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Abstract
Purpose  Thrombolysis in Cerebral Infarction (TICI) 3 represents the optimal angiographic outcome following mechanical 
thrombectomy (MT) for acute ischemic stroke (AIS). Although it is known to yield better outcomes than TICI 2b, the 
influence of preprocedural cerebral hemodynamics on the clinical advantage of TICI 3 over TICI 2b remains unexplored.
Methods  This single-center retrospective analysis involved patients with anterior circulation AIS who underwent successful 
recanalization during MT at the Comprehensive Stroke Center, University Hospital, Krakow between January 2019 and July 
2023. We assessed the benefit of achieving TICI 2c/3 over TICI 2b on the basis of preprocedural computed perfusion imaging 
results, primarily focusing on early infarct volume (EIV) and tissue-level collaterals indicated by hypoperfusion intensity 
ratio (HIR). Good functional outcome (GFO) was defined as a modified Rankin Score < 3 on day 90.
Results  The study comprised 612 patients, of whom 467 (76.3%) achieved TICI 2c/3. GFO was more frequent in the TICI 
2c/3 group (54.5% vs 69.4%, p < 0.001). There was interaction between the recanalization status and both HIR (Pi = 0.042) 
and EIV (Pi = 0.012) in predicting GFO, with disproportionately higher impact of HIR and EIV in TICI 2b group. The benefit 
from TICI 2c/3 over TICI 2b was insignificant among patients with good collaterals, defined by HIR < 0.3 (odds ratio:1.36 
[0.58–3.18], p = 0.483).
Conclusion  TICI 2c/3 improves patient functional outcomes compared to TICI 2b regardless of EIV. However, such 
angiographic improvement may be clinically futile in patients with good tissue-level collateralization. Our findings suggest 
that preprocedural HIR should be considered when optimization of recanalization is considered during MT.

Keywords  Mechanical thrombectomy · Tissue-level collateralization · Recanalization · Hypoperfusion intensity ratio · 
Ischemic stroke outcome

Introduction

Angiographic recanalization, defined as achieving a 
reperfusion score of 2b or higher on the Thrombolysis in 
Cerebral Infarction (TICI) scale, has long served as a critical 
prognostic indicator in patients undergoing mechanical 
thrombectomy (MT) for acute ischemic stroke (AIS). 
However, recent studies have demonstrated the limitations 
of this distinction, with near-complete (99%, TICI 2c) or 
complete (100%, TICI 3) recanalization associated with 
significantly improved functional outcomes compared with 
incomplete (TICI 2b) recanalization. This improvement 
translates to a net benefit of 15–20% in functional 
independence rates [1, 2]. Nevertheless, despite current 
ESO-ESMINT guidelines recommending the pursuit of TICI 
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3 angiographic scores during MT procedures [3], real-world 
data indicate that approximately 40% of procedures result in 
incomplete recanalization [4].

The functional benefits derived from optimizing 
recanalization from TICI 2b to TICI 2c/3 may be constrained 
by procedural prolongation and delayed reperfusion [5]. 
As more advanced procedural techniques emerge, such as 
intraarterial thrombolysis and microcatherers, enabling 
enhanced recanalization from TICI 2b to TICI 2c/3, 
neuroradiologists confront the clinical dilemma of whether 
to pursue complete recanalization despite potential trade-
offs, such as increased thrombectomy device maneuvers 
and procedural time, or to terminate the procedure upon 
achieving incomplete angiographic results without 
prolonging it further [6]. While the quality of patient 
collateral circulation has been proposed as a modifying 
factor [5], it remains uncertain whether robust collateral 
circulation preserves the benefits of transitioning from 
TICI 2b to TICI 3 by maintaining cerebral tissue viability, 
or if it merely prevents tissue infarction, rendering such 
improvement futile.

