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ABSTRACT

BACKGROUND AND PURPOSE: Vessel anatomy is assumed to influence results of endovascular mechanical thrombectomy using stent
retrievers. The purpose of this study was to analyze the influence of vessel curvature on recanalization results in patients with acute
ischemic stroke caused by large-vessel occlusion.

MATERIALS AND METHODS: In 159 patients (70 � 12.8 years of age; 79 women) treated for acute ischemic stroke after carotid T and/or
MCA occlusion by using stent retrievers, the following angles were measured in standard anteroposterior angiograms to describe vessel
anatomy: first, between the terminal ICA segment and the most downward curved M1 segment conterminous to the proximal face of the
thrombus (ICA/M1 angle); second, between the most proximal M1 segment and the segment immediately conterminous to the thrombus
(M1/M1 angle); and additionally, in patients with distal M1/proximal M2 occlusion, the angle of the last curvature proximal of the thrombus
(M1/M2 angle). Angles of patients with-versus-without successful recanalization were compared.

RESULTS: Patients without successful recanalization (TICI 0 –2a) showed significantly larger ICA/M1 angles (mean, 110°� 23.8° versus 69°�
28.7°, P � .001) and significantly larger M1/M1 angles (56°� 29.2° versus 29°� 26.6°, P � .001) than patients with successful recanalization
(TICI 2b/3). In patients without successful recanalization after a distal M1 or proximal M2 occlusion, the M1/M2 angle was significantly larger
than that in patients with successful recanalization (117° � 34.3° versus 67° � 29.5°, P � .006).

CONCLUSIONS: This retrospective analysis showed that mechanical thrombectomy in the anterior circulation was significantly less often
successful in patients with large vessel angles. Therefore, vessel curvature significantly influences the results of mechanical thrombectomy
with stent retrievers for treatment of acute ischemic stroke. Further work is needed to understand the underlying causality.

ABBREVIATIONS: MT � endovascular mechanical thrombectomy; ROC � receiver operating characteristic

Acute ischemic stroke is one of the leading causes of morbidity

and mortality in industrialized countries.1 While studies sug-

gest that intravenous thrombolysis by using recombinant tissue

plasminogen activator is barely effective in large-vessel occlu-

sions,2-4 recent studies have shown that endovascular mechanical

thrombectomy (MT) by using second-generation devices, known

as stent retrievers, is associated with high recanalization rates and

substantially improved clinical outcome.5-11 However, in approx-

imately 10%–25% of the patients, a successful recanalization

(TICI 2b/3) still cannot be achieved.5-14 Only a couple of technical

factors are understood that may determine the fate of these pa-

tients: First, histologic characteristics of thromboemboli may in-

fluence recanalization results.15 Second, thrombus length has been

identified as a relevant factor.16 A recent study presented contradic-

tory results, reporting that the recanalization success of MT was not

significantly influenced by clot length.17 The exact thrombus loca-

tion, being more proximal or distal within the MCA M1 segment,

was demonstrated to be a significant determinant for clinical out-

come, however not for recanalization success.18

To date, no evidence of vessel anatomy influencing recanali-

zation success exists, though experienced interventionalists re-

port that MT with stent retrievers is less likely to be successful in
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patients with strongly curved vessels. Zhu et al19 reported that

vessel branching and curvature are important determinants of

recanalization success; however, their work was based on indirect

MR imaging findings and focused on thrombectomy by using the

Merci retriever (Concentric Medical, Mountain View, Califor-

nia), a first-generation device, which is now obsolete in most

cases. In a previous study on MT by using the pREset thrombus

retriever (Phenox, Bochum, Germany), we observed that success-

ful recanalization was significantly less likely in patients with

strongly curved MCAs.13 Consequently, in this study, we analyzed

the influence of vessel anatomy, assessed in anteroposterior an-

giograms, on recanalization results in a larger sample size. The

purpose of this study was also to assess information on prognostic

cutoff values and the prevalence of unfavorable MCA anatomy.

