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Abstract

Background We aim to assess the association between procedural time and outcomes in patients in unsuccessful mechanical
thrombectomy (MT) for anterior circulation acute stroke.

Methods We conducted a cohort study on prospectively collected data from patients with M1 and/or M2 segment of middle
cerebral artery occlusion with a thrombolysis in cerebral infarction 0—1 at the end of procedure. Primary outcome was 90-day
poor outcome. Secondary outcomes were early neurological deterioration (END), symptomatic intracranial hemorrhage
(sICH) according to ECASS II and sICH according to SITS-MOST.

Results Among 852 patients, after comparing characteristics of favourable and poor outcome groups, logistic regression
analysis showed age (OR: 1.04; 95%CI: 1.02-1.05; p <0.001), previous TIA/stroke (OR: 0.23; 95%CI: 0.12-0.74; p=0.009),
M1 occlusion (OR: 1.69; 95%CI: 1.13-2.50; p=0.01), baseline NIHSS (OR: 1.01; 95%CTI: 1.06-1.13; p <0.001) and pro-
cedural time (OR:1.00; 95% CI: 1.00-1.01; p =0.003) as independent predictors poor outcome at 90 days. Concerning sec-
ondary outcomes, logistic regression analysis showed NIHSS (OR:0.96; 95%CI: 0.93-0.99; p =0.008), general anaesthesia
(OR:2.59; 95%CI: 1.52—4.40; p <0.001), procedural time (OR: 1.00; 95% CI: 1.00-1.01; p=0.002) and intraprocedural
complications (OR: 1.89; 95%CI: 1.02-3.52; p=0.04) as independent predictors of END. Bridging therapy (OR:2.93;
95%CI: 1.21-7.09; p=0.017) was associated with sSICH per SITS-MOST criteria whereas M1 occlusion (OR: 0.35; 95%CI:
0.18-0.69; p=0.002), bridging therapy (OR: 2.02; 95%CI: 1.07-3.82; p=0.03) and intraprocedural complications (OR: 5.55;
95%CI: 2.72-11.31; p<0.001) were independently associated with sSICH per ECASS II criteria. No significant association
was found between the number of MT attempts and analyzed outcomes.

Conclusions Regardless of the number of MT attempts and intraprocedural complications, procedural time was associated
with poor outcome and END. We suggest a deeper consideration of procedural time when treating anterior circulation occlu-
sions refractory to MT.

Keywords Procedural time - Acute stroke - Unsuccessful thrombectomy - Clinical outcome

Introduction

Successful recanalization is one of the strongest predic-
tors of favourable functional outcome after mechanical
thrombectomy (MT) in patients with acute ischemic stroke
(AIS) secondary to large vessel occlusion (LVO) [1]. How-
ever, poor or absent recanalization is reported in up to
30% of cases after MT2. Many causes have been suggested
for unsuccessful recanalization, such as vessel tortuosity,
thrombus characteristics or clot burden, site of occlusion,
age, underlying vessel-wall pathology [2, 3]. In the setting
of complex endovascular procedures, whether the optimal
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approach is to perform multiple thrombectomy attempts to
achieve successful recanalization or stopping the procedure
to avoid potential harm remains unclear. Indeed, despite the
proven benefits of recanalization, longer procedures and
more attempts might be detrimental in both successful and
unsuccessful procedures [4, 5]. Furthermore, bridging ther-
apy with intravenous thrombolysis (IVT) and MT might be
associated with better outcomes compared with direct MT,
even in case of partial recanalization [6].

Prognostic factors of outcome in patients who do not
reach successful recanalization have been poorly investi-
gated. Several factors such as procedural time (i.e. the time
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between groin puncture and the end of the procedure/last
degree of recanalization) and number of retrieval attempts
might influence the treatment decision-making process dur-
ing the procedure.

The aim of this study was to investigate the associations
between clinical, radiological and procedural factors and
functional outcomes in patients with AIS due to anterior cir-
culation LVO who had unsuccessful recanalization after MT.

Methods

This is a cohort study based on prospectively collected data
of patients included in the Italian Registry of Endovascular
Treatment in Acute Stroke (IRETAS). IRETAS is a multi-
center, observational internet-based registry of patients with
AIS secondary to LVO receiving endovascular treatment [7].
Participating centers were required to register consecutive
stroke patients receiving endovascular procedures irrespec-
tive of whether treatment was according to guidelines.

