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ABSTRACT

BACKGROUND AND PURPOSE: In 5%–10% of patients with acute ischemic stroke with an intention to treat with mechanical thrombec-
tomy, no reperfusion can be achieved (Thrombolysis in Cerebral Infarction score � 0/1). Purpose of this analysis was a systematic

assessment of underlying reasons for reperfusion failures.

MATERIALS AND METHODS: An intention-to-treat single-center cohort (n � 592) was re-evaluated for all patients in whom no reperfusion
could be achieved (n � 63). Baseline characteristics of patients were compared between patients with and without reperfusion failures. After
qualitative review of all cases with reperfusion failures, a classification system was proposed and relative frequencies were reported. In a second

step, occurrence of delayed recanalization at 24 hours after reperfusion failure and dependency on IV-tPA were evaluated.

RESULTS: In 63/592 patients with an intention to perform stent-retriever thrombectomy, no reperfusion was achieved (TICI 0/1, 10.6%,
95% CI, 8.2%–13.1%). Older patients (adjusted OR per yr � 1.03; 95% CI, 1.01–1.05) and patients with M2 occlusion (adjusted OR � 3.36; 95%
CI, 1.82– 6.21) were at higher risk for reperfusion failure. In most cases, no reperfusion was a consequence of technical difficulties (56/63,
88.9%). In one-third of these cases, reperfusion failures were due to the inability to reach the target occlusion (20/63, 31.7%), while
“stent-retriever failure” occurred in 39.7% (25/63) of patients. Delayed recanalization was very rare (18.2%), without dependence on IV-tPA

pretreatment status.

CONCLUSIONS: Reasons for reperfusion failure in stent-retriever thrombectomy are heterogeneous. The failure to establish intracranial
or cervical access is almost as common as stent-retriever failure after establishing intracranial access. Systematic reporting standards of
reasons may help to further estimate relative frequencies and thereby guide priorities for technical development and scientific effort.

The technical success of endovascular stroke therapy is one

of the most important modifiable predictors of therapy

benefit in patients presenting with large-vessel-occlusion acute

ischemic stroke.1,2 The American Stroke Association/Ameri-

can Heart Association guidelines continue to support stent

retrievers as the dominant technical platform for thrombec-

tomy; however, this may change with the final publication of A

Comparison of Direct Aspiration Versus Stent Retriever as a First

Approach (COMPASS) trial.3-5 Recently published large-cohort

registries of patients treated with stent retrievers have shown that

contemporary endovascular interventions in acute ischemic stroke

are angiographically successful in up to 80%–90% of cases (Throm-

bolysis in Cerebral Infarction 2b/3).6,7 While unsuccessful reperfusion

(�TICI 2a) often results from incomplete retrieval due to distal

embolization and/or clot fragmentation (TICI 2a), in some

patients, no reperfusion (TICI 0/1) can be achieved (“reperfu-

sion failure”). Reasons for such reperfusion failures may range from

difficulty establishing cervical or intracranial access to the inability to

dislocate and retrieve the clot despite having reached the target loca-

tion and having established intracranial access.8,9 Further conceiv-

able explanations for failures to reestablish flow are underlying

nonembolic vessel diseases (eg, vasculitis, intracranial atherosclero-

sis)10,11 or thrombi of nonthrombotic origin and extraordinary com-

position, such as calcified or neoplastic thrombi.12,13
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The aim of this analysis was to provide estimates of the relative

frequencies of underlying causes of reperfusion failure in patients

with acute ischemic stroke who underwent angiography with an

intention to perform stent-retriever-based thrombectomy.

MATERIALS AND METHODS
The prospective Bernese Stroke Registry was accessed to find all di-

rectly admitted patients with acute ischemic stroke with an intention

to perform stent-retriever thrombectomy from January 2012 to July

2017 (n � 592). For the classification of reasons for reperfusion fail-

ure, all patients with postinterventional final Thrombolysis in Cere-

bral Infarction grades 0 and 1 were included.14 Most important, pa-

tients in whom no stent retriever was deployed (eg, because of access

difficulties or vessel elongation) were also analyzed. The Bernese

Stroke Registry was approved by the local ethics committee (Kan-

tonal Ethics Committee Bern, amendment access number: 231/2014).