Recent studies have established computed tomography 
perfusion-derived hypoperfusion intensity ratio (HIR) as 
an effective determinant of tissue-level collaterals, demon-
strating good correlation with manual assessments of lep-
tomeningeal collaterals and, in some instances, surpassing 
them [7–9]. Thus, we hypothesized that the degree of func-
tional improvement resulting from higher recanalization 
scores depends on the quality of cerebral tissue-level col-
lateralization. In addition, we sought to determine whether 
improvements in angiographic outcome lead to improved 
functional outcomes even in cohorts with significant base-
line infarct core.

Materials and methods

Study population

We conducted a single-center, retrospective analysis of data 
collected prospectively from patients with AIS admitted 
to the Comprehensive Stroke Center, University Hospital, 
Krakow from January 2019 to July 2023. We included 
patients who met the following criteria: (1) age ≥ 18 years; 
(2) diagnosis of AIS consistent with the AHA/ASA definition 
[10]; (3) large vessel occlusion of the internal carotid artery, 
M1 or M2 segment of the middle cerebral artery, or tandem 
occlusion diagnosed with the use of computed tomography 
angiography or magnetic resonance angiography; (4) MT 
performed within 6 h from symptom onset, or between 
6 and 24 h from time last known well according to ESO-
ESMINT guidelines on MT in AIS [3]; (5) achieved 
successful recanalization during MT, denoted by TICI 

score 2b or higher. We excluded patients in whom perfusion 
imaging was not performed or non-diagnostic (mainly due 
to motion artifacts) or patients who lacked 90-day follow-up. 
We additionally excluded patients presenting < 90  min 
from last known well, because they can present significant 
overestimation of early infarct volume [11].

All patients were treated according to the selection and 
eligibility criteria of the current European Stroke Organi-
zation (ESO) guidelines on intravenous thrombolysis and 
mechanical thrombectomy in acute ischemic stroke [12]. All 
procedures were performed in accordance with the Declara-
tion of Helsinki [13].

Data collection

The following data were collected from all patients: age 
and sex, time last known well before stroke, chronic 
antiplatelet or anticoagulant use, risk factors for stroke: 
hypertension, diabetes mellitus, atrial fibrillation, smoking 
status (smokers were those who were either smoking 
while they were recruited into the study or smoked in the 
past), history of stroke or transient ischemic attack, and 
hyperlipidemia. The National Institutes of Health Stroke 
Scale (NIHSS) scale on admission was used to assess 
stroke severity. Stroke etiology was classified according 
to the Trial of ORG 10,172 in Acute Stroke Treatment 
(TOAST) criteria [14]. Medical complications that 
occurred after mechanical thrombectomy were diagnosed 
as described elsewhere [15].

Patients with AIS qualified for MT underwent the 
following protocol of imaging studies: noncontrast 
computed tomography (Alberta Stroke Programme 
Early CT Score—ASPECT), computed tomography 
angiography, and computed tomography perfusion with 
post-processing analysis using RAPID (iSchemaView, 
Menlo Park, CA) software. The following perfusion 
parameters were recorded: volume of cerebral blood flow 
(CBF) less than 30% (early infarct volume), time to peak 
concentration-more-than-6-s volume (T6max), T10max, and 
volume of T6max minus CBF < 30% (penumbra). Tissue-
level collaterals quality was determined by hypoperfusion 
intensity ratio (defined as ratio of T10max/T6max), with 
higher HIR denoting more severe delay in the contrast 
bolus arrival time and thus signifying worsening collaterals 
quality. Good tissue-level collateralization was defined as 
HIR < 0.3 [16, 17].

For each patient, we calculated the time from last known 
well to imaging and groin puncture. MT was performed 
either via thromboaspiration, stent-retriever or combined 
approach. Follow-up noncontrast computed tomography was 
performed 24 h after mechanical thrombectomy (Siemens 
Somatom Definition Edge 64-detector scanner, Siemens 
Healthineers, Forchheim, Germany).
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Immediate recanalization was graded according to the 
extended TICI (eTICI) criteria: grade 0 —no perfusion 
noted (0% reperfusion); grade 1 — reduction in thrombus 
but without any resultant filling of distal arterial branches; 
grade 2a — reperfusion of 1–49% of the territory; 2b 
— partial perfusion, 50–89%; grade 2c — extensive 
reperfusion of 90–99% of the territory; grade 3 — complete 
or full reperfusion (100% reperfusion).

