

11.

12.

13.

14.

15.

16.

18.

19.

6

. Lee JS, Hong JM, Lee KS, et al. Endovascular therapy of cerebral ar-

terial occlusions: intracranial atherosclerosis versus embolism. |
Stroke Cerebrovasc Dis 2015;24:2074-80 CrossRef Medline

. Lee JS, Hong JM, Lee KS, et al. Primary stent retrieval for acute in-

tracranial large artery occlusion due to atherosclerotic disease. J
Stroke 2016;18:96-101 CrossRef Medline

. Kang DH, Kim YW, Hwang YH, et al. Instant reocclusion following

mechanical thrombectomy of in situ thromboocclusion and the role
of low-dose intra-arterial tirofiban. Cerebrovasc Dis 2014;37:350-55
CrossRef Medline

. Yoon W, Kim SK, Park MS, et al. Endovascular treatment and the

outcomes of atherosclerotic intracranial stenosis in patients with
hyperacute stroke. Neurosurgery 2015;76:680-86; discussion 86
CrossRef Medline

. Labeyrie MA, Civelli V, Reiner P, et al. Prevalence and treatment of

spontaneous intracranial artery dissections in patients with acute
stroke due to intracranial large vessel occlusion. ] Neurointerv Surg
2018;10:761-64 CrossRef Medline

Potts MB, da Matta L, Abdalla RN, et al. Stenting of mobile calcified
emboli after failed thrombectomy in acute ischemic stroke: case
report and literature review. World Neurosurg 2020;135:245-51
CrossRef Medline

Dobrocky T, Piechowiak E, Cianfoni A, et al. Thrombectomy of cal-
cified emboli in stroke: does histology of thrombi influence the
effectiveness of thrombectomy? | Neurointerv Surg 2018;10:345-50
CrossRef Medline

Baek JH, Kim BM, Kim D], et al. Stenting as a rescue treatment after
failure of mechanical thrombectomy for anterior circulation large
artery occlusion. Stroke 2016;47:2360-63 CrossRef Medline
Nogueira RG, Jadhav AP, Haussen DC, et al. DAWN Trial
Investigators. Thrombectomy 6 to 24 hours after stroke with a mis-
match between deficit and infarct. N Engl ] Med 2018;378:11-21
CrossRef Medline

Albers GW, Marks MP, Kemp S, et al. DEFUSE 3 Investigators.
Thrombectomy for stroke at 6 to 16 hours with selection by perfu-
sion imaging. N Engl ] Med 2018;378:708-18 CrossRef Medline
Gandhi CD, Bulsara KR, Fifi J, et al. SNIS Standards and Guidelines
Committee. Platelet function inhibitors and platelet function testing
in neurointerventional procedures. | Neurointerv Surg 2014;6:567-77
CrossRef Medline

Hacke W, Kaste M, Bluhmki E, et al. ECASS Investigators.
Thrombolysis with alteplase 3 to 4.5 hours after acute ischemic
stroke. N Engl ] Med 2008;359:1317-29 CrossRef Medline

. Goyal M, Fargen KM, Turk AS, et al. 2C or not 2C: defining an

improved revascularization grading scale and the need for stand-
ardization of angiography outcomes in stroke trials. ] Neurointerv
Surg 2014;6:83-86 CrossRef Medline

Baek JH, Kim BM, Heo JH, et al. Outcomes of endovascular treat-
ment for acute intracranial atherosclerosis-related large vessel
occlusion. Stroke 2018;49:2699-705 CrossRef Medline

Okawa M, Tateshima S, Liebeskind D, et al. Early loss of immediate
reperfusion while stent retriever in place predicts successful final

Abdalla ®2021 www.ajnr.org

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

reperfusion in acute ischemic stroke patients. Stroke 2015;46:3266-
69 CrossRef Medline

