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Assessment of cerebral hemodynamic changes in acute ischemic stroke patients following mechanical thrombectomy using CT perfusion imaging












	
	ORIGINAL RESEARCH
published: 25 September 2025
doi: 10.3389/fneur.2025.1628717






[image: image2]

Assessment of cerebral hemodynamic changes in acute ischemic stroke patients following mechanical thrombectomy using CT perfusion imaging

Chao Tian1, Jing Chen2, Junfeng Zhang1 and Feizhou Du1*


1Department of Radiology, The General Hospital of Western Theater Command, Chengdu, China

2Department of Radiology, Sichuan Modern Hospital, Chengdu, China

Edited by
Davi Jorge Fontoura Solla, University of São Paulo, Brazil

Reviewed by
Vitor Nespoli, Rush University Medical Center, United States
 Vitória Lyra, Hospital Aliança, Brazil

*Correspondence
 Feizhou Du, Dufeizhou2024@163.com

Received 14 May 2025
 Accepted 28 August 2025
 Published 25 September 2025

Citation
 Tian C, Chen J, Zhang J and Du F (2025) Assessment of cerebral hemodynamic changes in acute ischemic stroke patients following mechanical thrombectomy using CT perfusion imaging. Front. Neurol. 16:1628717. doi: 10.3389/fneur.2025.1628717



Background: Acute ischemic stroke (AIS) is a leading cause of disability and death in China, with mechanical thrombectomy (MT) being an effective treatment for AIS due to large vessel occlusion (LVO). The aim of this study was to evaluate the efficacy of MT in AIS patients using CT perfusion (CTP) imaging to assess cerebral hemodynamics before and after the procedure.

Methods: This retrospective study enrolled 76 AIS patients with unilateral anterior circulation LVO (internal carotid artery or middle cerebral artery M1/M2 segments) who underwent MT at The General Hospital of Western Theater Command PLA from January 2020 to April 2023. All patients underwent pre- and post-thrombectomy CTP, with the interval between scans ≤72 h. Successful recanalization was defined as achieving modified Thrombolysis in Cerebral Infarction (mTICI) grade ≥2b (reperfusion of ≥50% of the ischemic territory) on immediate post-thrombectomy angiography. Primary outcomes included changes in perfusion abnormality range and CTP parameters [relative cerebral blood flow (rCBF), relative cerebral blood volume (rCBV), relative mean transit time (rMTT), relative time to peak (rTTP), relative time to maximum of the residual function (rTmax)]. Secondary outcomes included 7-day NIHSS score improvement and 90-day modified Rankin Scale (mRS) scores.

Results: Post-thrombectomy, 69 patients (90.8%) achieved successful recanalization (mTICI ≥ 2b), including 44 (57.9%) with mTICI 3 and 25 (32.9%) with mTICI 2b. CTP within 3 days post-MT showed significant increases in rCBF (0.560 ± 0.11 vs. 1.020 ± 0.29, P < 0.01) and rCBV (0.850 ± 0.13 vs. 1.010 ± 0.15, P < 0.01), and decreases in rMTT (1.41 vs. 1.03, P < 0.01), rTTP (1.380 ± 0.12 vs. 1.050 ± 0.12, P < 0.01), and rTmax (3.71 ± 0.1 vs. 1.40 ± 0.9, P < 0.01) compared to baseline. Perfusion abnormalities resolved in 36 patients (47.4%), reduced in 30 (39.5%), and showed no improvement in 10 (13.2%). Patients with resolved perfusion defects had higher rates of 7-day NIHSS improvement [89.7% vs. 60.7% (reduced) and 30.0% (no improvement), P = 0.001 and P = 0.011] and 90-day good outcomes (mRS 0–2: 83.3% vs. 33.3% and 20.0%, both P < 0.01). Hyperperfusion occurred in 15 (21.7%) successfully recanalized patients, with 73.3% achieving good 90-day outcomes.