Classification of Reasons for Reperfusion Failures
After qualitative review of all cases with reperfusion failure, the

underlying reasons for TICI 0/1 were classified into the follow-

ing categories by a consensus of a neuroradiologist in training

(J.K., 3 years of experience) and an interventional neuroradi-

ologist (P. Mordasini, 15 years of experience).

Technical Reasons: Target Occlusion Not Reached
(Category I)

● IA: Intracranial target occlusion was not reached due to
marked cervical vessel tortuosity including twisted,
looped, or kinked vessels.15 The proximal cervical vessels
were successfully catheterized.

● IB: Target occlusion was not reached owing to failed cathe-
terization of proximal supra-aortic vessels. The proximal
cervical vessels were not successfully catheterized owing to
difficult aortic arch anatomy.16

● IC: Target occlusion was not reached owing to the inability to
pass a cervical ICA occlusion (eg, unpassable tandem lesion).

Technical Reasons: Target Occlusion Reached
(Category II)

● IIA: Target occlusion was reached, but the operator was
unable to pass the thrombus with the microwire/microcath-
eter. In these cases, no stent retriever is deployed.

● IIB: Target occlusion was reached, the stent retriever was de-
ployed, but no reperfusion occured after multiple retrievals
(no clot retrieval or dislocation), thus, stent-retriever failure.

● IIC: Initial reperfusion was achieved, followed by spontaneous
or iatrogenic reocclusion (eg, intracranial stenosis, intracranial
dissection, or perforation with subsequent vessel sacrifice).

Nontechnical Reasons: Other (Category III)

● Presumed futility.
● Adverse non-neurologic event with the need to stop me-

chanical thrombectomy.
● Signs of contrast extravasation without perforation (early

hemorrhagic transformation).

For all cases, categorization of reasons and the evaluation regard-

ing the primary intention of treating with a stent-retriever-based

thrombectomy were based on the following information:

● Review of the initial radiologic report with respect to a written

decision and interdisciplinary consensus for stent-retriever-based

thrombectomy.

● Review of materials used along with an angiographic report con-

cerning catheter changes and a description of interventional

difficulties

● Review of all preinterventional and angiographic images.

Patient Characteristics
Baseline parameters, clinical outcomes, and information on re-

canalization status at 24 � 6-hour follow-up are provided. Fol-

low-up recanalization status was graded using the 4-step arterial

occlusive lesion score14 on postinterventional intracranial vessel

imaging, if available (44/63, 13 missing because only noncontrast

CT was performed, 6 missing due to early death).

Endovascular Therapy
Endovascular therapy was performed immediately after CT or

MR imaging under the following conditions: 1) The diagnosis of

ischemic stroke was established; 2) the NIHSS score on admission

assessed by a neurologist was �4 points, isolated aphasia or hemi-

anopia or severe paresis of 1 hand was present, or neurologic

deficits recurred; 3) CT or MR angiography showed occlusion of a

large intracranial artery; 4) hemorrhage was excluded; 5) neuro-

logic deficits correlated with the vessel occlusion; and 6) no indi-

vidual clinical or premorbid conditions or laboratory findings

were contraindications. When the criteria for endovascular ther-

apy were fulfilled, digital subtraction angiography was performed

via a transfemoral approach using a biplane, high-resolution an-

giography system (Axiom Artis zee; Siemens, Erlangen, Germany)