Our analysis was conducted according to the STROBE
criteria (Strengthening the Reporting of Observational Stud-
ies in Epidemiology) for observational studies.

Clinical and radiological data were collected by neurolo-
gists and neuroradiologists, respectively. The following clin-
ical data were collected: baseline demographic characteris-
tics such as age and sex; vascular risk factors such as arterial
hypertension, diabetes mellitus, hypercholesterolemia, atrial
fibrillation, current or previous smoking, previous stroke or
transient ischemic attack, congestive heart failure, current
tobacco use, baseline National Institutes of Health Stroke
Scale (NIHSS), 24-h NIHSS, IVT. We also collected radio-
logical and procedural data such as Alberta Stroke Program
Early Computed Tomography Score [ASPECTS], site of
occlusion, type of anaesthesia, the interval time between
symptom onset and groin puncture time, procedural time
(defined as the interval between groin puncture and last
degree of recanalization), number of thrombectomy attempts
and intraprocedural complications (vessel perforation or
dissection).

Neuroradiologists assessed recanalization status at the
end of the procedure according to the Thrombolysis in Cer-
ebral Infarction (TICI) score.

Study population and outcome measures

We included patients older than 16 years old, with AIS sec-
ondary to isolated occlusion of M1 and/or M2 segment of
middle cerebral artery (MCA). Patients were treated with
MT within 24 h from symptom onset and had unsuccessful
recanalization, defined as a TICI score from O to 1, between
January 2011 and December 2021. Patients with a pre-stroke
modified Rankin Scale (mRS) > 2, unknown time of onset
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and wake up stroke, tandem and T lesion or intracranial
internal carotid artery (ICA) occlusion were excluded.

Primary outcome was 90-day poor outcome, defined as a
mRS of 4 to 6. Secondary outcomes were death at 90 days,
early neurological deterioration (END), defined as a worsen-
ing of at least 4 points on the NIHSS at 24 h or death within
24 h [8], symptomatic intracerebral haemorrhage (sICH)
according to European Cooperative Acute Stroke Study
(ECASS) IT and sICH according to Safe Implementation of
Thrombolysis in Stroke-Monitoring Study (SITS-MOST)
classification [9, 10].

Statistical analysis

Continuous variables were presented as median (interquar-
tile range, IQR) or mean (standard deviation, SD), as appro-
priate; dichotomous/categorical variables were presented as
numbers and percentages. Student’s ¢ test or Mann—Whitney
U test were used for continuous data. Pearson’s y° test or
Fisher’s exact test were used for dichotomous/categorical
data as appropriate.

Univariate analysis was applied to look for associations
between clinical and radiological variables and 90-day mRS
4-6, mortality and in-hospital death, END, sICH according
to SITS-MOST and sICH according to ECASS II criteria
[8—10]. The prognostic value of variables associated to out-
come measures was tested using a logistic regression model
including age, sex, year of treatment and variables found
statistically significant (p <0.10) at the univariate analysis.
Probability values less than 0.05 were considered to be of
statistical significance. Statistical analyses were performed
using SPPS (V.28) ®(BM) software.

Standard protocol approvals, registrations,
and patient consents

Need for ethical approval or patient consent for participa-
tion in the IRETAS varied among participating hospitals.
Ethical approval and informed consent were obtained when
required.

Data availability statement

Anonymized data will be shared from any qualified investi-
gator on reasonable request.

Results

Among 19,069 patients, 852 (mean age: 74.92 +12.42;
60.2% female) fulfilled inclusion criteria and were col-
lected for the analysis. Flow diagram of patient inclusion
and exclusion is provided in Fig. 1. Among 852 patients
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Fig. 1 Flowchart of included
patients. IRETAS =1Italian Reg-
istry of Endovascular Treatment

IRETAS January 2011 - December 2021

(n =19069)

in Acute Stroke

Age <16 (n =13)

Posterior circulation (n=2091)
Isolated extracranial ICA (n=2181)

Tandem (n=1260)
Carotid T Occlusion (n=2155)
Stenosis (n=12)

No Occlusion (n=384)
Missing occlusion site (n=734)