Conclusion: CTP imaging is a valuable tool for assessing MT efficacy in AIS patients. Post-thrombectomy CTP detects significant improvements in cerebral hemodynamics, with resolved perfusion defects strongly predicting favorable clinical outcomes. These findings support the utility of CTP in monitoring post-treatment recovery and guiding clinical decision-making.
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1 Introduction

Acute ischemic stroke (AIS), often precipitated by arterial stenosis or occlusion leading to cerebral tissue ischemia and hypoxia, represents a prevalent cerebrovascular condition in clinical practice (1, 2). Globally, ischemic stroke accounts for ~80% of all stroke cases, while in China, this proportion is even higher, with AIS comprising ~87% of strokes. The incidence of AIS remains stubbornly high in China, exacerbated by an aging population and shifts in lifestyle, making it the most frequent type of stroke in the country (3). The primary goal of AIS treatment is to improve cerebral blood circulation, with revascularization therapies, including intravenous thrombolysis and mechanical thrombectomy, being the most effective during the acute phase (4). Among these, mechanical thrombectomy (MT) has emerged as a cornerstone intervention for large vessel occlusion (LVO)-related AIS, significantly improving functional outcomes compared to intravenous thrombolysis alone. However, incomplete recanalization (achieving mTICI 0–2a) still occurs in 10%−20% of cases, and even among successfully recanalized patients (mTICI ≥ 2b), those with mTICI 2c or 3 (complete or near-complete reperfusion) exhibit superior 90-day functional independence rates compared to those with mTICI 2b (5, 6).

Intravenous thrombolysis, typically facilitated by alteplase, is the first-line approach for revascularization. However, clinical experiences have revealed suboptimal recanalization rates following alteplase administration, which correlates with poorer outcomes (7). Consequently, MT has become the primary focus for LVO-AIS, with research emphasizing optimization of recanalization efficacy, reduction of post-procedural complications, and enhancement of long-term prognosis.

CT perfusion (CTP) imaging is a powerful tool for quantifying and reflecting changes in local tissue blood flow, with numerous studies utilizing it to assess cerebral hemodynamic alterations in patients with ischemic cerebrovascular diseases (8). Post-MT CTP imaging holds critical clinical value: it enables detection of residual ischemia, evaluation of tissue reperfusion adequacy, prediction of hemorrhagic transformation and functional outcomes, and guidance for individualized post-procedural management (9, 10). Yet, there is a paucity of literature exploring the relationship between CTP parameters and clinical outcomes in patients with anterior circulation AIS following intravenous thrombolysis. CTP imaging allows for rapid, non-invasive evaluation of cerebral hemodynamics, and with advancements in imaging technology, it now offers whole-brain coverage, enabling precise assessment of abnormal perfusion areas in brain tissue (11). Stroke is the second leading cause of disability and death globally and the primary cause in China, with AIS accounting for ~87% of cases. Large vessel occlusion is one of the main etiologies of AIS (12). Mechanical thrombectomy, an effective treatment for AIS due to large vessel occlusion, can restore blood supply to ischemic tissue, salvage the ischemic penumbra, and improve patient prognosis (13). Previous research has indicated that CTP-derived hemodynamic parameters can reflect changes in cerebral hemodynamics before and after thrombolysis in AIS patients (14).

In this study, we utilized CTP imaging to assess cerebral hemodynamic changes before and after MT in patients with anterior circulation LVO strokes, aiming to evaluate the utility of CTP in assessing the efficacy of thrombectomy.



2 Patients and methods


2.1 Patients

This retrospective study consecutively enrolled patients with acute ischemic stroke (AIS) who underwent mechanical thrombectomy at The General Hospital of Western Theater Command PLA through the Acute Stroke Green Channel from January 2020 to April 2023. The diagnosis of AIS adhered to the criteria outlined in the “Chinese Guidelines for the Diagnosis and Treatment of Acute Ischemic Stroke 2018” (15). Patient selection for mechanical thrombectomy followed the screening standards set forth in the “Chinese Guidelines for Endovascular Treatment of Acute Ischemic Stroke 2018” (15). Inclusion criteria were as follows: (1) time from symptom onset to hospital admission not exceeding 24 h; (2) unilateral anterior circulation large vessel occlusion (internal carotid artery or middle cerebral artery M1, M2 segments) confirmed by DSA; (3) underwent mechanical thrombectomy; (4) both pre- and post-thrombectomy, patients underwent head CT scans and CTP, with the interval between CTP scans not exceeding 72 h. Exclusion criteria included: (1) presence of brain tumors, intracranial hemorrhage, intracranial aneurysms, or vascular malformations before mechanical thrombectomy; (2) involvement of posterior circulation large vessels; (3) significant motion artifacts in CTP images that precluded reconstruction; (4) absence of CTP images or clinical data; (5) presence of perfusion reduction areas in both cerebral hemispheres on pre-thrombectomy CTP; (6) evidence of large areas of intracerebral hemorrhage or contrast agent leakage on post-thrombectomy CTP images. The study protocol was reviewed and approved by the Ethics Committee of The General Hospital of Western Theater Command PLA (Ethics NO.2022EC2-ky043). The process of enrolling patients in this study is shown in Figure 1.


