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Abstract
Background: Patients with acute ischemic stroke secondary to large vessel occlusions and good collaterals are frequently
associated with favorable outcomes after mechanical thrombectomy, although poor outcomes are observed also in this sub-
group. We aimed to investigate the factors associated with unfavorable outcomes (modified Rankin Scale3–6) in this specific
subgroup of patients.
Methods: In total, 219 patients (117 females) with anterior circulation stroke and good collaterals (American Society for
Interventional and Therapeutic Neuroradiology/Society of Interventional Radiology grades 3–4), treated by mechanical
thrombectomy between 2016 and 2021 at our institution were included in this study. Clinical files and neuroimaging
were retrospectively reviewed. Univariate and multivariate analyses were performed to identify the predictors of unfavorable
outcomes in the overall population (primary endpoint). Secondary endpoints focused on the analysis of the predictors of
unfavorable outcomes in the subgroup of successfully recanalized patients, mortality, and symptomatic intracerebral hem-
orrhages in the overall population.
Results: Poor outcome was observed in 47% of the patients despite the presence of good collaterals. Older age (p < 0.001),
higher baseline National Institute of Health stroke scale (p < 0.001), no intravenous thrombolysis administration (p= 0.004),
> 3 passes (p= 0.01), and secondary transfers (p < 0.001) were associated with the primary endpoint. The multivariate ana-
lysis showed a predictive effect of modified treatment in cerebral infarction 2b-3 and of first pass effect on symptomatic intra-
cerebral hemorrhage.
Conclusions: Despite good collaterals, defined through the American Society for Interventional and Therapeutic
Neuroradiology/Society of Interventional Radiology scale, poor outcomes occurred in almost half of the patients. Patients
with good collaterals not receiving intravenous thrombolysis were significantly associated with unfavorable outcomes,
whereas first pass effect was not significantly correlated with clinical outcome in this specific cohort of patients. Different
methods to assess collaterals should also be investigated.
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Introduction

Good collaterals represent a hemodynamic reservoir for
ischemic areas due to large vessel occlusions (LVOs).
Their role has been widely described in the literature in
terms of association with favorable clinical outcome,1,2

of the modulation between “slow” and “fast progres-
sors”3,4 and of the reduction of the hemorrhagic trans-
formation after mechanical thrombectomy (MT).5

Therefore, patients with good collaterals are considered
the most suitable candidates for MT, although poor clin-
ical outcomes are observed also in patients with a good
collateral profile. The aim of this paper was to analyse
the factors associated with poor clinical outcomes in
patients with a potentially favorable profile based on the
presence of a good collateral circulation.

Materials and methods

Study cohort

All consecutive patients with acute ischemic stroke of the
anterior circulation who underwent MT from January 1,
2016 to December 31st 2021 at our institution were retro-
spectively analyzed from a prospectively collected, web-
based registry (ETIS Registry, NCT03776877).

Variables and definitions

In the present study, the following data were reviewed and
analyzed: age, sex, cardiovascular risk factors, baseline
modified Rankin Scale (mRS), baseline National
Institute of Health stroke scale (NIHSS) score, presence
of hemorrhage or acute FLAIR signal abnormalities
at baseline CT or MRI, CT or DWI-Alberta Stroke
Program Early CT Score (ASPECTS), arterial occlusion
site, patient’s direct admission to our comprehensive
stroke center or to a primary stroke center with secondary
transfer (drip and ship), time metrics [onset-to-groin,
onset-to-recanalization (OTR), groin-to-recanalization
(GTR)], intravenous thrombolysis (IVT) administration,
type of anesthesia, MT technique, number of passes,
first pass effect (FPE) procedural complications, recanali-
zation grade according to the modified treatment in
cerebral infarction (mTICI) scale, 24 h-NIHSS and
ASPECTS, hemorrhagic transformation and symptomatic
intracerebral hemorrhage (sICH) according to the ECASS
definition and 90-days mRS score. Standard recanaliza-
tion grades definitions were used: Partial (mTICI 0-2a),
adequate (mTICI 2b-3) and almost complete/complete
(mTICI 2c-3). Patients at admission were mainly images
by MRI (>90%). Ethical approval was obtained from the
institutional review board.