Suh HI, Hong JM, Lee KS, et al. Imaging predictors for atheroscle-
rosis-related intracranial large artery occlusions in acute anterior
circulation stroke. ] Stroke 2016;18:352-54 CrossRef Medline
Schievink WI. Spontaneous dissection of the carotid and vertebral
arteries. N Engl ] Med 2001;344:898-906 CrossRef Medline

Debette S, Compter A, Labeyrie M-A, et al. Epidemiology, patho-
physiology, diagnosis, and management of intracranial artery dis-
section. Lancet Neurol 2015;14:640-54 CrossRef Medline

Giannini N, Ulivi L, Maccarrone M, et al. Epidemiology and cere-
brovascular events related to cervical and intracranial arteries dis-
section: the experience of the city of Pisa. Neurol Sci 2017;38:1985-
91 CrossRef Medline

Kang DH, Yoon W, Kim SK, et al. Endovascular treatment for emer-
gent large vessel occlusion due to severe intracranial atherosclerotic
stenosis. /| Neurosurg 2018 Jun 1. [Epub ahead of print] CrossRef
Medline

Nguyen TN, Zaidat OO, Gupta R, et al. Balloon angioplasty for in-
tracranial atherosclerotic disease: periprocedural risks and short-
term outcomes in a multicenter study. Stroke 2011;42:107-11
CrossRef Medline

Marks MP, Marcellus ML, Do HM, et al. Intracranial angioplasty
without stenting for symptomatic atherosclerotic stenosis: long-
term follow-up. AJNR Am ] Neuroradiol 2005;26:525-30 Medline
Mazighi M, Yadav JS, Abou-Chebl A. Durability of endovascular
therapy for symptomatic intracranial atherosclerosis. Stroke
2008;39:1766-69 CrossRef Medline

Suh SH, Kim BM, Roh HG, et al. Self-expanding stent for recanali-
zation of acute embolic or dissecting intracranial artery occlusion.
AJNR Am ] Neuroradiol 2010;31:459-63 CrossRef Medline

Kim BM. Refractory occlusion to stentriever thrombectomy: etiologi-
cal considerations and suggested solutions. In: Park J, ed. Acute
Ischemic Stroke: Medical, Endovascular, and Surgical Techniques.
Singapore Springer; 2017:13-226

Walker BS, Shah LM, Osborn AG. Calcified cerebral emboli, a "do
not miss" imaging diagnosis: 22 new cases and review of the litera-
ture. AJNR Am ] Neuroradiol 2014;35:1515-19 CrossRef Medline
Maurer CJ, Dobrocky T, Joachimski F, et al. Endovascular throm-
bectomy of calcified emboli in acute ischemic stroke: a multicenter
study. AJNR Am ] Neuroradiol 2020;41:464-68 CrossRef Medline
Ansari SA, Darwish M, Abdalla RN, et al. GUide sheath Advancement
and aspiRation in the Distal petrocavernous internal carotid artery
(GUARD) technique during thrombectomy improves reperfusion
and clinical outcomes. AJNR Am ] Neuroradiol 2019;40:1356-62
CrossRef Medline

Chang Y, Kim BM, Bang OY, et al. Rescue stenting for failed me-
chanical thrombectomy in acute ischemic stroke: a multicenter ex-
perience. Stroke 2018;49:958-64 CrossRef Medline

Zaidat OO, Wolfe T, Hussain SI, et al. Interventional acute ische-
mic stroke therapy with intracranial self-expanding stent. Stroke
2008;39:2392-95 CrossRef Medline