Aged >16 and M1 or M2

occlusion (n=10239)

TICI >1 (n=9031) |
Missing final mTICI (n=157)

TICI 0-1 (n=1051)

Onset-to-treatment time>24h (n=78)
Wake-up onset (n=78)
pre-stroke mRS>2 (n=43)

Included patients
(n =852)

included in the study, 57 were excluded from the analysis
because of missing data concerning 90-day outcome. Table 1
summarizes baseline clinical and treatment characteristics
of the entire cohort and of the two main outcome groups
(90-day mRS 0-3 vs 4-6). Main vascular risk factors were
hypertension (70%) followed by atrial fibrillation (38.4%)
and diabetes (17.5); 47.1% of patients were treated with
bridging therapy (IVT and MT) and the remaining with
direct MT. The most frequent anaesthesia protocol was
sedation (43.2%) followed by general anaesthesia (28.2%).
Median baseline NIHSS was 16 (IQR: 11-20) and median
baseline ASPECTS was 10 (IQR: 8-10). Median interval
time between symptom onset and groin puncture and proce-
dural time were 255 min (IQR: 196-337) and 87 min (IQR:
60-115), respectively.

The two 90-day outcome groups (mRS 0-3 and mRS 4-6)
differed by age (76.87+11.1 vs 70.71 +£13.9; p<0.001),
atrial fibrillation (29.2% vs 42.8%; p <0.001); hyperten-
sion (63.6% vs 74.4%; p=0.003), baseline NIHSS [12
(IQR: 7-18) vs 18 (IQR: 14-21); p<0.001], M1 occlu-
sion (46.2% vs 63.1%; p<0.001), M2 occlusion (53.8% vs
36.9%; p <0.001), procedural time [79.5 min (IQR: 55-104)
vs 89.0 min (IQR: 60-117); p=0.002]. No difference in the

number of thrombectomy attempts between the two outcome
groups was found.

After logistic regression analysis, age (OR: 1.04; 95%CI:
1.02-1.05; p<0.001), previous TIA/stroke (OR: 0.23;
95%CI: 0.12-0.74; p=0.009), M1 occlusion (OR: 1.69;
95%CI: 1.13-2.50; p=0.010), baseline NIHSS (OR: 1.01;
95%CI: 1.06-1.13; p<0.001) and procedural time (OR:
1.00; 95% CI: 1.00-1.01; p=0.003) were significantly asso-
ciated with poor outcome at 90 days. Older age (OR: 1.06;
95%CI: 1.04-1.08; p <0.001) and higher baseline NIHSS
(OR: 1.04; 95%CI: 1.01-1.07; p=0.003) were associated
with a higher risk of mortality (Table 2).

Table 3 shows the comparison of clinical and treatment
data of secondary outcome groups (END vs no END, sICH
vs no sICH per ECASS II criteria, SICH vs no sICH per
SITS MOST criteria). After logistic regression analysis,
NIHSS (OR: 0.96; 95%CI: 0.93-0.99; p=0.008), general
anaesthesia (OR: 2.59; 95%CI: 1.52-4.40; p <0.001), pro-
cedural time (OR: 1.00; 95% CI: 1.00-1.01; p=0.002) and
intraprocedural complications (OR: 1.89; 95%CI: 1.02-3.52;
p=0.044) were significantly associated with a higher risk
of END. Bridging therapy (OR: 2.93; 95%CI: 1.21-7.09;
p=0.017) was significantly associated with sICH according
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Table 1 Clinical and treatment data and comparison of different outcome groups