The following parameters related to mechanical 
thrombectomy were recorded: site of the occlusion, presence 
of any intracerebral hemorrhage on noncontrast computed 
tomography performed 24 h after mechanical thrombectomy, 
presence of symptomatic intracerebral hemorrhage (sICH) 
defined according to ECASS 2 criteria [18], and successful 
recanalization after mechanical thrombectomy defined as an 
eTICI score of 2b or 3.

Disability 90 days after the onset of ischemic stroke was 
assessed using the modified Rankin Scale (mRS) during 
scheduled visits in an outpatient clinic or through telephone 
interviews with patients or their family members/caregivers. 
A good functional outcome was defined as mRS score < 3 
on day 90.

Statistical analysis

Categorical variables were presented as counts and 
percentages, while continuous variables were described 
using the median and interquartile range (IQR) because 
of the lack of normal distribution, as indicated by the 
Kolmogorov–Smirnov test. The significance of differences 
between groups was assessed using the χ2 test for categorical 
variables and the Mann–Whitney U-test for continuous 
variables. Initially, univariate analysis was conducted to 
explore differences in baseline characteristics between 
patients with TICI 2b and TICI 2c/3 recanalization scores. 
Subsequently, multivariate analysis was performed to 
evaluate the predictive performance of the CTP-derived 
parameters for the 90-day good functional outcome. 
Additionally, to assess potential interactions between 
recanalization status and perfusion deficits, an interaction 
term (recanalization score*perfusion parameter) was 
introduced into each model, and the corresponding P-value 
for interaction was reported. These models were adjusted 
for important confounders, including patient age, history of 
previous stroke/transient ischemic attack, baseline NIHSS 
score, thrombolytic treatment, stroke etiology, serum 
glucose level, first pass effect, presence of hemorrhagic 
transformation, and occurrence of stroke-related pneumonia 
and urinary tract infection.

In the final stage, we stratified our population into two 
subgroups based on the presence of good collateral status 
(HIR < 0.3), and multivariate analyses were conducted once 

more to determine the significance of recanalization status 
in predicting a good functional outcome at 90 days. These 
models were adjusted for the confounding variables previ-
ously mentioned.

For each variable we report the odds ratio (OR) and 95% 
confidence intervals (CI). A two-sided p-value of less than 
0.05 was considered significant. All analyses were per-
formed using IBM SPSS 9 (Chicago, IL) and STATA SE 18 
(StataCorp LLC, TX).

Results

In total, 612 patients were enrolled, with 467 (76.31%) 
attaining a TICI score of 2c/3. The study flowchart 
is presented in Fig.  1. Generally, patients achieving 
a final score of TICI 2b did not differ significantly in 
baseline characteristics and complications compared 
to those achieving TICI 2c/3. Regarding the procedure, 
patients with TICI 2b had more frequent combined 
(thromboaspiration + stent-retriever) approach; however, 
they experienced a less frequent occurrence of the first pass 
effect during MT and a good functional outcome at 90 days. 
Detailed characteristics are outlined in Table 1.

Impact of CTP parameters on the 90‑day outcome 
according to angiographic recanalization status