Inclusion and exclusion criteria

Inclusion criteria were age≥ 18, acute LVO in the anterior
circulation (intracranial internal carotid and M1 or prox-
imal M2 segments of the middle cerebral artery), and

good collateral circulation which was defined as grades
3 and 4 of the American Society for Interventional and
Therapeutic Neuroradiology/Society of Interventional
Radiology (ASITN/SIR) scale.6

Patients with tandem or multiple occlusions, with sig-
nificant pre-stroke disability defined as mRS> 2, and
patients with incomplete and unavailable follow-up data
were excluded.

Collateral circulation assessment

Interventional images were retrospectively reviewed by an
interventional neuroradiologist and an interventional neur-
ologist with ≥5 years of experience in the neurointerven-
tional field. Collateral circulation was assessed in the
pre-thrombectomy angiographic study, with injection
from ipsilateral ICA (for M1 and proximal M2 occlusions)
or contralateral ICA and posterior circulation (for intracra-
nial ICA occlusions). The ASITN/SIR scale was used
for the evaluation. A third neurointerventionalist with
>10 years of experience reviewed all the angiograms
and resolved the disagreements. Kappa inter- and intra-
observer agreement was calculated per grade and per
dichotomization (grades 1–2 vs grades 3–4). Patients
without an adequate pre-thrombectomy angiographic
study to assess collateral circulations were excluded.

Endpoints

The primary endpoint was to investigate the factors asso-
ciated with unfavorable outcomes defined as the lack of
the achievement of functional independence (mRS 3–6)
at 90-days outpatient visit or telephone interview.
Clinical evaluations were performed by certified stroke
neurologists.

Secondary outcomes included the analysis of those
factors associated with: unfavorable outcomes in patients
adequately recanalized (defined as mTICI 2b-3), all-
causes mortality at 90-days and post-procedural sICH in
the overall population.

Supplemental specific analyses, such as the subgroup
of patients recanalized with mTICI 2c-3, were performed
in order to help with the interpretation of the results.

Statistical analysis

Statistical analysis was performed using descriptive evalu-
ation with the median [interquartile] or mean± standard
deviation for continuous variables and frequency and per-
centage for categorical variables. Student’s T-tests or
Wilcoxon tests were performed for continuous variables
depending to the number of patients in groups. For cat-
egorical variables, chi-square test or Fisher’s test were
used when the expected value was less than 5. Those vari-
ables associated with the outcome in univariate analysis
with a significance level below 0.2 were included in a
multivariate logistic regression model, which was adjusted
for confounding factors. The odds ratios between factors
and outcomes of their respective 95% confidence intervals

2 Interventional Neuroradiology



were calculated. Stepwise backward multiple regression
was performed to identify statistically significant predic-
tors. All tests were bilateral with a 5% degree of signifi-
cance. The area under the curve (AUC) was calculated
to assess the statistical validity for each model. Variance
inflation factor (VIF) was calculated to assess multi-
collinearity. Statistical analysis was performed with the
SAS 9.4 software.

Results

We reviewed 1419 patients with acute ischemic stroke due
to LVO in the anterior circulation treated by MT and
219 (females: 53.4%, mean age: 70.6± 16 y.o.) patients
were included in the final population following the inclu-
sion criteria. A flowchart of the study is provided in
Figure 1. Kappa intra- and inter-observer agreement
were 0.61 and 0.69, respectively, per ASITN/SIR grade
and 0.72 and 0.82 per dichotomization (grades 1–2 vs
3–4). An unfavorable outcome was observed in 103
patients (47%). The results of the univariate analysis
related to the primary and secondary endpoints are sum-
marized in Table 1 and Table 2, respectively, whereas
Table 3 reports the multivariate analyses. Supplementary
analyses are reported in Supplemental Tables 1–3. VIF
was 2.5 showing a low level of multicollinearity
between the investigated variables.