using iopamidol (Iopamiro 300; Bracco, Milan, Italy) as a contrast

agent. The choice of access and retrieval technique was left to the

discretion of the neurointerventionalist, taking access anatomy

and occlusion pattern into account. For anterior circulation

strokes, a first-line recanalization technique consists of placing an

8F or 9F balloon-guiding catheter over a long exchange wire as

high into the cervical ICA as possible followed by stent-retriever

thrombectomy under proximal balloon occlusion and manual

aspiration. In cases in which placement of a balloon-guiding cath-

eter was deemed suboptimal (eg, low position in the cervical ICA

or distal common carotid artery or highly tortuous cervical ves-

sels) or stent-retriever thrombectomy through the balloon-guid-

ing catheter alone was unsuccessful, a 5F or 6F intermediate cath-

eter for concomitant distal aspiration during stent-retriever

thrombectomy was used as a second-line technique. Stand-alone

aspiration was only used as a third-line technique after failure of

stent-retriever thrombectomy. During the study period, several

different stent retriever models were used, the mainstay consisting

of the Solitaire device (Covidien, Irvine, California). The decision

of when to abandon the procedure and whether to administer

intra-arterial thrombolysis with urokinase was left to the discre-

tion of the neurointerventionalist.
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Statistical Analysis
Categoric group comparisons were performed applying the Fisher

exact test. Normally distributed data are presented as mean � SD,

while non-normally distributed data are shown as median (inter-

quartile range). Comparison of continuous or ordinally scaled

variables was performed using the Mann-Whitney U test or the

Welch t test for independent samples (for non-normally and nor-

mally distributed variables, respectively). Estimated 95% confi-

dence intervals of prevalences were calculated using the normal

approximation interval (Wald interval). Variables with univariate

significant differences between groups were entered into a multi-

variate logistic regression model. Results from multivariate lo-

gistic regression analysis were presented as adjusted ORs and

respective 95% confidence intervals. Predicted probabilities

were analyzed with receiver operator characteristic analysis

with calculation of the area under the curve to evaluate the

discriminative power of the model.

RESULTS
Study Cohort
Five hundred ninety-two patients were included (mean age,

72.2 � 14.3 years; 47.3% female). Of these patients, 93.1% (n �

551) were treated for anterior circulation occlusions. The median

symptom-onset to diagnosis interval (witnessed or last seen well)

was 126 minutes (interquartile range, 90 –222 minutes), and pa-

tients presented with severe neurologic deficits (median admis-

sion NIHSS, 15; interquartile range, 9 –20). Other baseline char-

acteristics are shown in the On-line Table. In 63 of 592 patients

with an intention to treat with stent-retriever thrombectomy, no

reperfusion was achieved (TICI 0/1, 10.6%; 95% CI, 8.2%–

13.1%). Patients in whom no reperfusion was achieved were older

(mean age, 76.9 versus 71.6 years; P � .004), were treated later

(median symptom-onset to diagnosis 155 versus 121 minutes,

P � .007), and had more M2 and posterior circulation occlusions (P

for overall difference � .001). Other baseline characteristics did not

reveal significant differences (On-line Table). When we entered sig-

nificant variables derived from univariate comparison into a multi-

variable logistic regression model, only M2 occlusions and increased

age were associated with reperfusion failure (adjusted OR � 3.36;

95% CI, 1.82–6.21; and 1.03; 95% CI, 1.01–1.05, respectively, with

the Nagelkerke R2� 0.074). The discriminative power of the multi-

variate logistic regression model derived from the included variables

age, time to diagnosis, and M2 occlusions was weak (area under the

curve � 0.665; 95% CI, 0.585–0.746).

Distribution of Reasons for TICI 0/1
In most cases, no reperfusion was a consequence of technical dif-