Multivariate analysis revealed the independent predictive 
significance of both total hypoperfusion and early infarct 
volume on the achievement of a good functional outcome at 
90 days. In addition, a significant interaction was observed 
between binary recanalization status (TICI 2b vs TICI 2c/3) 
and both HIR (P for interaction = 0.042) and early infarct 
volume (P for interaction = 0.012) (Table 2). In the TICI 
2b group, each 0.1 increment in HIR resulted in a 0.76 
decrease in the odds of achieving a good outcome (95% 
CI: 0.61–0.94, p = 0.011), whereas in the TICI 2c/3 group, 
such a decrease was not significant (OR: 0.97, 95% CI: 
0.87–1.1, p = 0.670). Similarly, for each 10 ml increase in 
early infarct volume, the odds of achieving a good outcome 
decreased disproportionately in the TICI 2b group (OR: 
0.76, 95% CI: 0.64–0.91, p = 0.002) compared with the 
TICI 2c/3 group (OR: 0.97, 95% CI: 0.9–1.06, p = 0.551). 
The enhanced rates of good functional outcome associated 
with a TICI 2c/3 recanalization score were evident only 
after a transition to a higher HIR. This relationship was 
not observed in the case of early infarct volume, where 
the benefit of TICI 2c/3 was consistent across all ranges of 
infarct volume (Fig. 2).
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Fig. 1   Study flowchart. 
Abbreviations: ACA – anterior 
cerebral artery; CAE – external 
carotid artery; CTP – computed 
tomography perfusion; ICA 
– internal carotid artery; M1, 
M2, M3 – segments of middle 
cerebral artery

Patients treated with

mechanical

thrombectomy for an

acute ischemic stroke

(N=1129)

Occlusion in posterior

circulation

(N=134)

Occlusion in CAE/ACA

(N=16)

Occlusion in M3

(N=17)

Patients with

occlusion either in

ICA/M1/M2

(N=962)

Patients with reliable

CTP

(N=871)

Undiagnostic CTP

(N=24)

Lack of CTP

(N=67)

Lack of 90-day follow  up

(N=62)

Spontaneous

recanalization

(N=15)

Patients with

complete data

(N=794)

Unsuccessful

recanalization (TICI 0-2a)

(N=99)

Patients with

successful

recanalization

(N=695)

Patients presenting <90

minutes from last known

well

(N=83)

Patients included

(N=612)



2027Neuroradiology (2024) 66:2023–2031	

Table 1   Comparison of baseline characteristics between patients with acute ischemic stroke who achieved recanalization graded as TICI 2b or 
TICI 2c/3

Abbreviations: ASPECTs—Alberta Stroke Programme Early CT score; CBF – cerebral blood flow; HIR – hypoperfusion intensity ratio; ICA 
– internal carotid artery; IQR – interquartile range; M1, M2 – segments of the middle cerebral artery; mRS – modified Rankin scale; NIHSS – 
National Institutes of Health Stroke Scale; TIA – transient ischemic attack; TICI – Thrombolysis in Cerebral Infarction

Patients with TICI 2b 
(N = 145)

Patients with TICI 2c/3 
(N = 467)

P-value

Demographics
  Age [years], median (IQR) 70 (60–80) 73 (65–81) 0.171

Stroke risk factors
  Hypertension, n (%) 97 (66.6) 345 (73.9) 0.101
  Diabetes mellitus, n (%) 35 (24.1) 107 (22.9) 0.76
  Hyperlipidemia, n (%) 33 (22.8) 93 (19.9) 0.459
  Atrial fibrillation, n (%) 38 (26.2) 159 (34) 0.078
  History of stroke/TIA, n (%) 16 (11) 64 (13.7) 0.405
  History of myocardial infarction, n (%) 5 (20) 48 (32.9) 0.198
  Smoking, n (%) 20 (13.8) 105 (22.5) 0.075

Clinical characteristics
  Baseline NIHSS score, median (IQR) 16 (12–19) 16 (10–19) 0.311
  Time from last known well to puncture [minutes], median (IQR) 310 (255–390) 306 (240–383) 0.482
  Intravenous thrombolysis, n (%) 80 (55.2) 248 (53.1) 0.663
  Serum glucose concentration [mmol/L], median (IQR) 6.3 (5.4–7.8) 6.2 (5.1–7.7) 0.218

Procedural characteristics
  First pass effect, n (%) 66 (45.5) 268 (57.4) 0.012

Type of device used  < 0.001
  Stent retiever, n (%) 14 (9.7) 15 (3.2)
  Thromboaspiration, n (%) 54 (37.2) 250 (53.5)
  Combined, n (%) 77 (53.1) 202 (43.3)