Primary endpoint

In our population, a statistically significant correlation
with an unfavorable clinical outcome was observed for

patients with older age (p< 0.001), baseline mRS2 (p <
0.001), higher baseline NIHSS (p< 0.001), longer OTR
(p= 0.03) and GTR (p= 0.004), IVT administration
(p= 0.004), number of passes <3 (p= 0.01), a partial
mTICI score (TICI 0-2a; p= 0.002), a higher
24h-NIHSS and lower 24h-ASPECTS (p< 0.001) and
sICH (p < 0.001). The multivariate analysis (AUC=
0.81) showed an independent correlation between
unfavorable outcomes and older age, higher baseline
NIHSS, no-IVT administration, higher number of passes
and secondary transfers (“drip and ship” model).

Secondary endpoints

Factors associated with unfavorable outcomes in patients
with adequate recanalization are shown in Table 2 and
did not differ from those identified for the primary end-
point at the univariate analysis, except for the OTR and
the procedural time, which were not significantly asso-
ciated as well as the number of passes which were not
retained in the multivariate analysis.

In the sub-analysis performed on all-cause mortality
at 90 days we observed that although older age
(p < 0.001), baseline mRS, baseline and 24h-NIHSS and
24h-ASPECTS (p< 0.001), IVT administration (p= 0.02)
and adequate recanalization (p= 0.01) were significantly
correlated, only baseline mRS and NIHSS and the final
mTICI 2b-3 resulted independent predictors at the adjusted
multivariate analysis (Table 3).

Furthermore, sICH were significantly correlated to
baseline ASPECTS, longer procedures, FPE, a higher
number of maneuvers, recanalization failures, and

Figure 1. Flowchart of the study.
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24h-NIHSS, whereas only age, baseline ASPECTS and
FPE proved a statistical correlation at the multivariate
analysis.

Discussion

Patients with good collaterals could be described as the
best candidates for MT. However, a non-negligible part
of patients treated by MT does not reach functional inde-
pendence after the endovascular treatment,7 although
patients with unfavorable outcomes show more frequently
a poor collateral profile.8 In our cohort, age (OR: 1.05,
IC95%[1.02–1.09], p= 0.001) and higher 24-h NIHSS
(OR: 1.23, IC95%[1.14–1.32], p< 0.001) were some of
the main predictors of poor clinical outcome (Table 1),

which is in line with previously published papers.9

However, some Authors argued that age could have a dif-
ferent behavior which would be in favor of a preserved
collateral status.10 The mean age of this cohort was 70.6
± 16 y.o., which could be considered slightly higher
than in other acute stroke cohorts. We aimed to analyze
the impact of other factors that could explain the unfavor-
able clinical results in this specific subgroup of patients
with good collaterals.

Collaterals and recanalization

The adequate recanalization of the occluded artery is
widely known as an independent predictor of favorable
clinical outcome, although about half of the patients

Table 1. Overall study population data and univariate analysis (primary endpoint).

