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ABSTRACT
BACKGROUND AND PURPOSE: In the treatment of acute thromboembolic stroke, the effectiveness and success of thrombus removal
when using stent retrievers is variable. In this study, we analyzed the correlation of thrombectomy maneuver count with a good clinical
outcome and recanalization success.
MATERIALS AND METHODS: One hundred and four patients with acute occlusion of the middle cerebral artery or the terminal internal
carotid artery who were treated with thrombectomy were included in this retrospective study. A good clinical outcome was deﬁned as a
90-day mRS of ⱕ2, and successful recanalization was deﬁned as TICI 2b–3.
RESULTS: The maneuver count ranged between 1–10, with a median of 2. Multivariate logistic regression analyses identiﬁed an increasing
number of thrombectomy maneuvers as an independent predictor of poor outcome (adjusted OR, 0.59; 95% CI, 0.38 – 0.87; P ⫽ .011) and
unsuccessful recanalization (adjusted OR, 0.48; 95% CI, 0.32– 0.66; P ⬍ .001). A good outcome was signiﬁcantly more likely if ﬁnished within
2 maneuvers compared with 3 or 4 maneuvers, or even more than 4 maneuvers (P ⬍ .001).
CONCLUSIONS: An increasing maneuver count correlates strongly with a decreasing probability of both good outcome and recanalization. The probability of successful recanalization decreases below 50% if not achieved within 5 thrombectomy maneuvers. Patients who
are recanalized within 2 maneuvers have the best chance of achieving a good clinical outcome.

R

ecent trials showed that mechanical thrombectomy is effective in acute ischemic stroke caused by large vessel occlusion.1-7 The speed and success of thrombus removal is variable.8-12 Often, several thrombectomy maneuvers are necessary to
restore antegrade flow and cerebral perfusion. However, it is uncertain whether flow restoration after multiple thrombectomy
maneuvers is still followed by a good clinical outcome. Currently,
there is no consensus on a maximum number of maneuver attempts in cases where the thrombus cannot be removed
promptly. Hence, the decision to abort the procedure for technical futility is mostly at the discretion of the individual operator. To
address this question, we retrospectively analyzed the impact of
thrombectomy maneuver count on recanalization and clinical
outcome.
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MATERIALS AND METHODS
Patient Selection
Between January 2012 and November 2014, all consecutive patients undergoing thrombectomy for the treatment of acute ischemic
stroke were collected in a prospective data base and analyzed retrospectively. Inclusion criteria for this study were acute occlusion of the
M1 segment of the middle cerebral artery or terminal internal carotid
artery, premorbid mRS score of ⱕ2, and the primary usage of Solitaire FR (Covidien, Irvine, California) or Trevo (Stryker, Kalamazoo,
Michigan) stent retrievers. Patients who underwent concomitant
stent placement of intracranial arteries during the procedure were
excluded. The study was approved by our local ethics committee.

Data Acquisition
Baseline demographic data, initial NIHSS score, prestroke mRS,
and mRS score at 90 days after stroke onset were regularly documented by neurologists. A good clinical outcome was defined as a
90-day mRS score of ⱕ2. An unfavorable outcome was defined as
a 90-day mRS score of ⬎2.

Image Analysis
The reader was blinded to clinical data. Baseline ASPECTS was
determined on pre-interventional diffusion-weighted sequences

Table 1: Univariate analysis of data according to recanalization success
Successful
Unsuccessful
Characteristics
Recanalization (n = 83) Recanalization (n = 21)
Age, yr (mean, SD)
68.8 (15.6)
69.7 (14.3)
Female, no. (%)
52 (62.7)
8 (38.1)
Hypertension, no. (%)
64 (77.1)
10 (47.6)
Diabetes mellitus, no. (%)
15 (18.1)
2 (9.5)
Prestroke mRS, median (IQR)
0 (0–1)
0 (0–1)
Initial NIHSS score, median (IQR)
17 (14–21.75)
18 (14.75–23.25)
Initial ASPECTS, median (IQR)
8 (7–9)
8 (7–9)
Initial occlusion site, no. (%)
Carotid T
28 (33.7%)
10 (47.6%)
M1
55 (66.3%)
11 (52.4%)
Intravenous tPA, no. (%)
56 (67.5%)
16 (76.2%)
Maneuver count, median (IQR)
2 (1–3)
5 (3–7)
Onset to TICI, min (median, IQR)
310 (224–401)
281 (219–324)

P Value
.005
.051
.045
.733
.910
.420
.673
.311

groups were analyzed by using a KruskalWallis rank sum test. Statistical significance was set at P ⬍ .05.