[image: Flowchart of patient selection for a study. Out of 2309 total patients, 1624 were eligible. Inclusion criteria: symptom onset to admission under 24 hours, confirmed large vessel occlusion, mechanical thrombectomy, and timely CT and CTP scans. Exclusion criteria: brain tumors, posterior circulation involvement, motion artifacts, absence of CTP data, dual hemisphere perfusion issues, and intracerebral hemorrhage signs. 1548 were excluded, resulting in 76 included studies.]
FIGURE 1
 Inclusion and exclusion flow chart.




2.2 Methods
 
2.2.1 Data collection

Demographic data were collected, including gender, age, time from last known well to admission, baseline National Institutes of Health Stroke Scale (NIHSS) scores, and admission Alberta Stroke Program Early CT Score (ASPECTS) (16). Surgical data were also collected, including the site of vascular occlusion (internal carotid artery and middle cerebral artery M1, M2 segments), preoperative intravenous thrombolysis, postoperative vascular recanalization, and postoperative patient clinical outcomes.



2.2.2 Mechanical thrombectomy procedure and evaluation of vascular recanalization

All mechanical thrombectomy treatments were performed by a neurointerventional team with over 5 years of surgical experience. The Seldinger technique was used to puncture the femoral artery and place an 8-F sheath. After angiographic confirmation of the occlusion site, thrombectomy techniques (including aspiration thrombectomy, stent thrombectomy, or combined techniques) were determined. Immediate post-thrombectomy angiography assessed the modified Thrombolysis in Cerebral Infarction (mTICI) grade, with grades ≥2b considered successful recanalization (10). If successful recanalization was achieved, the procedure was terminated. If recanalization was not achieved after more than five attempts, the procedure was concluded, and conservative medical treatment was chosen.



2.2.3 CT scan and CTP examination methods

All patients underwent head CT scans and CTP using a 256-slice spiral CT scanner (Model Revolution; GE Healthcare, USA) before and within 3 days after mechanical thrombectomy. Routine head CT scans were performed with a slice thickness and interval of 5 mm. Subsequently, whole-brain CTP was conducted with a tube voltage of 70 kV and a tube current of 100 mAs. All patients were administered 40 ml of iodinated contrast medium (Iopromide, 370 mgI/ml; Bayer Healthcare, Germany) via a power injector through the antecubital or forearm vein, followed immediately by 40 ml of isotonic saline, both injected at a rate of 6 ml/s. Scanning began 4 s after injection and lasted for 60 s.



2.2.4 CTP image analysis method

A CTP intelligent analysis system (Version 2.4.3; Shukun Technology Co., Ltd.) was used to analyze pre- and post-thrombectomy CTP raw images. The healthy side's middle cerebral artery was set as the input artery, and the superior sagittal sinus as the output vein. The system automatically calculated a series of perfusion parameter pseudo-color images, including cerebral blood flow (CBF), cerebral blood volume (CBV), mean transit time (MTT), time to peak (TTP), and time to maximum of the residual function (Tmax). The CTP intelligent analysis system presented different values of perfusion parameters in pseudo-color images, allowing for the identification of perfusion abnormalities on CTP images. Perfusion abnormalities were characterized by reduced CBF in ischemic areas, with or without reduced CBV, and delayed MTT, TTP, and Tmax. Two neuroimaging physicians with over 5 years of experience independently analyzed the pre- and post-treatment perfusion pseudo-color images. The largest perfusion abnormality area on the Tmax image before treatment was measured, and the region of interest was manually outlined along the delayed area on the affected side compared to the healthy side, with the healthy side's region of interest generated automatically by mirroring. The CBF, CBV, MTT, TTP, and Tmax values of the corresponding regions on both the affected and healthy sides were measured, and the values on the affected side were divided by those on the healthy side to obtain relative perfusion parameter values [i.e., relative cerebral blood flow (rCBF), relative cerebral blood volume (rCBV), relative mean transit time (rMTT), relative time to peak (rTTP), and relative time to maximum of the residual function (rTmax)]. The system automatically calculated the volume of the infarct core (rCBF < 30% area) and the perfusion reduction area (Tmax > 6 s area). Post-treatment perfusion parameter measurements were taken on the same slice as the pre-treatment images, with regions of interest outlined to match the pre-treatment shape and size. The same method was used to obtain post-treatment relative perfusion parameter values, and hyperperfusion on the post-treatment CTP images was defined as the affected side showing higher CBF and CBV than the healthy side, with a lower Tmax. The measurements of the two physicians were averaged to determine the final results, and in cases of significant differences, the two physicians consulted to reach a consensus.