Overall (N= 219) Favorable outcome (N= 116) Unfavorable outcome (N= 103) p

Females, N(%) 117 (53.4) 56 (48) 46 (45) 0.59
Age, mean± SD 70.6± 16 65.3± 16.9 76.6± 12.9 <0.001
Baseline mRS, N(%)
0 181 (82) 105 (91) 76 (74) <0.001
1 23 (10) 11 (9) 12 (12)
2 15 (7) 0 15 (14)
Baseline NIHSS, median (IQR) 15 (9–19.25) 12 (7–17) 18 (14–21) <0.001
Occlusion site, N(%)
ICA terminus 14 (6) 6 (5) 8 (8) 0.21
M1-MCA 165 (74) 83 (72) 82 (79)
Proximal M2 40 (18) 27 (23) 13 (13)
Side, N(%)
Left 115 (53) 62 (53) 53 (51) 0.76
Right 104 (47) 54 (47) 50 (50)
Baseline ASPECTS, median (IQR) 8 (7–9) 8 (7–9) 8 (7–9) 0.1
Secondary transfer, N(%) 132 (60) 63 (54) 69 (67) 0.06
Onset-to-groin, mean± SD 230.12± 113.09 225.5± 82.8 239.7± 87.1 0.22
Onset-to-recanalization, mean± SD 288.3± 117.3 270.4± 93 299.4± 96 0.03
Groin-to-recanalization, mean± SD 53.8± 41.1 46.3± 32.7 63.1± 47.6 0.004
IVT, N(%) 116 (53) 72 (62) 44 (43) 0.004
Anesthesia protocol, N(%)
General anesthesia 38 (17) 16 (14) 22 (21) 0.12
Conscious sedation 157 (72) 90 (78) 67 (65)
Local anesthesia 24 (11) 10 (9) 14 (14)
BGC used, N(%) 61 (28) 38 (33) 23 (22) 0.09
First-line strategy, N(%)
Aspiration 137 (63) 69 (59) 68 (66) 0.08
Stent retriever/combined 82 (37) 47 (41) 35 (34)
First pass effect 89 (41) 50 (43) 39 (38) 0.43
No of passes, mean± SD 2.3± 2 2± 1.3 2.7± 2.5 0.01
mTICI, N(%)
2b-3 194 (89) 109 (94) 85 (82) 0.002
2c-3 153 (70) 89 (77) 64 (62)
Complications, N(%) 26 (12) 15 (13) 11 (11) 0.63
24h-NIHSS, median (IQR) 8 (3–17) 4 (2–8) 16.5 (11–20.75) <0.001
24h-ASPECTS, median (IQR) 7 (6–8) 7 (5–8) 6 (3–8) <0.001
PH1/PH2 30 (13.6) 10 (8.6) 20 (20) 0.02
sICH, N(%) 13 (6) 0 13 (13) <0.001
Recurrent stroke, N(%) 11 (5) 3 (3) 8 (8) 0.09

BGC: balloon guiding catheter; ICA: internal carotid artery; IQR: interquartile range; IVT: intravenous thrombolysis; MCA: middle cerebral artery; mRS: modified
Rankin Scale; SD: standard deviation; sICH: symptomatic intracerebral hemorrhage; PH1/PH2: parenchymal hemorrhage type 1 and 2 according to the
ECASS-III classification; ASPECTS: DWI-Alberta Stroke Program Early CT Score; mTICI: modified treatment in cerebral infarction.
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with adequate-to-complete recanalization do not achieve
functional independence.11 Our results showed that an
adequate recanalization grade remains a strong predictor
of favorable clinical outcomes in patients with good col-
laterals. The interaction between the recanalization grade
and collaterals had already been investigated previously
showing that collaterals enhance the effect of the recana-
lization, improving the clinical outcomes of recanalized
patients.12

When we compared patients with favorable clinical
outcomes and those with unfavorable ones, the rates of
mTICI 2b-3 were high in both subgroups but significantly
lower in the subgroup of patients with an unfavorable
outcome (82% vs 95%, p= 0.002; Table 1) independently
from the endovascular technique used. Interestingly,
neither the FPE nor the mTICI grade resulted as independ-
ent predictor of favorable outcome or a protective factor
for mortality at the multivariate analysis (Table 3),
however, that could be explained by the selected popula-
tion and the high recanalization rates in both subgroups.

Thus, we observed similar results when we considered
patients with mTICI 2c-3 grades (Supplemental
Table 1). These results are in line with the physiopatholo-
gical concept that collaterals supply the microcirculation
in the ischemic territory during the arterial occlusion,13

maintaining a sort of “hemodynamic reserve.”14
Other possible explanations of the effectiveness of the

association between collaterals and recanalization could
be related to the mitigation of the ischemic vascular
injury the better exposition to thrombolytics agents15 or
to the higher chance of dislodgment of the clot.12,16

Nevertheless, complete recanalizations may have a favor-
able impact on the collateral circulation itself, allowing the
removal of the thrombotic material in the pial arterioles
and in the capillary bed providing a proper supply of the
microcirculation.17

Furthermore, we did not observe any differences con-
cerning the type of anesthesia or the use of a balloon
guide catheter (BGC) whereas the potential detrimental
effect of general anesthesia was described in patients

Table 3. Multivariate analysis for primary and secondary endpoints.