MATERIALS AND METHODS
Patients, Therapy Strategy, and CT
In the stroke data base of our institution, we identified patients

treated for symptomatic acute ischemic stroke after unilateral oc-

clusion in the anterior circulation by using stent retrievers be-

tween July 2011 and April 2014. We included 159 patients (mean

age, 70 � 12.8 years; 79 women) presenting with 1 of the following

occlusion types: short-segment carotid T (ICA terminus including

proximal MCA) occlusion encompassing only the terminal ICA seg-

ment, isolated M1 segment occlusion, combined occlusion of the M1

and the proximal M2, or isolated proximal M2 occlusion.

Patients with proximal and long-segment ICA occlusion, iso-

lated anterior cerebral artery occlusion, or occlusion of �1 intra-

cranial vessel were excluded as well as patients with other vascular

pathologies such as pre-existing ICA or intracranial stenosis or

dissection, suspected vasculitis, Moyamoya disease, or acute isch-

emic stroke caused by an endovascular procedure. Patients in

whom the occlusion site could not be reached due to proximal

vessel anatomy were excluded from the analysis as well.

There were no exclusion criteria regarding the number of de-

vices used and passages of the thrombus or any demographic or

clinical parameters.

A neurologic deficit of an NIHSS score of �4 was required to

indicate treatment, following the standard operating procedure of

our institution. The NIHSS score was assessed at admission for

baseline evaluation of the patient’s clinical status.

Preinterventionally, IV rtPA was applied within a timeframe of

4.5 hours after observed symptom onset if no contraindications ex-

isted, following the guidelines by the German Society of Neurology.20

Patients received a dose of 0.9-mg rtPA per kilogram of body weight.

Ten percent of the total dose was applied as an immediate loading

dose; then, the remaining 90% was applied during the following

hour, regardless of the starting time of angiography and MT.

MT was performed in patients who presented within a timeframe

of 6 hours after symptom onset. Contraindications for MT were in-

tracranial hemorrhage and infarct demarcation of more than one-

third of the MCA territory in the most recent CT. Patients with

wake-up stroke were included if they presented within 3 hours after

discovery and only if there was no infarct demarcation detected by

noncontrast CT and there was an MTT/CBV mismatch of �30% as

detected by CT perfusion, according to the standard operating pro-

cedure of our institution and recent literature.21-23

Time durations were measured from symptom onset to groin

puncture, from symptom onset to reperfusion or the end of the

procedure in case of unsuccessful recanalization, and from groin

puncture to reperfusion or the end of the procedure, respectively.

All patients underwent CT either on a 64 – or 256 – detector

row CT scanner (Brilliance 64/iCT; Philips Healthcare, Best, the

Netherlands) immediately at admission, to rule out hemorrhage

or infarct demarcation. In addition, CT angiography was per-

formed to verify the occlusion type and to analyze vessel patterns.

A further CT or MR imaging was performed routinely within 24

hours after endovascular treatment or in case of any clinical dete-

rioration. The complete imaging data including angiograms were

re-evaluated for this study by 2 neuroradiologists in a consensus

reading (S.P. and B.J.S.).

Endovascular Treatment and Evaluation
Depending on patient compliance and vigilance, procedures were

performed with the patient under either conscious sedation or

general anesthesia. An 8F guiding catheter (VISTA BRITE TIP;

Cordis, Fremont, California) for cervical access was placed

through a short 8F sheath after the femoral artery was punctured.

By a 3-axial approach, a 0.054-inch intermediate catheter (5MAX;

Penumbra, Alameda, California) containing a 0.021-inch micro-

catheter (Trevo Pro 18; Stryker, Kalamazoo, Michigan) and a

0.014-inch microwire (Traxcess 14; MicroVention, Tustin, Cali-

fornia) was advanced intracranially. The occlusion site was passed

with the microwire and the microcatheter, which was placed as

close as possible to the proximal thrombus face. In this position,

the stent retriever was deployed, covering the proximal and the

distal thrombus borders. After a delay of 5 minutes, the device was

retrieved under constant manual aspiration into the intermediate

catheter. This procedure was repeated until successful recanaliza-

tion was achieved or it was aborted in case of excessive procedural

time and negligible chances for success. In this study, the follow-

ing stent retrievers were used either as a sole device or in combi-

nation with other devices, according to the performing interven-

tionalist’s individual decision: Solitaire FR Revascularization

Device (Covidien, Irvine, California), Trevo and Trevo ProVue

Retriever (Stryker), pREset thrombus retriever, Capture LP

(MindFrame, Irvine, California), Aperio Thrombectomy System

(Acandis, Pforzheim, Germany), and Separator 3D (Penumbra).