RESULTS

Of the 250 reviewed records of stroke patients with any intracranial occlusion
undergoing thrombectomy at our institution, 104 patients met the inclusion criteria
for this retrospective study. Among these
patients, 57.7% were women, and the
.598
mean age was 69.0 (⫾14.3) years.
⬍.001
Eighty-eight patients (84.6%) were
.295
treated under general anesthesia, and 16
Note:—Carotid T indicates terminal internal carotid artery; IQR, interquantile range; M1, M1 segment of the middle
patients (15.4%) were treated under
cerebral artery.
conscious sedation.
The following stent retrievers were used primarily: Solitaire in
all cases and Trevo in 7 cases (6.7%). If recanalization could not be
achieved by using Solitaire or Trevo, the following devices were
used: Catch Mini (Balt, Montmorency, France) in 3 cases (2.9%),
ERIC (MicroVention, Tustin, California) in 1 case (0.9%), Capture LP (MindFrame, Irvine, California) in 1 case (0.9%), and
Aperio (Acandis, Pforzheim, Germany) in 1 case (0.9%).
The median number of thrombectomy maneuvers was 2
(range, 1–10). Eleven patients (10.6%) underwent concomitant
stent placement of the proximal internal carotid artery. A total of
79.8% of the patients were successfully recanalized (TICI score of
2b or 3). A TICI score of 2a was achieved in 14.4%. In 3.8% of the
patients, no sufficient recanalization was achieved (TICI score of
FIGURE. A, Logistic regression curve representing an estimate of the
probability of successful recanalization (TICI score of 2b or 3), de0 or 1). A good clinical outcome was recorded in 41.3% of the
pending on the thrombectomy maneuver count (P ⬍ .001). B, Logistic
patients (90-day mRS score of ⱕ2).
regression curve representing an estimate of the probability of a
In univariate analysis (Table 1), successful recanalization was
good clinical outcome (90-day mRS score of ⱕ2), depending on the
thrombectomy maneuver count (P ⬍ .001).
associated with lower age (P ⫽ .005), hypertension (P ⫽ .045),
and lower maneuver count (P ⬍ .001). The univariate analysis
also revealed that the chance of successful recanalization dein MR imaging or nonenhanced CT scans. TICI scores were ascreased below 50% after 5 thrombectomy maneuvers (Fig 1A). In
sessed on the final angiographic series. A TICI score of 2b or 3
adjusted multivariate logistic regression, the maneuver count was
(subtotal or complete perfusion) was regarded as successful rean independent predictor of successful recanalization (adjusted
canalization. The thrombectomy maneuver count was regularly
OR, 0.48; 95% CI, 0.32– 0.66; P ⬍ .001).
reported by the performing neurointerventionalist. The reported
In another univariate analysis (Table 2), good clinical outmaneuver count included the use of any additional stent retriever
come was significantly associated with lower age (P ⬍ .001), lower
during thrombectomy and was not limited to Solitaire FR or
prestroke mRS (P ⫽ .020), lower initial NIHSS score (P ⫽ .025),
Trevo. Sole thrombus aspiration attempts were not evaluated as a
lower maneuver count (P ⬍ .001), successful recanalization (P ⫽
thrombectomy maneuver.
.042), and short onset-to-recanalization time (P ⫽ .016). In a
multivariate logistic regression analysis adjusting for these variStatistical Methods
ables, the maneuver count appeared to be an independent predicStatistical analyses were performed with R version 3.2.2 (http://
tor of good clinical outcome (adjusted OR, 0.59; 95% CI, 0.38 –
www.r-project.org/) and RStudio version 0.99 (http://rstudio.
0.87; P ⫽ .011). As shown in Fig 1B, patients who were recanalized
org/download/desktop). Ninety-day mRS scores are presented as
within 2 thrombectomy maneuvers had a 50%– 60% chance of a
median and interquantile range. Univariate analyses comparing degood outcome (n ⫽ 51; median 90-day mRS score of 2; interquanmographic variables that were potentially relevant for predicting the
tile range, 1– 4). Chances of a good outcome were significantly
clinical outcome and recanalization were performed by using a
lower when 3 or 4 maneuvers (n ⫽ 34; median 90-day mRS score
Mann-Whitney U test for continuous data and Fisher exact test for
of 3; interquantile range, 2– 4), or even more than 4 maneuvers
categoric variables. A multivariate model was applied to assess the
(n ⫽ 16; median 90-day mRS score of 4; interquantile range,
association of the maneuver count with the TICI score and 90-day
3.5– 6) were required for recanalization (P ⬍ .001). Only 1 of 16
mRS score, adjusting for those variables that showed univariate assopatients with more than 4 thrombectomy maneuvers had a good
ciation (P ⬍ .05). Odds ratios and 95% confidence intervals were
estimated. Differences in the 90-day mRS score between various
neurologic outcome.
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Table 2: Univariate analysis of data according to clinical outcomea
Good Outcome
Poor Outcome
Characteristics
(n = 43)
(n = 59)
Age, yr (mean, SD)
61.4 (17.3)
74.6 (10.8)
Female, no. (%)
27 (62.8)
32 (54.2)
Hypertension, no. (%)
27 (62.8%)
46 (78.0%)
Diabetes mellitus, no. (%)
5 (11.6%)
12 (20.3%)
Prestroke mRS, median (IQR)
0 (0–0)
1 (0–1)
Initial NIHSS score, median (IQR)
15 (12–20)
19 (16–22)
Initial ASPECTS, median (IQR)
8 (7–9)
8 (7–8)
Initial occlusion site, no. (%)
Carotid T
14 (38%)
22 (37%)
M1
23 (62%)
38 (63%)
Intravenous tPA, no. (%)
33 (76.7%)
37 (62.7%)
Maneuver count, median (IQR)
2 (1–3)
3 (2–4.25)
Onset to TICI, min (median, IQR)
254 (193.25–357)
324 (273.5–429)
Recanalization, no. (%)
TICI score 0–2a
4 (9.3%)
16 (27.1%)
TICI score 2b or 3
39 (90.7%)
43 (72.9%)