P value OR [IC 95%]

Primary endpoint—Unfavorable outcome in overall population
Age 0.001 1,06 [1.03–1.09]
Baseline NIHSS <0.001 1.15 [1.08–1.22]
Secondary transfers 0.005 2.91 [1.39–6.04]
IVT 0.019 0.42 [0.20–0.87]
Number of passes 0.021 1.29 [1.04–1.61]

Adjusted for: Age, side, baseline ASPECTS, baseline mRS, baseline NIHSS, occlusion site, anesthesia protocol, OTR, procedure time
(Groin-to-recanalization), IV thrombolysis, final mTICI, number of passes, complications, secondary transfers, use of BGC.

Secondary endpoints
Unfavorable outcome in adequately recanalised patients (mTICI 2b-3)

Age 0.002 1.05 [1.03–1.08]
Baseline NIHSS <0.001 1.15 [1.07–1.22]
Secondary transfers 0.005 2.95 [1.38–6.33]
IVT 0.022 0.41 [0.19–0.88]

Adjusted for: Age, side, baseline ASPECTS, baseline mRS, baseline NIHSS, occlusion site, OTR, procedure time (groin-to-recanalization), IV
thrombolysis, final mTICI, number of passes, complications, secondary transfers, use of BGC

Mortality
Baseline mRS 0.003
1 vs 0 0.534 1.57 [0.38–6.47]
2 vs 0 <0.001 10.67 [2.78–41.02]
Baseline NIHSS 0.003 1.17 [1.05–1.27]
Final mTICI 2b-3 0.012 0.18 [0.05–0.69]

Adjusted for: Age, side, baseline ASPECTS, baseline mRS, baseline NIHSS, occlusion site, anesthesia protocol, OTR, procedure time
(groin-to-recanalization), IV thrombolysis, final mTICI, number of passes, complications, secondary transfers, use of BGC

sICH
Age 0.039 1.08 [1.07–1.29]
Baseline ASPECTS 0.005 0.53 [3.87–106.34]
First pass effect 0.033 0.10 [0.01–0.83]

Adjusted for: Age, side, baseline ASPECTS, baseline mRS, baseline NIHSS, occlusion site, anesthesia protocol, OTR, procedure time
(groin-to-recanalization), IV thrombolysis, final mTICI, first pass effect, number of passes, complications, secondary transfers, use of BGC

Only variables with significant differences are shown. IVT: intravenous thrombolysis; sICH: symptomatic hemorrhage; ECASS-PH1/PH2: European Cooperative
Stroke Study/Parenchymal Hemorrhage type 1 and type 2; NIHSS: National Institute of Health stroke scale; mRS: modified Rankin Scale; ASPECTS: DWI-Alberta
Stroke Program Early CT Score; OTR: onset-to-recanalization; mTICI: modified treatment in cerebral infarction; BGC: balloon guide catheter.
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with poor or intermediate collaterals18 and the BGC had
previously been correlated with improved outcomes19

unless a combined technique (stent retriever+ aspiration)
was used as a first-line strategy.20 Moreover, intraproce-
dural complications were not associated with worse clin-
ical outcomes since these were neither frequent nor
clinically relevant in most of the cases. Indeed, mechan-
ical vasospasm represented more than half of the reported
complications without clinical consequences.

Collaterals and time

In our cohort, patients with unfavorable clinical outcomes
were recanalized later with almost a 30-min difference in
terms of onset-to-reperfusion (299.4 vs 270.4 min, p=
0.03; Table 1). Secondary transfers resulted, significantly
associated with unfavorable outcomes (OR: 2.91,
IC95%[1.39–6.04], p= 0.002), at the multivariate analysis
whereas no differences were shown in terms of OTG. The
most significant difference was observed in terms of pro-
cedure time, which was longer in patients with unfavor-
able outcomes (63.1 vs 46.3 min, p= 0.004), although
no differences were shown in terms of first-line endovas-
cular technique or occlusion site. This datum could be
explained by the higher number of passes performed in
patients with poor clinical outcomes (2.7 vs 2, p= 0.01,
Table 1) or sICH (3.5 vs 2.3 min, p= 0.01, Table 1),
which is in line with previously reported series.21 These
results could suggest that despite good collaterals, a fast
and complete recanalization must remain the goal of
MT. Therefore, good collaterals should not be considered
as a “time machine” that would provide a certain tolerance
for long procedures.