ficulties (categories I and II: 56/63, 88.9%; 95% CI, 81.1%–96.6%,

Figure). One-third of reperfusion failures were due to the inability

to reach the target occlusion (category I: 20/63, 31.7%; 95% CI,

20.3%– 43.2%). Reasons for not reaching the target occlusion

were subcategorized into cervical vessel tortuosity (the proximal

cervical vessel was catheterized, 10/20), failed catheterization of

proximal supra-aortic vessels because of difficult acrotic arch

anatomy (8/20), or, rarely, the inability to pass a proximal ICA

occlusion/stenosis in patients presenting with extracranial-intra-

cranial tandem lesions (2/20). If the target occlusion was reached

(category II: 36/63, 57.1%; 95% CI, 44.9%– 69.4%), reperfusion

failure was due to the inability to pass the intracranial occlusion

with the microwire/microcatheter in 7/36 cases. When stent re-

trievers were deployed (29/36), the most common reason for fail-

ure was the inability to retrieve/dislocate the thrombus after mul-

tiple attempts (stent-retriever failure, 25/36; median attempts, 3),

while in the remaining cases, iatrogenic perforation and subsequent

coiling were causative (4/36). Nontechnical reasons for TICI 0/1 (cat-

egory III: 7/63, 11.1%; 95% CI, 3.4%–18.9%) were an active consen-

sus decision to stop treatment after diagnostic angiography or an

initial thrombectomy attempt (presumed futility, 5/7), a non-neu-

rologic event with the need to stop endovascular therapy (1/7),

and signs of contrast extravasation without perforation, inter-

preted as early hemorrhagic transformation (1/7).

Rescue and Patency at 24-Hour Follow-Up
Follow-up imaging at 24 hours was available for 44/63 (69.8%)

patients without initial reperfusion. Of those patients, 8 (18.2%)

revealed substantial vessel recanalization at follow-up (arterial oc-

clusive lesion score, 2/3), while all other patients (36/44, 81.8%)

showed evidence of persistent occlusion without or with minimal

FIGURE. Distribution of reasons for reperfusion failures. Relative frequencies of reasons underlying reperfusion failures. The most common
reason was reperfusion failure after intracranial access was established (category II, 36/63). Here, the most common reason was the inability to
retrieve the clot despite multiple attempts, stent-retriever failure (IIB). Other reasons in this category group included the inability to pass the
clot with the microwire or microcatheter (IIA) or secondary spontaneous/iatrogenic reocclusion after initial reperfusion was established (IIC).
Access failures were observed in 20 cases (category I). For further exact definitions of respective subcategories, see the proposed classification
scheme outlined in the “Materials and Methods” section.
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recanalization (arterial occlusive lesion score, 0/1). Recanaliza-

tion at follow-up tended to be observed less often if the reason for

no reperfusion was a category II failure (11.5% versus 33.3%, P �

.176). If intra-arterial thrombolysis was applied as a rescue, a non-

significant trend toward higher rates of recanalization at fol-

low-up was observed (33.3% versus 11.5%, P � .125). No differ-

ence in 24-hour recanalization in patients with reperfusion failure

was observed when comparing those treated with IV-tPA with

those treated without IV-tPA (21.4% versus 16.7%, P � .501).

DISCUSSION
The presented study suggests that reasons for reperfusion failure in

patients with an intention to perform stent-retriever-based throm-

bectomy are not homogeneous and underline the notion that reper-

fusion failure in contemporary stroke thrombectomy is a multifac-

torial problem.8 The failure to establish intracranial or cervical access

is approximately as common as the inability to retrieve the clot once

adequate intracranial positioning and access to the target occlusion

are established (true stent-retriever failure). The presented data high-

light the need to distinguish among potential factors associated with

reperfusion failure and advocate for technical development and sci-

entific effort equally focusing on stent-retriever efficacy as well as

tools and alternative access routes to improve cervical and intracra-

nial access.

Access Failures and Alternative Access Routes
The two main domains of difficulty are the inability to reach the

target occlusion and the failure to dislocate or retrieve the clot. A

recent study has suggested that carotid tortuosity relates to tech-

nical failure17; however, another study did not find a significant

association between carotid elongation and technical success or

procedure length.18 One reason for the discrepant results of these

studies may be because vessel elongation predominantly causes

category I reperfusion failures, while intracranial geometry and

thrombus properties may primarily relate to stent-retriever fail-

ures (category IIB). Distribution of these reasons in such cohorts

may thus severely affect the sensitivity and respective power of the

aforementioned analyses. Although no femoral access failure has

been observed in the presented consecutive cohort, brachial19 or ca-

rotid access20,21 may serve as a reliable rescue approach in cases of

femoral access failure or other category I failures (eg, in the presence

of vessel tortuosity or the inability to adequately catheterize the prox-

imal supra-aortic vessels). Until the date of this analysis, we had not

used alternative access routes in a standardized fashion if the femoral

artery was successfully cannulated but a category I failure had oc-

curred. One consequence of this analysis is the institutional introduc-

tion of a more widely applied and standardized use of alternative

access routes. We now consider these alternative routes not only

when femoral access cannot be achieved (failed femoral artery can-

nulation) but also in all cases of category I failures.