Characteristic All patients (852) 90-day mRS 0-3 90-day mRS 4-6 P Death at 90 days P In-hospital death P
(N 247) (N 548) (N 266) (N 123)
Age
Mean+SD 74.92+12.42 76.87+11.1 70.71+13.9 <0.001 79.34+9.1 <0.001 78.45+9.5 0.001
Sex
Male 339 (39.8) 98 (39.7) 214 (39.1) 0.87 105 (38.6) 0.82 55(43.3) 0.38
Female 513 (60.2) 149 (60.3) 334 (60.9) 167 (61.4) 72 (56.7)
Previous TIA/ 34 (4.2) 15 (6.4) 15(2.9) 002 727 024 541 1.0
Stroke, n (%)
Atrial fibrillation, 312 (38.4) 69 (29.2) 224 (42.8) <0.001 117 (45.0) 0.010 56 (45.5) 0.09
n (%)
Diabetes, n (%) 142 (17.5) 36 (15.3) 99 (18.9) 026 50(19.2) 048 21(17.1) 1.0
Hypertension, n (%) 569 (70.0) 150 (63.6) 189 (74.4) 0.003 202 (77.7) 0.004 98 (79.7) 0.010
Heart failure, n (%) 67 (8.2) 15 (6.4) 45 (8.6) 0.31 34 (13.1) <0.001 19 (15.4) 0.004
Current tobacco 130 (16.0) 46 (19.5) 82 (15.7) 0.20 33 (12.7) 0.03 16(13.0) 0.42
use, n (%)
Hypercholester- 198 (24.4) 50 (21.2) 135 (25.8) 0.20  65(25.0) 0.79 30244 1.0
olemia, n (%)
Treatment
AVT+°MT, n (%) 380 (47.1) 114 (49.1) 252 (48.0) 0.81 116 (44.4) 0.12  62(50.8) 0.67
Direct °MT, n (%) 426 (52.9) 118 (50.9) 273 (52.0) 145 (55.6) 60 (49.2)
Anaesthesia (N 666)
None, n (%) 138 (20.7) 44 (23.3) 85 (19.7) 041 34(16.2) 0.07 15(14.6) 0.21
Sedation, n (%) 288 (43.2) 75 (39.7) 194 (44.9) 102 (48.6) 46 (44.7)
General anaesthe- 240 (28.2) 70 (37.0) 153 (35.4) 74 (35.2) 42 (40.8)
sia, n (%)
‘NIHSS
Admission, 16 (11-20) 12 (7-18) 18 (14-21) <0.001 18 (14-21) <0.001 18 (14-21) 0.66
median (IQR)
24 h, median 17 (11-21) 10 (6-15) 19 (16-22) <0.001 20(16-24) <0.001 21 (18-24) <0.001
(IQR)
Baseline 10 (8-10) 10 (8-10) 10 (8-10) 0.03 9(8-10) 0.17  10(8-10) 0.15
ASPECTS,
median (IQR)
Site of occlusion
M1 489 (57.4) 114 (46.2) 346 (63.1) <0.001 175 (64.3) 0.008 81 (63.8) 0.12
M2 363 (42.6) 133 (53.8) 202 (36.9) 97 (35.7) 46 (36.2)
Onset-to-groin time  255.0 (196-337) 265.5 (198-350) 255.0 (196-330) 0.85  253.0(191-330) 0.96  240.0 (180-330) 0.52
(min), median
(IQR)
Procedural time 87.0 (60-115) 79.5 (55-104) 89.0 (60-117) 0.002 90.0 (60-117) 0.62  93.0 (59-125) 0.35
(min), median
(IQR)
Number of MT 3.0 (2-4) 2.0 (2-4) 3.0(2-4) 0.18 3.024) 0.87 3.02-4) 0.51
attempts (N 402)
0-3 MT attempts 263 (65.4) 76 (68.5) 171 (64.0) 047  83(654) 1.0 35 (60.3) 0.37
>3 MT attempts 139 (34.6) 35 (31.5) 96 (36.0) 44 (34.6) 23 (39.7)
Intraprocedural 61(7.2) 16 (6.5) 55 (10.0) 0.10  30(11.0) 0.150 18 (14.2) 0.04

vessel perforation
or dissection

Numbers in bold are statistically significant

*TVT: intravenous thrombolysis

®MT: mechanical thrombectomy

°NIHSS: National Institute of Health Stroke Scale

@ Springer



Journal of Neurology

Table 2 Logistic regression
analysis with 90-day poor
outcome and death at 90 days as
dependent variables