Occluded artery 0.183
  ICA, n (%) 21 (14.5) 66 (14.1)
  M1, n (%) 78 (53.8) 281 (60.2)
  M2, n (%) 29 (20) 90 (19.3)
  Tandem occlusion, n (%) 17 (11.7) 30 (6.4)

Stroke etiology 0.279
  Cardioembolic, n (%) 54 (37.2) 215 (46)
  Large vessel disease, n (%) 26 (17.9) 74 (15.8)
  Undetermined, n (%) 58 (40) 163 (34.9)
  Rare, n (%) 7 (4.8) 15 (3.2)

Neuroimaging-related variables
  Baseline ASPECTs, median (IQR) 8 (6–9] 8 (7–9) 0.069
  Penumbra volume [mL], median (IQR) 39 (55–122) 36 (53–126) 0.287
  Infarct volume (CBF < 30%) [mL], median (IQR) 9 (0–35) 8 (0–26) 0.667
  HIR, median (IQR) 0.36 (0.19–0.52) 0.33 (0.17–0.5) 0.323

Stroke-related complications
  Pneumonia, n (%) 35 (24.1) 92 (19.7) 0.25
  Urinary tract infection, n (%) 29 (20) 68 (14.6) 0.117
  Recurrent stroke, n (%) 21 (52.5) 60 (41.7) 0.222
  Hemorrhagic transformation, n (%) 43 (29.7) 110 (23.6) 0.138
  Symptomatic hemorrhagic transformation, n (%) 12 (8.3) 27 (5.8) 0.283

Outcomes
  90-day good functional outcome (mRS < 3), n (%) 79 (54.5) 324 (69.4)  < 0.001
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Subanalysis of patients benefiting from TICI 2c/3 
in subgroups dichotomized according to HIR

When tissue-level collateralization was categorized as 
good (HIR < 0.3) and poor (HIR ≥ 0.3), adjusted analysis 

demonstrated that there is no benefit of TICI 2c/3 over TICI 
2b in patients with good collaterals (OR: 1.357, 95% CI: 
0.58–3.18, p = 0.483). However, a significant benefit was 
observed in the group with poor collaterals (OR: 2.8, 95% 
CI: 1.49–5.29, p = 0.001) (Fig. 3).

Table 2   The impact of 
perfusion parameters on the 
odds ratio of a 90-day good 
functional outcome and their 
interaction with recanalization 
score

* Models are adjusted for age, previous stroke/transient ischemic attack, baseline National Institutes of 
Health Stroke Scale score, intravenous thrombolysis, serum glucose level, first pass effect, hemorrhagic 
transformation, stroke-related pneumonia, urinary tract infection, and stroke etiology

Odds ratio (adjusted 95% 
confidence interval)

Adjusted* 
p-value

P-value for 
interaction

Hypoperfusion intensity ratio (per 0.1) 0.92 (0.83–1.02) 0.097 0.042
Penumbra volume (per 10 mL) 0.98 (0.94–1.01) 0.188 0.974
Early infarct volume (per 10 mL) 0.92 (0.86–0.997) 0.038 0.012
Hypoperfused tissue (per 10 mL) 0.97 (0.94–0.997) 0.033 0.234

Fig. 2   Impact of early infarct volume on 90-day good functional 
outcome according to recanalization status (logistic regression mod-
els). HIR – hypoperfusion intensity ratio; CBF – cerebral blood flow. 
Model A: Association between HIR and good outcome according to 
patient recanalization score. Model B: Association of early infarct 
volume (CBF < 30%) and good outcome according to patient recanal-

ization score. Models are adjusted for age, previous stroke/transient 
ischemic attack, baseline National Institutes of Health Stroke Scale 
score, intravenous thrombolysis, serum glucose level, first pass effect, 
hemorrhagic transformation, stroke-related pneumonia, urinary tract 
infection, and stroke etiology