2.2.5 Grouping and clinical outcome assessment

Patients were categorized based on the change in perfusion abnormality range on post-thrombectomy CTP images compared to pre-thrombectomy images into three groups: no improvement (increased or no significant change in perfusion abnormality range), reduced perfusion abnormality range, and disappeared perfusion abnormality range.

NIHSS scores were used to evaluate neurological changes at 7 days post-thrombectomy or at discharge. Following previous research, an improvement in NIHSS scores was defined as a ΔNIHSS score (difference between baseline NIHSS score and post-treatment NIHSS score) >4 or a post-treatment NIHSS score of 0–1. Clinical outcomes were assessed at 90 days post-treatment using the modified Rankin Scale (mRS), with scores of 0–2 indicating good outcomes and 3–6 indicating poor outcomes.




2.3 Statistical analysis

Relative perfusion parameter values that were normally distributed before and after mechanical thrombectomy were expressed as mean ± standard deviation and analyzed using paired sample t-tests. Those not normally distributed were expressed as median and interquartile range [M (P25, P75)] and analyzed using the Wilcoxon rank-sum test. Quantitative data that were normally distributed were expressed as mean ± standard deviation, and those not normally distributed were expressed as median and interquartile range [M (P25, P75)]. Comparisons among the three groups were made using one-way ANOVA for data that were normally distributed and had equal variances; otherwise, the Kruskal–Wallis test was used. Categorical data were expressed as numbers and percentages (%), and comparisons among the three groups were made using chi-square tests or Fisher's exact probability method. A P-value < 0.05 was considered statistically significant. Data analysis was performed using SPSS 25.0 statistical software.




3 Results


3.1 General information

A total of 76 AIS patients were included, consisting of 45 males and 31 females, with ages ranging from 34 to 97 years and an average age of 65 ± 12 years. The time from last known normal to hospital admission varied from 0 to 19 h, with a median time of 6 (2, 10) h. The baseline NIHSS scores ranged from 4 to 26, with a median score of 13 (10, 19). Twenty-eight patients underwent intravenous thrombolysis followed by mechanical thrombectomy, while 48 patients underwent mechanical thrombectomy alone. Angiography during the procedure confirmed the occlusion sites to be the internal carotid artery in 20 cases, the M1 segment of the middle cerebral artery in 47 cases, and the M2 segment in 9 cases.

Immediate post-thrombectomy, 69 patients (90.8%) achieved successful recanalization, with 44 (57.9%) achieving mTICI grade 3 and 25 (32.9%) achieving mTICI grade 2b. Five patients (6.5%) did not achieve successful recanalization, with 2 (2.6%) having mTICI grade 2a and 3 (3.9%) having mTICI grade 0 (Table 1).

TABLE 1  Baseline characteristics and treatment details of AIS patients with successful and unsuccessful recanalization.


	Characteristics
	Total (n = 76)
	Successful Recanalization (n = 69)
	Unsuccessful Recanalization (n = 7)
	t/χ2/Z
	P-value





	Demographics



	Male, n (%)
	45 (59.2)
	41 (59.4)
	4 (57.1)
	\(χ2 = 0.015\)
	0.912



	Age, mean ± SD (years)
	65 ± 12
	65 ± 12
	64 ± 14
	0.182
	0.857



	Clinical presentation



	Time from last known normal to admission, median (IQR) (h)
	6 (2, 10)
	6 (2, 10)
	7 (3, 11)
	0.487
	0.632



	Baseline NIHSS score, median (IQR)
	13 (10, 19)
	12 (10, 18)
	18 (15, 22)
	2.326
	0.021



	Hypertension, n (%)
	49 (64.5)
	44 (63.8)
	5 (71.4)
	0.128
	0.726



	Diabetes mellitus, n (%)
	28 (36.8)
	25 (36.2)
	3 (42.9)
	0.102
	0.765



	Atrial fibrillation, n (%)
	23 (30.3)
	20 (29.0)
	3 (42.9)
	0.563
	0.451



	Smoking history, n (%)
	31 (40.8)
	28 (40.6)
	3 (42.9)
	0.013
	0.903



	Treatment details



	Intravenous thrombolysis before MT, n (%)
	28 (36.8)
	25 (36.2)
	3 (42.9)
	0.102
	0.765