The effect of the collateral circulation to maintain cere-
bral perfusion during ischemia also in late temporal
windows has already been described22 as well as its role
of modulator of the progression of the ischemia.23

Moreover, in our population we did not observe any sig-
nificant difference in terms of clinical outcome between
patients treated before and beyond 6 h (mRS0-2: 56% vs
44%, p= 0.19, Supplemental Table 2) although higher
recanalization grades were obtained before 6 h, which
supports the hypothesis of a neuroprotective effect of
good collaterals on the brain tissue in both early and late
windows.

Collaterals and thrombolysis

The role of IVT on collateral circulation remains still
debated. Some Authors did not find any correlation
between IVT and collaterals24 while other papers
had underlined the role of both fibrin25 and plate-
lets26,27 in the development of the in situ thrombotic
phenomena that can occur within the collateral
vessels, particularly in the venous side.17 IVT
(mainly Alteplase according to the inclusion period)
was significantly associated with favorable clinical
outcomes with a protective effect observed at the
multivariate analysis (OR:0.42, IC95%[0.20–0.87],

p= 0.019). There is currently no evidence that IV
thrombolysis may have an effect on collateral circula-
tion, and these results could be explained by the sig-
nificantly higher rate of patients with mTICI 2b-3
among those who received IV thrombolysis prior to
MT (Supplemental Table 3). The SWIFT DIRECT
Trial28 has recently shown that the association IVT+
MT provided better clinical outcomes compared to
MT alone. However, in our cohort secondary transfers
were significantly associated with unfavorable out-
comes and it could be hypothesized that the transfer
delays may be due to the IVT administration.
Nevertheless, only 60% of the patients secondarily
transferred to our institution had received IV thromb-
olysis at the Primary Stroke Centers (unpublished
data).

Collaterals and hemorrhagic transformation

The rate of sICH was low (5.9%, 13/219) as one could
expect in a selected population with good collateral
scores. Indeed, poor collaterals are frequently asso-
ciated with higher hemorrhagic rates after endovascular
treatment.5,29 In this cohort, older age (OR: 1.08
IC95%[1.07–1.29], p= 0.039) and lower baseline
ASPECTS were independent predictors of sICH,
whereas partial or unsuccessful recanalizations
(mTICI 0-2a) and longer procedures were associated
with a higher rate of sICH only at the univariate ana-
lysis. Furthermore, FPE had a protective effect on
sICH at the multivariate analysis (OR:0.1
IC95%[0.01–0.83], p= 0.033). These results are in
line with previously published papers30,31 which high-
lighted a sort of protective effect of collaterals to slow-
down the extension of the ischemia and of FPE in
preventing sICH.

Limitations

The retrospective nature of the analysis represents the
main limitation of this study. However, we acknowledge
also the fact that since the collateral circulation was
assessed using the ASINT/SIR6 scale and that the inter-
and intra-observer agreement for this score could be
quite poor,8 although in this cohort we considered a
dichotomous parameter since we included only patients
with ASITN/SIR grades 3 and 4 and an excellent inter-
observer agreement was recorded.

Furthermore, although the predictors of unfavorable
outcome did not differ from those observed in overall
stroke populations and already described in literature,
this study represents, to the best of our knowledge, the
first analysis specifically focused on this subgroup of
patients, providing findings that could be potentially
hypothesis generating. Indeed, these results could be con-
ditioned by the limited value of the ASITN/SIR in asses-
sing the effectiveness of the collateral circulation despite
its extension.32
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Conclusions

Unfavorable clinical outcomes were observed in 47% of
patients following MT despite good collaterals according
to the ASITN/SIR classification. Although a good collat-
eral circulation could allow to achieve functional inde-
pendence, also in patients treated in late temporal
windows, partial recanalizations and secondary transfers
were associated with poor outcomes. FPE was signifi-
cantly correlated with mortality but not with functional
independence, therefore a complete and fast recanalization
remains the goal also in thus subgroup of patients. IVT
increases the chance to achieve a good clinical outcome
in patients with good collaterals without increasing
the risk of hemorrhagic transformation. Furthermore, a
thoughtful reflection on the angiographic tools and scales
to assess collaterals should be encouraged.
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