Fig. 3   Comparison of benefit from TICI2c/3 over TICI 2b between 
patients with good (hypoperfusion intensity ratio [HIR] < 0.3) versus 
poor (HIR ≥ 0.3) collateral circulation. Models are adjusted for age, 
previous stroke/transient ischemic attack, baseline National Insti-

tutes of Health Stroke Scale score, intravenous thrombolysis, serum 
glucose level, first pass effect, hemorrhagic transformation, stroke-
related pneumonia, urinary tract infection, and stroke etiology
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Discussion

Analysis of our substantial single-center cohort of patients 
who underwent CTP imaging revealed three key findings. 
First, patients with successful yet incomplete angiographic 
recanalization experience a disproportionately negative impact 
from higher HIR, indicating deteriorating tissue-level collateral 
quality, and from increasing early infarct volume compared 
with those completely recanalized. Second, the benefit from 
complete recanalization diminishes to insignificance in patients 
with good collateral circulation. Finally, the benefit derived 
from complete recanalization becomes even more pronounced 
with an increase in the early infarct volume.

As anticipated, in patients with a reperfusion score of 
TICI 2b, lower HIR was independently associated with 
significantly improved functional outcomes at 90 days, 
although such an effect was not observed in the TICI 2c/3 
group. Our findings underscore the intricate relationship 
between cerebral tissue-level collaterals and hemodynamics 
with the final angiographic outcome. In cases where 
collaterals are compromised, the prognosis of patients with 
incomplete recanalization deteriorates markedly, as the 
restoration of blood flow is incomplete, leading to eventual 
infarction of tissue reliant on insufficient supply from 
poorly developed collaterals. Conversely, well-functioning 
collaterals can sustain ischemic tissue, thereby diminishing 
the benefits of TICI 3 reperfusion [5]. This observed 
disparity offers new insights into the interpretation of 
tissue-level collaterals indicated by HIR in the context of the 
extent of patient revascularization and should be considered 
in future trials focusing on cerebral collateralization in 
endovascularly treated patients.

The findings presented align with those of a previous 
study that demonstrated the relevance of HIR in predict-
ing both functional outcome and the formation of malignant 
cerebral edema in patients who did not achieve successful 
recanalization, specifically those with TICI ranging from 
0 to 2a [19]. Our results can be viewed as an extension of 
this prior study, focusing specifically on patients in whom 
the procedure was deemed "successful". Furthermore, we 
offer clinically pertinent insights indicating that a large pro-
portion of patients with TICI 2b still achieve a good func-
tional outcome, particularly if they exhibit good collateral 
circulation. Importantly, when patients were stratified into 
subgroups based on dichotomization set at an HIR level of 
0.3, it was evident that in the subgroup with good collater-
alization, the benefit from TICI 2c/3 over TICI 2b did not 
reach significance, in contrast to the group with poor col-
lateralization. A similar relationship was recently reported, 
although the authors used manual assessment of collaterals, 
which involves time-consuming evaluation and inherently 
introduces inter-rater variability [20].

The findings described here have direct implications for 
clinical practice. When a patient exhibits particularly robust 
collaterals, as indicated by an HIR < 0.3, achieving a final 
recanalization score of TICI 2b is non-inferior to achieving 
TICI 3 in terms of functional outcome. Therefore, in such 
cases, our evidence supports the consideration of conclud-
ing the procedure without justification for a higher number 
of passes of MT devices or prolongation of the procedure, 
both of which are known to have adverse effects on func-
tional outcomes and increase the risk of hemorrhage [21, 
22]. Additionally, the benefit derived from TICI 3 recanali-
zation diminishes with the number of MT maneuvers, and it 
has been demonstrated that outcomes after the third retrieval 
attempt are comparable to those of first-pass TICI 2b [6]. In 
conjunction with our findings, this suggests that performing 
additional thrombectomy maneuvers may be clinically futile, 
particularly in patients with optimal tissue microperfusion.