	Imaging features



	Occlusion site, n (%)
	
	
	
	0.637
	0.517



	Internal carotid artery
	20 (26.3)
	18 (26.1)
	2 (28.6)
	–
	–



	MCA M1 segment
	47 (61.8)
	43 (62.3)
	4 (57.1)
	–
	–



	MCA M2 segment
	9 (11.8)
	8 (11.6)
	1 (14.3)
	–
	–



	Admission ASPECTS, median (IQR)
	8 (7, 9)
	8 (7, 9)
	7 (6, 8)
	2.031
	0.043



	Collateral circulation (MP-CTA score ≥2), n (%)
	51 (67.1)
	49 (71.0)
	2 (28.6)
	5.582
	0.018



	CT perfusion parameters (Pre-MT)



	Infarct core volume, median (IQR) (ml)
	8.0 (2.2, 32.0)
	7.5 (2.0, 30.0)
	15.0 (5.5, 45.0)
	2.124
	0.037



	Perfusion deficit volume, mean ± SD (ml)
	149.4 ± 71.1
	145 ± 68
	178 ± 82
	2.015
	0.049



	Time parameters



	Time from symptom onset to imaging, median (IQR) (h)
	2.5 (1.0, 4.0)
	2.3 (1.0, 3.8)
	3.5 (2.0, 5.0)
	1.824
	0.068



	Time from symptom onset to treatment, median (IQR) (h)
	5.0 (3.0, 8.0)
	4.8 (2.8, 7.5)
	7.0 (5.5, 9.0)
	2.017
	0.044







3.2 CT scans

The initial head CT scans upon admission for the 76 patients showed ASPECTS scores of 8 (7, 9), with 67 cases (88.2%) exhibiting mild reductions in brain tissue density and blurred gray-white matter boundaries, indicative of early ischemic signs. Postoperative head CT scans revealed low-density infarction areas in all 76 patients.



3.3 Comparison of CTP

Pre-emergency CTP scans for all 76 patients revealed perfusion abnormalities consistent with clinical manifestations, characterized by reduced CBF in ischemic regions, with or without reduced CBV, and delays in MTT, TTP, and Tmax. The infarct core volume was 8.0 (2.2, 32.0) ml, and the perfusion reduction area volume was (149 ± 71) ml. These perfusion abnormalities were predominantly localized to the territories of the occluded arteries: 20 cases (26.3%) in the internal carotid artery (ICA) territory, 47 cases (61.8%) in the middle cerebral artery (MCA) M1 segment territory, and 9 cases (11.8%) in the MCA M2 segment territory, corresponding to the confirmed occlusion sites.

CTP scans within 3 days post-thrombectomy showed that 33 patients (43.4%) had essentially resolved perfusion abnormality areas, 30 (39.5%) had reduced perfusion abnormality ranges compared to preoperatively, 9 (11.8%) had no significant changes, and 4 (5.3%) had increased perfusion abnormality ranges compared to preoperatively. Notably, residual perfusion abnormalities in the successfully recanalized group (32/69, 46.4%) were most frequently observed in the distal MCA branches (18/32, 56.2%) and lenticulostriate arteries (10/32, 31.3%), even after successful recanalization of the proximal occlusive site. Post-thrombectomy, rCBF and rCBV values significantly increased, while rMTT, rTTP, and rTmax values significantly decreased compared to preoperative values (all P < 0.05; see Table 2).

TABLE 2  Comparison of relative cerebral perfusion parameters before and after mechanical thrombectomy in 76 AIS patients.


	Parameter
	Pre-operation
	Post-operation
	t/χ2/Z
	P-value





	rCBF
	0.56 ± 0.11
	1.02 ± 0.29
	−11.362
	< 0.01



	rCBV
	0.85 ± 0.13
	1.01 ± 0.15
	−9.032
	< 0.01



	rMTT
	1.41 (1.34, 1.55)
	1.03 (0.91, 1.17)
	−6.974
	< 0.01



	rTTP
	1.38 ± 0.12
	1.05 ± 0.12
	16.321
	< 0.01



	rTmax
	3.7 ± 1.1
	1.4 ± 0.9
	14.694
	< 0.01




AIS, acute ischemic stroke; rCBF, relative cerebral blood flow; rCBV, relative cerebral blood volume; rMTT, relative mean transit time; rTTP, relative time to peak; rTmax, relative time to maximum of the residual function.