Recanalization results were graded in the final angiogram by

using the TICI score. TICI 2b and 3 scores were considered suc-

cessful recanalization.

Perforation, dissection, thrombus dispersion, and focal or dif-

fuse SAH were determined as procedure-related complications.

Stroke-related hemorrhagic events (hemorrhagic infarction and

parenchymal hematoma) were characterized separately, accord-

ing to the methods used in the European Cooperative Acute

Stroke Study trials.24 Complications and hemorrhage were de-

fined as clinically relevant if they were associated with an NIHSS

increase of �4 points.

Vessel Anatomy Evaluation
DSA was performed on a biplanar Allura Xper FD scanner

(Philips Healthcare). For assessment of vessel anatomy, standard
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anteroposterior projections of the final angiograms were analyzed

(Fig 1).

Patients with short-segment carotid T occlusion and proximal

M1 occlusion were summarized as having proximal occlusion, while

patients with terminal M1 or proximal M2 occlusion were summa-

rized as having distal occlusion. Patients with combined proximal

and distal occlusions were assigned to both subgroups.

In patients with a proximal occlusion, we measured 2 angles:

first, the angle between the terminal ICA segment and the most

downward bent M1 segment (Fig 1, subsequently referred to as

the ICA/M1 angle); and second, the angle between the most prox-

imal M1 segment emerging from the carotid T and the M1 seg-

ment immediately conterminous to the proximal thrombus face

(M1/M1 angle).

In patients with a distal occlusion, in addition to these 2 angles,

a third angle was measured between the

vessel segment conterminous to the oc-

clusion site and the segment immedi-

ately proximally adjacent to this (M1/

M2 angle).

In patients with carotid T occlusion

and M1 segment occlusion immediately

adjacent to the carotid T, angle measure-

ments were not possible in preinterven-

tional angiograms due to low vessel con-

trast. Therefore, the frame with the best

vessel contrast was selected from the fi-

nal control angiogram. Thus, correct

measurements were possible even in pa-

tients with incomplete recanalization af-

ter carotid T occlusion (n � 3) or M1

segment occlusions adjacent to the ca-

rotid T (n � 7) due to partially re-estab-

lished vessel contrast in all cases.

All measurements were performed

by using standard PACS tools.

Statistics
In addition to descriptive statistics, the

Fisher exact test was used for categoric

data and the exact Mann-Whitney U

test, for nonparametric testing. The Stu-

dent t test was used for continuous data.

To analyze the influence of the mea-

sured angles on the recanalization re-

sults, we used logistic regression models,

correcting for several covariates. Re-

ceiver operating characteristic (ROC)

analyses were performed, and the areas

under the ROC analysis curves were

used to evaluate the diagnostic perfor-

mance of the measured angles to differ-

entiate patients with-versus-without

successful recanalization. The Youden J

statistic was used to identify the optimal

cutoff values for differentiation of pa-

tients.25 Correlations were analyzed by

the Pearson r. Statistical analyses were

performed by using SPSS, Release 22 (IBM, Armonk, New York)

and were supervised by a statistician.

RESULTS
One hundred fifty-nine patients (mean age, 70 � 12.8 years; 79

women) were included in this study (Table 1). Angle measure-

ments were feasible in final control angiograms of all selected

patients, including those with carotid T occlusions.

The median NIHSS score at admission was 15 (range, 4 –27).

Thirty patients (18.9%) were admitted after presenting with a

wake-up stroke with an unknown time from symptom onset to

reperfusion, while in the remaining patients, the mean time be-

tween observed symptom onset and groin puncture was 230 �

80.0 minutes. In the latter, the exact time was not documented in

21 cases (16.0%), but it definitely ranged within a time window of

FIG 1. First and second columns (patients 1 and 2) show pre- (a) and postprocedural (b) angiograms
of patients with a proximal M1 occlusion as well as schematics of the vessel anatomy (c). The
thrombus site is hatched red and yellow. In patient 1, the ICA/M1 was 53° and the M1/M1 was 18°,
and he was successfully recanalized (TICI 3). Patient 2 presented with an ICA/M1 of 140° and an
M1/M1 of 105°. In this patient, thrombectomy was unsuccessful (TICI 0). Third and fourth columns
(patients 3 and 4) show pre- (a) and postprocedural (b) angiograms of patients with a proximal M2
occlusion as well as vessel schematics (c). While patient 3 presented with an M1/M2 angle of 51°
and was successfully recanalized (TICI 3), in patient 4, an M1/M2 angle of 128° was measured and
thrombectomy was unsuccessful (TICI 1).