Variables 90-day mRS 4-6 Death at 90 days

OR (95% CI) P OR (95% CI) P
Age 1.04 (1.02-1.05) <0.001 1.06 (1.04-1.08) <0.001
Sex (F) 1.37 (0.91-2.06) 0.12 1.34 (0.96-2.04) 0.08
History of TIA/stroke 0.23 (0.12-0.74) 0.009 - -
Atrial fibrillation 1.51 (0.10-2.23) 0.05 0.99 (0.69-1.42) 0.95
Arterial hypertension 1.41 (0.92-2.17) 0.11 1.35 (0.89-2.04) 0.15
Heart failure - - 1.65 (0.90-3.02) 0.10
Current tobacco use - - 0.96 (0.57-1.62) 0.89
Site of occlusion (M1) 1.69 (1.13-2.50) 0.01 1.13 (0.78-1.64) 0.45
Baseline NIHSS 1.01 (1.06-1.13) <0.001 1.04 (1.01-1.07) 0.003
Procedural time (min) 1.00 (1.00-1.01) 0.003 1.00 (0.99-1.00) 0.25
Baseline ASPECTS 0.88 (0.77-1.00) 0.06 0.90 (0.80-1.01) 0.09
Intraprocedural vessel perfo-  1.97 (0.98-3.98) 0.05 - -

ration or dissection

Numbers in bold are statistically significant

to SITS-MOST criteria, whereas M1 occlusion (OR: 0.35;
95%CI: 0.18-0.69; p=0.002), bridging therapy (OR: 2.02;
95%CI: 1.07-3.82; p=0.03) and intraprocedural complica-
tions (OR: 5.55; 95%CI: 2.72-11.31; p<0.001) were inde-
pendently associated with sICH per ECASS II criteria. No
significant association was found between the number of
MT attempts and primary or secondary outcomes (Table 4).

Discussion

Several studies have investigated the association between
the number of recanalization attempts during MT and func-
tional outcomes [4, 5], mainly focusing on patients with suc-
cessful recanalization and showing a clear reduction in the
probability of achieving favourable outcome with increasing
number of attempts [5]. Conversely, only few studies have
examined the importance of the number of MT attempts
in patients with unsuccessful recanalization and even less
studies have investigated whether longer procedural times
might be associated with worse outcomes in unsuccessful
MT patients [4, 6]. Whether stopping the procedure after
achieving a suboptimal degree of recanalization is more ben-
eficial than pursuing successful recanalization with multiple
attempts and longer procedural times is a debated question
among stroke physicians.

In our study, age, baseline NIHSS, baseline ASPECTS,
a previous TIA or stroke, proximal occlusion (M1 seg-
ment) of the MCA and procedural time were independently
associated with 90-day outcomes, whereas no associa-
tion was found between the number of MT attempts and
outcomes (Table 2). In our study. only patients with M1
and M2 occlusions and witnessed symptom onset were
included. This might have mitigated potential bias due to

neurointerventionalists experience and skills in treating
more technically complex occlusions (i.e. tandem and T
lesions), allowing a more reliable analysis of variables and
their association with main outcomes.

Independent prognostic factors of END were baseline
NIHSS, general anaesthesia, procedural time and intrap-
rocedural complications, (Table 4) whereas no association
between the number of MT attempts and END was found
despite an association in the univariable analysis (Table 3).

Therefore, our results suggest that procedural times may
be associated with outcomes in patients with unsuccess-
ful recanalization, whereas the number of MT attempts
is not. Importantly, our results remained significant after
adjusting our analysis for the presence of intraprocedural
complications. An explanation for these findings might be
found in the neurotoxicity of contrast agent during the end-
ovascular procedure. Likely, the longer the interventional
procedure lasts the greater is the amount of contrast agent
used. Neurotoxicity of contrast agents has been well inves-
tigated in both non-pathological settings and pathological
conditions where there is blood—brain barrier disruption
such as brain tumors or stroke [11, 12]. However, while
contrast-induced neurotoxicity in normal brain conditions
is quite-well defined [13, 14], contrast-induced neurotoxic-
ity during MT for ischemic stroke is poorly investigated.
Interestingly, one study found a low incidence (1.7%) of
contrast induced neurotoxicity during MT for ischemic
stroke and found renal dysfunction and history of stroke to
be associated with neurotoxicity[12]. In another study low
ASPECTS and the amount of injected contrast agent were
the only independent predictors of sICH which occurred
in 9.3% of the patients [15]. No systematic evaluation of
the amount of contrast agent used during endovascular
procedure has been made in previous endovascular stroke
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Table 3 Clinical and treatment data and comparison of secondary outcome groups