Retrieval Failures
Several factors influencing stent-retriever failure have been pro-

posed. So far, there is some preliminary evidence that MCA geo-

metric anatomy,22,23 along with thrombus composition12,24-26

and shape,27 may predict the inability to dislocate or retrieve the

clot. Other factors may include underlying vessel disease such as

atherosclerosis, dissection, or vasculitis.10,11 According to current

observational studies, thrombus length has not been shown to

effect retrieval efficacy.28,29 Besides clot and occlusion site char-

acteristics, stent-retriever dwelling time30 and respective device-

clot interaction,8 may serve as additional contributing factors.

The present analysis included only patients with an intention to

treat with stent-retriever-based thrombectomy. Recent random-

ized-controlled trial results have suggested that similar technical

and clinical success rates could be achieved with aspiration tech-

niques using large-bore catheters (COMPASS, International

Stroke Conference 2018).31 A different mechanical retrieval ap-

proach is likely to increase the probability of achieving reperfu-

sion, because some occlusions, which are refractory to one tech-

nique may respond favorably to an other approach. Currently,

there is emerging evidence that the relative effectiveness of one

approach over the other may depend on the localization of the

occlusion (eg, anterior-versus-posterior circulation)32 or the

shape of the proximal occlusion site.33

Delayed Recanalization and Rescue Options
While reperfusion rates in intracranial vessel occlusions after IV-

tPA may be as high as 60% after 7 hours,34 only a few patients had

reperfusion at 24 hours after endovascular reperfusion failure,

particularly after stent-retriever failure (�10%). These results

provide preliminary evidence that clots not responding to me-

chanical treatment also show low response rates to intravenous

thrombolysis and spontaneous clot lysis, corroborating findings

that they may represent clots of distinct composition (eg, promi-

nent calcification).12 In the presented cohort, rescue administra-

tion of intra-arterial thrombolytics showed a trend toward higher

rates of recanalization at follow-up, without reaching statistical

significance. Recently, low-dose tirofiban has been associated

with increased reperfusion rates in patients treated with mechan-

ical thrombectomy.35,36 However, the results are mainly derived

from Asian cohorts, which have higher rates of underlying intra-

cranial atherosclerosis and higher rates of early re-occlusions,

thus severely limiting its transferability to other cohorts. Besides

medical rescue approaches, stent placement and Y-stent-retriever

maneuvers may serve as mechanical rescue approaches if an in-

tracranial access was successfully established.37-39 A recent cohort

study has suggested that the higher recanalization rates achievable

with rescue permanent intracranial stent placement translated

into clinical benefit without increasing the risk of symptomatic

intracerebral hemorrhage. Although further studies in other pop-

ulations are needed to confirm these findings, the results promote

permanent stent placement as a feasible rescue technique in cases

of stent-retriever failures.40

Identifying Patients with a High Risk of Reperfusion
Failure
Preinterventional stratification of patients with a high chance

of mechanical reperfusion failure is desirable. This is impor-

tant not only because in these cases, inclusion into currently

enrolling randomized-controlled trials (Multicenter Random-

ized Clinical Trial of Endovascular Treatment for Acute Isch-

emic Stroke in the Netherlands–NO IV, [ISRCTN80619088];

and Solitaire With the Intention For Thrombectomy Plus In-
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travenous t-PA versus DIRECT Solitaire Stent-Retriever