Table 1: Epidemiologic, clinical, and technical parameters for all patients and a comparison
between subgroups, depending on recanalization success

Parameter All Patients TICI 0–2a TICI 2b/3 P Value
Group/subgroup size 159 24 (15.1%) 135 (84.9%)
Female sex (No., % of subgroup) 79 (49.7%) 11 (45.8%) 68 (50.4%) .825
Age (yr, mean) 70 � 12.8 70 � 10.7 70 � 13.2 .964
Wake-up (No., % of subgroup) 30 (18.9%) 3 (12.5%) 27 (20%) .572
Time symptom onset to puncture (min, mean)a 230 � 80.0 232 � 82.6 230 � 79.9 .902
Procedure time (min, mean)b 55 � 35.1 69 � 38.2 53 � 34.3 .058
Time onset to recanalization (min, mean)c 285 � 86.9 303 � 96.7 283 � 85.4 .349
NIHSS score at admission (median, range) 15 (4–27) 16 (7–24) 14 (4–27) .198
IV rtPA administered (No., % of subgroup) 112 (70.4%) 15 (62.5%) 97 (71.9%) .345
General anesthesia applied (No., % of subgroup) 127 (79.9%) 20 (83.3%) 107 (79.3%) .787
Passages of device (No., median, range) 2 (1–12) 4 (1–10) 2 (1–12) .008d

�1 Device used (No., % of subgroup) 55 (34.6%) 14 (58.3%) 41 (30%) .011d

a Data missing for 24 patients.
b Data missing for 9 patients.
c Data missing for 21 patients.
d Significant at P � .05.

AJNR Am J Neuroradiol 36:971–76 May 2015 www.ajnr.org 973



6 hours. In addition, no infarct demarcation was shown on the CT

scan immediately before intervention in these patients.

A successful recanalization (TICI 2b/3) was achieved in 135

patients (84.9%) after an average procedure time of 55 � 35.1

minutes. TICI 2b/3 was achieved in 29 patients (90.6%) with a

carotid T occlusion, in 109 patients (87.2%) with a proximal M1

occlusion, and in 28 patients (77.8%) with a distal M1 or proximal

M2 occlusion.

Stent retrievers were used in the following cases: pREset in 91

(57%), Solitaire in 57 (36%), Trevo and Trevo ProVue in 18 (11%),

and others (Capture LP, Aperio, and Separator 3D) in 13 (8%).

MT was performed with the patient under conscious sedation

in 32 patients (20.1%) and general anesthesia in 127 patients

(79.9%). No significant influence of the type of anesthesia on the

recanalization results was found (P � .05). Patients undergoing

general anesthesia had significantly higher NIHSS values than pa-

tients treated under conscious sedation (median, 16; range, 4 –27

versus 11, 5–22; P � .001).

Between subgroups of patients with-versus-without successful

recanalization, there were no significant differences in demo-

graphic parameters, NIHSS score at admission, time between

symptom onset and groin puncture, and procedure time. During

MT or at follow-up imaging, we detected the following proce-

dure-related complications: dispersion of the thrombus in 6 pa-

tients (3.8%), periprocedural perforation of the vessel in 4 pa-

tients (2.5%), and dissection of a vessel in 4 patients (2.5%). A

focal SAH was found in 5 patients (3.1%), while diffuse SAH was

not found in any patients. According to the European Coopera-

tive Acute Stroke Study classification for hemorrhagic events,

there were 10 patients (6.3%) with small petechial hemorrhagic

infarction, 3 patients (1.9%) with more confluent petechial hem-

orrhagic infarction, 5 patients (3.1%) with a parenchymal hema-

toma with a mild space-occupying effect, and 3 patients (1.9%)

with a parenchymal hematoma with a significant space-occupy-

ing effect. This latter parenchymal hematoma only occurred in

patients with large MCA territory infarctions after hemicraniec-

tomy. None of the described procedure-related complications or

hemorrhagic events were associated with an additional relevant

clinical deterioration. There were no significant differences be-

tween patients with-versus-without successful recanalization re-

garding complication rates and hemorrhagic events (P � .05).