http://dx.doi.org/10.1016/j.jstrokecerebrovasdis.2015.05.003
https://www.ncbi.nlm.nih.gov/pubmed/26163890
http://dx.doi.org/10.5853/jos.2015.01347
https://www.ncbi.nlm.nih.gov/pubmed/26467196
http://dx.doi.org/10.1159/000362435
https://www.ncbi.nlm.nih.gov/pubmed/24941966
http://dx.doi.org/10.1227/NEU.0000000000000694
https://www.ncbi.nlm.nih.gov/pubmed/25988927
http://dx.doi.org/10.1136/neurintsurg-2018-013763
https://www.ncbi.nlm.nih.gov/pubmed/29511116
http://dx.doi.org/10.1016/j.wneu.2019.12.096
https://www.ncbi.nlm.nih.gov/pubmed/31881346
http://dx.doi.org/10.1136/neurintsurg-2017-013226
https://www.ncbi.nlm.nih.gov/pubmed/28798266
http://dx.doi.org/10.1161/STROKEAHA.116.014073
https://www.ncbi.nlm.nih.gov/pubmed/27444259
http://dx.doi.org/10.1056/NEJMoa1706442
https://www.ncbi.nlm.nih.gov/pubmed/29129157
http://dx.doi.org/10.1056/NEJMoa1713973
https://www.ncbi.nlm.nih.gov/pubmed/29364767
http://dx.doi.org/10.1136/neurintsurg-2014-011357
https://www.ncbi.nlm.nih.gov/pubmed/25056369
http://dx.doi.org/10.1056/NEJMoa0804656
https://www.ncbi.nlm.nih.gov/pubmed/18815396
http://dx.doi.org/10.1136/neurintsurg-2013-010665
https://www.ncbi.nlm.nih.gov/pubmed/23390038
http://dx.doi.org/10.1161/STROKEAHA.118.022327
https://www.ncbi.nlm.nih.gov/pubmed/30355204
http://dx.doi.org/10.1161/STROKEAHA.115.010794
https://www.ncbi.nlm.nih.gov/pubmed/26451013
http://dx.doi.org/10.5853/jos.2016.00283
https://www.ncbi.nlm.nih.gov/pubmed/27488977
http://dx.doi.org/10.1056/NEJM200103223441206
https://www.ncbi.nlm.nih.gov/pubmed/11259724
http://dx.doi.org/10.1016/S1474-4422(15)00009-5
https://www.ncbi.nlm.nih.gov/pubmed/25987283
http://dx.doi.org/10.1007/s10072-017-3084-5
https://www.ncbi.nlm.nih.gov/pubmed/28815313
http://dx.doi.org/10.3171/2018.1.JNS172350
https://www.ncbi.nlm.nih.gov/pubmed/29932374
http://dx.doi.org/10.1161/STROKEAHA.110.583245
https://www.ncbi.nlm.nih.gov/pubmed/21071722
https://www.ncbi.nlm.nih.gov/pubmed/15760860
http://dx.doi.org/10.1161/STROKEAHA.107.500587
https://www.ncbi.nlm.nih.gov/pubmed/18420956
http://dx.doi.org/10.3174/ajnr.A1865
https://www.ncbi.nlm.nih.gov/pubmed/19892814
http://dx.doi.org/10.3174/ajnr.A3892
https://www.ncbi.nlm.nih.gov/pubmed/24651819
http://dx.doi.org/10.3174/ajnr.A6412
https://www.ncbi.nlm.nih.gov/pubmed/32029470
http://dx.doi.org/10.3174/ajnr.A6132
https://www.ncbi.nlm.nih.gov/pubmed/31345939
http://dx.doi.org/10.1161/STROKEAHA.117.020072
https://www.ncbi.nlm.nih.gov/pubmed/29581342
http://dx.doi.org/10.1161/STROKEAHA.107.510966
https://www.ncbi.nlm.nih.gov/pubmed/18556584

	Refractory Stroke Thrombectomy: Prevalence, Etiology, and Adjunctive Treatment in a North American Cohort
	MATERIALS AND METHODS
	PATIENT POPULATION
	MECHANICAL THROMBECTOMY PROCEDURES AND ADJUNCTIVE TREATMENT OF REFRACTORY CASES
	ETIOLOGY ASSESSMENT OF REFRACTORY THROMBECTOMY CASES
	DATA AND OUTCOME ANALYSIS
	STATISTICAL ANALYSIS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	REFERENCES