Characteristic Early neurological deterioration P sICH (SITS-MOST) P sICH (ECASSII) P
(N719)
Yes (229) No (490) Yes (40) No (785) Yes (75) No (738)
Age
Mean+SD 73.86+12.2 75.81+11.8 0.04 749+11.0 749+12.5 099 7352+12.6 74.77+12.5 041
Sex
Male 91 (39.7) 186 (38.0) 0.68 23 (57.5) 302 (38.5) 0.02 36 (48.0) 289 (39.2) 0.14
Female 138 (60.3) 304 (62.0) 17 (42.5) 483 (61.5) 39 (52.0) 449 (60.8)
History of TIA/ 11 (5.0) 16 (3.4) 040 1(2.6) 31 (4.1) 1.0 2(2.8) 31 (4.4) 0.76
stroke
Atrial fibrillation 82 (36.9) 186 (39.7) 0.50 17 (43.6) 289 (38.4) 0.50 23 (324) 276 (39.1) 0.30
Diabetes 32 (14.4) 91 (19.4) 0.13 6(154) 134 (17.8) 0.83 10 (14.1) 128 (18.1) 0.51
Hypertension 159 (71.6) 341 (72.7) 0.78 30(76.9) 523 (69.5) 0.37 49 (69.0) 493 (69.8) 0.89
Heart failure 13 (5.9) 37(7.9) 043  4(10.3) 62 (8.2) 0.55 12 (16.9) 52 (7.4) 0.01
Current tobacco 41 (18.5) 70 (14.9) 0.26 5(12.8) 125 (16.6) 0.66 10 (14.1) 119 (16.9) 0.62
use
Hypercholester- 54 (24.3) 111 (23.7) 0.85 9(23.1) 182 (24.2) 1.0 18 (25.4) 170 (24.1) 0.77
olemia
VT +°MT 105 (48.6) 226 (48.0) 0.93 23(63.9) 345 (46.4) 0.04 39(55.7) 331 (47.3) 0.21
Direct MT 111 (51.4) 245 (52.0) 13 (36.1) 399 (53.6) 31 (44.3) 369 (52.7)
Anaesthesia
None 28 (15.0) 92 (24.3) <0.001 5(16.7) 126 (20.6) 0.12 14 (24.6) 115 (19.9) 0.04
Conscious 70 (37.4) 174 (46.0) 9 (30.0) 272 (44.4) 16 (28.1) 259 (44.7)
sedation
General anaes- 89 (47.6) 112 (29.6) 16 (53.3) 215 (35.1) 27 (47.4) 205 (35.4)
thesia
°NIHSS
Admission, 14 (9-18) 17 (12-21) <0.001 18 (13-20) 16 (11-20) 0.12 18 (13-21) 16 (11-20) 0.05
median
(IQR)
24 h, median 20 (16-24) 16 (10-20) <0.001 22 (20-24) 17 (11-21) <0.001 22 (18-24) 17 (11-20) <0.001
(IQR)
Baseline 9 (8-10) 10 (8-10) 043 9 (8-10) 10 (8-10) 0.34  9(8-10) 10 (8-10) 0.10
ASPECTS,
median (IQR)
Site of occlusion
M1 115 (50.2) 293 (59.8) 0.02 18 (45.0) 456 (58.1) 0.14  35(46.7) 431 (58.4) 0.06
M2 114 (49.8) 197 (40.2) 22 (55.0) 329 (41.9) 40 (53.3) 307 (41.6)
Onset-to-groin 260.0 (195- 255.0 (195-329) 0.08 242.5 (200-308) 258.0 (195-340) 042  245.0(199-330) 258.0 (195-340) 0.45
time (min), 363.5)
median (IQR)
Procedural time  91.0 (68-110) 85.0 (60-110) <0.001 93.5(72-143) 85.0 (60-115) 0.04 94.0(73-131) 85.0 (60-115) 0.01
(min)
Number of MT 3.0 (2-5) 3.0 (2-4) 0.006 3.0 (2-5) 3.0 (2-4) 0.89 3.0124 3.0 (2-4) 0.30
attempts (N
402)
0-3MT 71 (55.0) 166 (70.3) 0.004 14 (56.0) 246 (66.3) 0.28 31 (70.5) 227 (65.2) 0.61
attempts
>3 MT attempts 58 (45.0) 60 (29.7) 11 (44.0) 125 (33.7) 13 (29.5) 121 (34.8)
Intraproce- 32 (14.0) 33 (6.7) 0.003 8 (20.0) 69 (8.8) 0.02 23 (30.7) 55 (7.5) <0.001