One hundred twenty-five patients were assigned to the sub-

group with proximal occlusions. In patients without successful

recanalization (TICI 0 –2a), the ICA/M1 angle was significantly

larger than that in patients with successfully recanalization after

correction for age, sex, and IV rtPA application (mean, 110° �

23.8° versus 69° � 28.7°; P � .001; Table 2). For differentiating

these patients regarding recanalization success, an area under the

receiver operating characteristic analysis curve of 0.87 (P� .001)

was computed for an optimal cutoff of the ICA/M1 angle at 100°

(sensitivity, 0.81; specificity, 0.88; Youden J � 0.69). By analogy,

the M1/M1 angle also differed significantly between patients

without-versus-with successful recanalization after correction for

age, sex, and IV rtPA application (mean, 56°� 29.2° versus 29°�

26.6°; P � .001). For the M1/M1 angle, ROC analysis provided the

corresponding area under the curve of 0.76 (P � .001), with an

optimal cutoff at 36° (sensitivity, 0.75; specificity, 0.65; Youden

J � 0.40).

Between the ICA/M1 angle and the M1/M1 angle, a significant

correlation was found (r � 0.54, P � .001).

Thirty-six patients were assigned to the subgroup with distal

occlusions. In patients without successful recanalization (TICI

0 –2a), the M1/M2 angle was significantly higher than that in pa-

tients with successful recanalization after correction for age

(mean, 117°� 34.3° versus 67°� 29.5°; P � .006; Table 2). Using

ROC analysis, we found an area under the curve of 0.87 (P � .001)

for the ICA/M1 angle, with an optimal cutoff at 97°(sensitivity,

0.78; specificity, 0.86; Youden J � 0.64).

In this subgroup with distal occlusion, no significant differ-

ences were found between patients with-versus-without success-

ful recanalization regarding the proximal angles ICA/M1 and

M1/M1 (P � .05).

After defining an ICA/M1 angle of �100° as a curved MCA, 26

of 125 patients with proximal vessel occlusion were detected

(20.8%; mean age, 70 � 10.4 years; 10 women) who presented

with this curved vessel anatomy. In these patients, TICI 2b/3 was

significantly less often achieved than in patients with a lower

ICA/M1 angle (50.0% versus 97.0%, P � .001).

In the subgroup of patients with distal occlusion, 11 of 36

(30.6%; mean age, 69.82 � 14.2 years; 3 women) had an M1/M2

angle of �97°. Compared with patients with lower M1/M2 angles,

TICI 2b/3 was significantly less often achieved in these patients

(36.4% versus 92.0%, P � .001).

There were no significant differences regarding demographic

parameters between patients with curved (�100° ICA/M1) and

straight (�100° ICA/M1) proximal vessel angles as well as be-

tween patients with curved (�97° M1/M2) and straight (�97°

M1/M2) distal vessel angles.

For the comparison of different stent retrievers, the seldom-

used devices, Capture LP, Aperio, and Separator 3D, were

grouped as “others,” while the most frequently used devices, Sol-

itaire FR, pREset, and Trevo/Trevo ProVue were assessed sepa-

Table 2: Angles, P values, AUCs for ROC analyses, and optimal cutoff values to differentiate TICI subgroups and Youden indices for
different vessel anglesa

Occlusion Pattern
Group

Size Angle
TICI 0–2a

(mean)
TICI 2b/3

(mean) P ROC AUC
Cutoff and

Youden index
Proximal (carotid T or proximal M1 segment) 125 ICA/M1 110 � 23.8 69 � 28.7 .000b .872d 100° (J � 0.69)

125 M1/M1 56 � 29.2 29 � 26.6 .001b .759d 36° (J � 0.40)
Distal (distal M1 or proximal M2 segment) 36 M1/M2 117 � 34.3 67 � 29.5 .006c .865d 97° (J � 0.64)