Thrombectomy in Acute Anterior Circulation Stroke [SWIFT

DIRECT, NCT03192332, clinicaltrials.gov]) may raise poten-

tial ethical considerations but also because primary alternative

access routes might be considered beforehand. However, no

reliable classification algorithm with high sensitivity and spec-

ificity is currently available. In our cohort, patients with rep-

erfusion failure were older, treated later, and frequently had

M2 occlusions. Combining those parameters, however, yielded

low accuracy in correctly identifying patients with reperfusion

failures. The issue of more reperfusion failures in M2 occlu-

sions observed in the presented cohort deserves attention be-

cause a recent meta-analysis has suggested that endovascular

therapy is successful in up to 85% of M2 occlusion.41 In this

meta-analysis, recanalization rates were comparable between

patients with M1 and M2 occlusions.41 However, the author

acknowledged that the results can only be “interpreted in the

context of patients with M2 occlusions that can be safely ac-

cessed by mechanical thrombectomy.”41 In the present analy-

sis, the initial intention for stent-retriever thrombectomy was

crucial for inclusion, and patients were included even if no

stent retriever was deployed at any time point during angiog-

raphy. This criterion may differ from that in most of the ret-

rospective studies included into the aforementioned quantita-

tive synopsis because the major inclusion criterion was

treatment with a stent retriever, rather than intention to treat

with stent retrievers.41 Furthermore, the overall frequency of

M2 occlusions treated with stent retrievers was small in our

cohort, giving it scope for confounding due to the operator’s

experience and associated learning curves.

Strengths and Limitations
While the present data allow a real-world intention-to-treat anal-

ysis of the relative frequencies of reasons for reperfusion failures,

there are several limitations to this study: First, category IIB is

defined as reperfusion failure after multiple attempts. Thus, there

may be different thresholds for different interventionalists and

centers to stop at different time points, and aggressiveness of res-

cue approaches vary. Second, futility criteria based on a consensus

between the treating neurologists and neuroradiologists may

change with time (eg, advanced time windows of �10 hours may

no longer serve as a futility reason in the era of published Endo-

vascular Therapy Following Imaging Evaluation for Acute Isch-

emic Stroke 3 (DEFUSE 3)42 and Clinical Mismatch in the Triage

of Wake Up and Late Presenting Strokes Undergoing Neuroin-

tervention with Trevo (DAWN)43 trial results. Third, intracranial

access stability and torqueing forces on the stent retriever may

impact the vessel and clot geometry and the respective clot inter-

action of the device.8 Thus, a classification into the true stent-

retriever failure category may neglect the partial contribution of

unstable intracranial access, potentiating difficulties to retrieve

the clot or impeding the device efficacy.8 Fourth, standardized use

of more aggressive rescue approaches for access failures may have

averted some reperfusion failures in other centers. Last, distal as-

piration techniques with large-bore catheters have gained popu-

larity and have shown increasing effectiveness during the past

years. Recent randomized-controlled trial results endorsed them

as technically and clinically equally effective approaches

(COMPASS/Combined Use of Contact Aspiration and the Stent

Retriever Technique Versus Stent Retriever Alone for Recanalisa-

tion in Acute Cerebral Infarction [ASTER]).31 Although aspira-

tion attempts were implemented in the standard rescue approach

at our center, overall distribution of reperfusion failure reasons

may differ in centers that more commonly use aspiration tech-

niques (ie, as first attempt) and other categories must be added.

CONCLUSIONS
Reasons for reperfusion failure in stent-retriever thrombectomy

are heterogeneous. The failure to establish intracranial or cervical

access is nearly as common as the inability to retrieve the clot

despite the clot having been passed and adequate intracranial posi-

tioning having been established (true stent-retriever failure). System-

atic reporting standards of those reasons may help to elucidate

relative frequencies and thereby guide priorities for technical

development and scientific effort (eg, adequate subgroup analyses

regarding predictive factors). The low rates of delayed recanalization

after mechanical reperfusion failures underline the benefit of alter-

native access routes and the need for a systematic evaluation of other

medical (intra-arterial thrombolytics, antiplatelets, and so forth), or,

if feasible, mechanical (eg, stent placement) rescue approaches.
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