dural vessel
perforation or
dissection

Numbers in bold are statistically significant

*IVT: intravenous thrombolysis

"MT: mechanical thrombectomy

°NIHSS: National Institute of Health Stroke Scale
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Table 4 Logistic regression analysis with early neurological deterioration, SICH (SIST-MOST) and sICH (ECASSII) as dependent variables

Variables Early neurological deterioration sICH (SITS-MOST) sICH (ECASS 1I)

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Age 0.1 (0.98-1.01) 0.79 1.01 (0.97-1.05) 0.45 1.00 (0.98-1.03) 0.70
Sex (F) 1.02 (0.70-1.51) 091 2.11 (0.90-4.90) 0.08 1.45 (0.77-2.72) 0.25
Heart failure - - 0.38 (0.05-2.98) 0.35 1.78 (0.69—4.54) 0.23
Site of occlusion (M 1segment) 0.83 (0.56-1.23) 0.36 0.40 (0.17-0.96) 0.04 0.35 (0.18-0.69) 0.002
Baseline NIHSS 0.96 (0.93-0.99) 0.008 1.02 (0.96-1.09) 0.48 1.03 (0.98-1.09) 0.16
AVT +°MT - - 2.93 (1.21-7.09) 0.017 2.02 (1.07-3.82) 0.03
Conscious sedation 1.43 (0.84-2.45) 0.18 0.99 (0.27 - 3.63) 0.99 0.51 (0.22-1.22) 0.13
General anaesthesia 2.59 (1.52-4.40) <0.001 2.26 (0.69-7.09) 0.20 0.90 (0.42-1.95) 0.8
Onset-to-groin time (min) 1.00 (0.99-1.00) 0.66 - - - -
Procedural time (min) 1.00 (1.00-1.01) 0.002 1.00 (0.99-1.01) 0.16 1.00 (0.99-1.01) 0.12
Intraprocedural vessel perforation  1.89 (1.02-3.52) 0.04 2.39 (0.86-6.63) 0.09 5.55(2.72-11.31) <0.001

or dissection

Numbers in bold are statistically significant
*IVT: intravenous thrombolysis

"MT: mechanical thrombectomy

trials. Thus, contrast agent induced neurotoxicity after MT
for AIS might be an under recognized condition.

All the above-mentioned studies examined patients with
all degrees of recanalization. Our study included only unsuc-
cessful recanalized patients who, compared to patients who
did achieve recanalization, might have suffered of a reduced
contrast agent wash-out and of a more pronounced neurotox-
icity coupled with enlarging ischemic core due to the failed
recanalization.

Our study has some limitations. First, no comparison
with a control group could be made due to lack of data on
untreated patients in the IRETAS registry, hence no defini-
tive conclusions can be drawn from our results. Second,
despite the importance of collateral circulation as a prog-
nostic factor of outcome, this could not be included in our
analyses because of missing data in more than half of our
patients [16]. Third, no data on the amount of contrast agent
used were available in the IRETAS and thus our hypothesis
of neurotoxicity cannot be tested.

Despite all the above-mentioned limitations, this is one
of the largest cohort of non-recanalized ischemic stroke
patients with proximal MCA occlusion. Our definition of no
recanalization was rigorous (TICI 0-1, with exclusion of 2a)
to avoid a possible confounding effect of IVT which could
contribute in achieving minimal reperfusion [6]. Selection
bias deriving from multivessel occlusion such as tandem
or T lesion was reduced by inclusion of only single vessel
pathology.

In conclusion, our study showed that procedural times are
associated with END and 90-day poor outcome in ischemic
stroke patients with failed MT, regardless of the number
of MT attempts and intraprocedural complications. Careful

consideration of procedural times should be performed when
treating LVOs refractory to recanalization. Further larger
studies systematically evaluating the correlation between
functional outcomes and the amount of contrast agent used
during MT are warranted.
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