Note:—AUC indicates area under the curve.
a P values significant at P � .05.
b Corrected for age, sex, and IV rtPA (yes/no).
c Corrected for age.
d Significant at P � .005.
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rately. We analyzed whether one of the devices was used more

frequently in patients who were successfully recanalized despite

the presence of curved vessels. None of the devices were signifi-

cantly over-represented in either subgroup (P � .05). In the whole

study population, none of the devices were associated with a sig-

nificantly better recanalization rate or a significantly elevated

complication rate (P � .05). In patients without successful recan-

alization, significantly more passages were performed and �1 de-

vice was deployed significantly more often than in patients with

successful recanalization (P � .008 and P � .011, respectively).

A strong vessel curvature (ICA/M1 � 100°, M1/M1 � 36°,

M1/M2 � 97°, respectively) was associated with neither a signif-

icantly higher rate of procedure-related complications such as

thrombus dispersion, vessel perforation, or dissection nor hem-

orrhagic events (P � .05, respectively).

In patients with successful recanalization, IV rtPA was not

administered significantly more often than in patients with TICI

0 –2a (71.9% in TICI 2b/3 versus 62.5% in TICI 0 –2a; P � .05).

DISCUSSION
In this study, we have shown that vessel anatomy, in particular the

curvature of the carotid T and the MCA M1 and M2 segments, has

a significant influence on the technical results of MT by using

stent retrievers. Patients without successful recanalization (TICI

0 –2a) had both significantly larger ICA/M1 and M1/M1 angles in

proximal vessel occlusions and significantly larger M1/M2 angles

in distal vessel occlusions.

To our knowledge, this phenomenon has not been described

in detail before. In patients with acute ischemic stroke after MCA

occlusion, Zhu et al19 assessed the clot configuration by using

gradient-echo MR images in axial sections and thus the vessel

anatomy within the occlusion site. However, this method pro-

vides only indirect information on the vessel curvature, and vessel

anatomy proximal to the occlusion site cannot be analyzed.

The relevant geometric details provided by the MCA segment

are direction changes toward superior and inferior. Therefore

MCA angles are visualized and assessed best in anteroposterior

projections.

Furthermore, per se, vascular structures are shown in DSA

most precisely; however, only vessel sections passed by intra-ar-

terial contrast agent are visible. Therefore, a limitation of the tech-

nique used is that we were only able to measure angles including

the most distal vessel segment visualized that was immediately

conterminous to the occlusion site. Clot configuration along its

entire length and vessel anatomy within the occlusion site could

not be analyzed; thus, its influence on recanalization success re-

mains unclear. Further analyses may make use of the microwire

passage as an auxiliary marker for vessel anatomy within the oc-

clusion site, or, more directly, of 3D susceptibility-weighted im-

aging data from patients undergoing MR imaging as a primary

stroke imaging technique.

While vessel anatomy assessment based on anteroposterior

projections remains an approximation, the most precise angle

measurement may be possible in 3D models obtained from CTA.

For this analysis, this method has been tested in a small group of

patients; however, it proved to be impractical due to the compar-

atively low spatial resolution and the poor vessel contrast imme-

diately adjacent to the occlusion site.

Because this is a retrospective analysis, only assumptions can

be made regarding the causal relation between vessel anatomy and

successful recanalization. First, when retracting the stent retriever

toward the distal-access catheter following a strongly curved ves-

sel segment, the stent-like device may diminish its full spatial ex-

tension and thus the grip and interacting forces on the thrombus

may be reduced, an effect that has been described as “taper-

ing.”12,13 Second, strongly curved vessels may increase friction

among the vessel walls, catheters, wires, and device, thus imped-

ing passage and retrieving maneuvers. Third, during the retriev-

ing maneuver, one may observe a change of the vessel anatomy:

When applying traction to the pusher wire to which the stent

retriever is connected, the expanded device transfers this tension

to the vessel anatomy, causing both a folding of vessel segments

proximal and an elongation distal to the deployment site. This

effect may be more prominent in initially already strongly curved

vessels and may increase angles and friction between the throm-

bus and the vessel wall even more.