giographic recanalization rated on the
TICI scale. A possible variable affecting
P Value
the clinical outcome might be the pro⬍.001
longed procedure time when multiple
.423
thrombectomy maneuvers need to be
.068
carried out.13 In addition, platelet-rich
.285
and thick clots may barely be removed
.020
with currently available stent retrievers,
.025
.155
leading to unsuccessful recanalization
.838
and consequently to poor neurologic outcome.8,10,14 Furthermore, progressive infarction during prolonged recanaliza.194
tion attempts may also be associated
⬍.001
.016
with filling defects in the distal macro.042
vasculature caused by increased regional
vascular resistance.15
A limitation of this study is its retroNote:—Carotid T indicates terminal internal carotid artery; IQR, interquantile range; M1, M1 segment of the middle
spective design. Although the usage of
cerebral artery.
a
Two patients were lost to follow-up.
Solitaire or Trevo as the first thrombectomy device was a defining inclusion criDISCUSSION
terion, other thrombectomy devices may have been used addiIn mechanical thrombectomy, it is still unclear how many maneutionally during the procedure. Therefore, the reported maneuver
vers should be attempted in cases where the occluding thrombus
count could not be attributed to 1 specific stent retriever. Aspiracannot be removed easily (ie, where sufficient recanalization action attempts were not performed on a regular basis and, therecording to TICI 2b/3 cannot be achieved with a single or few
fore, not evaluated. With this approach as a primary approach, the
maneuvers). The decision of when to abort the thrombectomy
relationship between the number of maneuvers and recanalizaprocedure after encountering technical difficulties in retrieving
tion may be different. Operator experience was not analyzed, eithe thrombus is made mainly at the discretion of the operator and
ther. In addition, termination of the thrombectomy procedure
not based on empirical evidence. Therefore, we retrospectively
was a subjective choice by the operator based on various clinical
studied the impact of the thrombectomy maneuver count on refactors. Thus, there might be some underlying bias.
canalization and clinical outcome in patients with acute ischemic
stroke caused by occlusion of the terminal internal carotid artery
CONCLUSIONS
or M1 segment.
The increasing number of thrombectomy maneuvers is strongly
This study confirms that achieving flow restoration within a
correlated with a decreasing probability of recanalization and of
few thrombectomy maneuvers is important. With every thromfavorable neurologic recovery. Especially, the chance of successful
bectomy maneuver, we found that the probability of a favorable
recanalization will decrease below 50% if recanalization is not
outcome, defined as mRS score ⱕ2, decreases significantly. In
achieved within 5 thrombectomy maneuvers. Patients recanalized
addition, our results demonstrate that the number of thrombecwithin 2 maneuvers have the best chance of achieving a good
tomy maneuvers is strongly correlated with the probability of sucoutcome. After 4 thrombectomy maneuvers, there is nearly no
cessful recanalization itself (TICI score of 2b or 3). Patients who
chance of good clinical outcome.
were recanalized within 2 maneuvers had the best chance of
achieving a good outcome.
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