Notably, in our study, tissue-level collateralization was 
not directly associated with the final angiographic result 
itself, contrary to a previous report indicating a higher like-
lihood of complete recanalization in patients with good arte-
rial collaterals [23]. This difference may stem from the use 
of a different collateral marker in our study, which focused 
more on tissue-level hemodynamics than visible leptome-
ningeal collateralization. Furthermore, this discrepancy may 
also be attributed in part to the broader inclusion criteria in 
our study, as we included patients presenting with occlu-
sion localized in the M2 segment of the middle cerebral 
artery. However, the impact of collateral hemodynamics on 
the achievement of complete recanalization warrants further 
exploration.

The observation of a disproportionately higher impact of 
early infarct volume on the functional status of patients with 
a TICI 2b recanalization score can be interpreted from two 
perspectives. First, it underscores the prognostic significance 
of early infarct volume in such patients, with the benefit 
from MT decreasing markedly as infarct size increases—a 
trend that is considerably less relevant for patients with a 
TICI 2c/3 score. However, it is important to acknowledge 
the challenges associated with interpreting early infarct vol-
ume, often referred to as "ghost infarct core" which tends to 
occur in patients imaged shortly after symptom onset [24]. 
To address this issue, we chose to include only patients pre-
senting more than 90 min from their last known well time, 
as this subgroup has been shown not to present significant 
ghost infarct core phenomenon [11].

Conversely, the reported relationship offers illuminating 
insights into the ongoing debate regarding whether high 
recanalization scores confer greater benefits in patients 
with large infarct cores upon admission. Indeed, our find-
ings suggest that the benefit may be at least noninferior with 
increasing early infarct volume. However, this observed 
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effect contrasts with the results of a previous study where the 
authors reported no significant functional benefit between 
TICI 3 and TICI 2b in patients with large infarct cores. It is 
important to note that in that study, a large core was defined 
using the ASPECTS score of 3–5 [25], which may not pro-
vide as precise information on cerebral tissue viability as 
perfusion imaging. Importantly, only 80 patients in our study 
cohort presented with early infarct volumes large enough 
to be considered substantial (≥ 50 mL). Thus, statistical 
robustness of that finding cannot be considered sufficient. 
Consequently, further studies are warranted to conclusively 
determine whether such benefits indeed exist.

Additionally, our results revealed lower frequency of the 
first pass effect with concomitant more frequent combined 
approach to the MT procedure in TICI 2b group. Such results 
were expected, as the poorer recanalization outcome is usually 
associated with higher recanalization attempts [23]. Moreover, 
in our Center first-line approach to the thrombectomy in 
the great majority of cases is thromboaspiration; stent-
retriever attempts are performed afterwards the aspiration 
maneuver fails. Thus, as the first-pass effect was observed 
predominantly in the TICI 2c/3 group, so was the sole 
thromboaspiration approach. Despite differences in intra-
procedural characteristics, the groups did not differ in case of 
any and symptomatic intracerebral hemorrhage; the type of 
device used was not linked with sICH either.

Our study has several notable limitations. First, it is 
retrospective in nature, which may introduce inherent biases. 
Second, the limited number of patients with sufficient early 
infarct volume to be classified as "large" restricted our 
ability to conduct robust analyses within this subgroup. 
Additionally, the exact number of passes during the MT 
procedure was not available for all patients, preventing us 
from exploring its potential interplay with angiographic 
scores and perfusion parameters. Lastly, pre-stroke (mRS) 
scores were not systematically collected before 2021 and 
therefore could not be incorporated into our multivariate 
models. However, patients treated with MT at our 
facility typically have pre-stroke mRS scores of 0–1. The 
observational nature of the current study highlights the need 
for future randomized trials to definitively assess the impact 
of perfusion imaging results on the decision-making process 
during MT.

In summary, our study underscores the importance 
of considering computed tomography perfusion results, 
particularly focusing on tissue-level collateralization 
indicated by HIR, especially in decision about further 
optimizing the reperfusion score from TICI 2b via methods 
like intraarterial thrombolysis. As demonstrated, patients 
with good collateralization do not derive functional benefits 
from a TICI 2c/3 score over TICI 2b. Therefore, pursuing 
such a result in these patients may not be necessary.
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