On the other hand, curved vessels were not associated with a

significantly increased number of periprocedural complications,

such as thrombus dispersion, vessel perforation, or intracranial hem-

orrhage. Therefore, patients with curved vessels apparently do not

have an increased periprocedural risk profile if MT is performed.

Regarding different devices, this study did not show any sig-

nificant superiority of any of the used stent retrievers compared

with other models in patients with curved vessels, even though more

recently developed stent retrievers have been designed to provide

more stability when being retracted around vessel curves and there-

fore are supposed to avoid the “tapering” phenomenon.12,13

Although vessel curvature significantly influences the results

of MT by using stent retrievers, TICI 2b/3 was still achieved in

one-half of patients presenting with curved vessels with proximal

occlusions and approximately one-third of patients with curved

vessels and distal occlusions. Therefore, patients should never be

excluded from MT solely on the basis of their vessel angles. How-

ever, further development and individualized selection of re-

trieval devices regarding vessel anatomy may improve the recan-

alization success in patients with curved vessels. For instance,

more bendable devices with a design advanced from the classic

stent configuration may perform differently.

Additionally, alternative techniques such as the forced-suction

approach, as described in a recent trial, should be assessed in

patients with curved vessels because recanalization rates of up to

95% have been reported for this technique.26 A number of studies

on suction-based approaches have been published recently, show-

ing inconsistent results; however, none of these studies analyzed

vessel anatomy as a factor influencing recanalization success.27-29

Aortic and cervical vessel anatomy may influence recanaliza-

tion results as well. Especially, older patients with a history of

hypertension present with elongated arteries that may impede

catheterization and lengthen the procedure duration. Still, no sig-

nificant influences of age and procedure time on TICI scores were

found. Similarly, neither the type of anesthetic nor the NIHSS

score at admission significantly influenced the recanalization re-

sults. Therefore, we conclude, in this retrospective analysis, that
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any possible influence from those parameters on technical results

of MT was secondary.

This study focused on intracranial vessel anatomy as 1 factor

influencing MT results. It is plausible that other factors (ie,

thrombus composition) have a significant influence as well. These

should be considered and analyzed in further prospective studies.

Overall, MT significantly improved recanalization rates and

clinical outcome in patients with acute ischemic stroke caused by

large-vessel occlusion by using stent retrievers.5-11 However, in

approximately 10%–25% of patients, a successful recanalization

(TICI 2b/3) could not be achieved.5-14 So far, not many factors are

fully understood in determining the recanalization results of these

patients. One significant factor is vessel anatomy, as this retro-

spective study showed.

CONCLUSIONS
In this study, the influence of vessel anatomy, assessed in antero-

posterior angiograms, on recanalization results by using stent re-

trievers in patients with acute ischemic stroke after large-vessel

occlusion was described for the first time. It was shown that pa-

tients with unsuccessful recanalization (TICI 0 –2a) had signifi-

cantly stronger curved carotid Ts, distal M1 segments, and/or

proximal M2 segments than patients with successful recanalization

results (TICI 2b/3). Further experimental work is needed to under-

stand the causality of this finding and to develop and analyze new

treatment strategies and devices for this patient subgroup.

ACKNOWLEDGMENTS
The authors thank Sebastian Obermeyer for the illustrations and

Alexander Hapfelmeier for statistical advice.

Disclosures: Sascha Prothmann—UNRELATED: Consultancy: proctoring for Phenox;
Employment: consultant at Klinikum rechts der Isar, Munich.

REFERENCES
1. Seshadri S, Wolf PA. Lifetime risk of stroke and dementia: current

concepts, and estimates from the Framingham Study. Lancet Neurol
2007;6:1106 –14

2. Mori E, Yoneda Y, Tabuchi M, et al. Intravenous recombinant tissue
plasminogen activator in acute carotid artery territory stroke. Neu-
rology 1992;42:976 – 82

3. Saqqur M, Uchino K, Demchuk AM, et al; CLOTBUST Investigators.
Site of arterial occlusion identified by transcranial Doppler pre-
dicts the response to intravenous thrombolysis for stroke. Stroke
2007;38:948 –54

4. Smith WS, Lev MH, English JD, et al. Significance of large vessel
intracranial occlusion causing acute ischemic stroke and TIA.
Stroke 2009;40:3834 – 40
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