Among the 69 successfully recanalized patients, post-CTP scans indicated that 33 (47.8%) had essentially resolved perfusion abnormality areas, 32 (46.4%) still had perfusion abnormality areas (with 28 showing reduced ranges, 4 showing no significant changes, and 1 showing an increase compared to preoperatively); 15 (21.7%) developed hyperperfusion post-thrombectomy, characterized by significantly higher CBF and CBV on the affected side with lower MTT, TTP, and Tmax compared to the healthy side. Hyperperfusion was most common in the MCA cortical territories (12/15, 80.0%), particularly in regions with severe pre-procedural hypoperfusion (rCBF < 0.4).

For the 5 patients who did not achieve successful recanalization, post-CTP scans still showed perfusion abnormality areas, with 2 showing reduced ranges, 2 showing no significant changes, and 1 showing an increase compared to preoperatively. In the non-recanalized group, persistent perfusion deficits were confined to the original occluded territories, with 3/5 cases (60.0%) demonstrating expanded perfusion abnormalities in the distal watershed zones, likely due to progressive ischemia. Notably, 2/5 non-recanalized patients with ICA occlusion showed concurrent hypoperfusion in the anterior cerebral artery territory, suggesting collateral failure.



3.4 Changes in perfusion

Abnormality Range Post-Thrombectomy and Clinical Outcomes Among the 76 patients, the post-thrombectomy groups were as follows: 10 (13.2%) with no improvement in perfusion abnormality range, 30 (39.5%) with reduced perfusion abnormality range, and 36 (47.4%) with resolved perfusion abnormality range.

Follow-up mRS scores at 90 days post-surgery showed that 44 patients (57.9%) had good outcomes, while 32 (42.1%) had poor outcomes. Among the 69 patients with successful recanalization, 40 (57.9%) had good outcomes, and 29 (42.1%) had poor outcomes. Comparisons of 90-day postoperative mRS scores among the three groups are presented in Table 2. Patients in the group with resolved perfusion abnormality range post-thrombectomy had significantly higher proportions of improved NIHSS scores at 7 days post-surgery or at discharge compared to the groups with no improvement or reduced perfusion abnormality range (P-values of 0.001 and 0.011, respectively). The proportion of patients with good outcomes at 90 days post-thrombectomy was significantly higher in the group with resolved perfusion abnormality range compared to the other groups (both P < 0.01; see Table 3 and Figure 1).

TABLE 3  Comparison of general information and clinical outcomes of patients with no improvement, reduced, and resolved perfusion abnormality range post-thrombectomy.


	Category
	No improvement (10 cases)
	Reduction (30 cases)
	Resolution (36 cases)
	t/χ2/‘
	P-value





	Age
	62 ± 15
	66 ± 13
	65 ± 10
	0.395
	0.675



	Male
	7
	12
	23
	8.362
	0.015



	Baseline NIHSS score
	14.0 (7.8, 17.5)
	13.5 (11.0, 20.0)
	12.0 (9.0, 18.5)
	0.894
	0.640



	Admission to hospital from the last normal time
	7.0 (2.0, 9.5)
	4.5 (1.3, 11.3)
	6.0 (3.5, 10.0)
	0.892
	0.661



	Vascular occlusion site
	–
	–
	–
	0.000
	1.000



	ICA
	3
	8
	10
	
	



	MCA M1
	6
	19
	21
	
	



	MCA M2
	1
	3
	5
	
	



	ASPECTS [M (P25, P75), ml]
	8.5 (7.8, 10.0)
	8.0 (6.0, 9.0)
	8.0 (7.5, 9.0)
	4.021
	0.134



	Preoperative infarct core volume
	16.0 (3.9, 44.8)
	15.1 (4.7, 46.3)
	4.0 (0.5, 9.7)
	8.594
	0.014



	7-day or discharge NIHSS improvement, n (%)
	3 (30.0)
	17 (56.7)
	26 (72.2)
	13.707
	< 0.001



	90-day mRS score, n (%)
	
	
	
	26.341
	< 0.001



	−0–2 分 (good outcome)
	2 (20.0)
	10 (33.3)
	27 (75.0)
	–
	–





Among the 15 patients who developed hyperperfusion post-thrombectomy, 10 showed improvement in NIHSS scores at 7 days post-surgery or at discharge; 11 had mRS scores of 0–2 and 4 had mRS scores of 3–6 at 90 days post-surgery, with 2 patients dying during hospitalization.



3.5 Case presentation

An 85-year-old female presented to our department with a sudden onset of speech difficulties and weakness in the right extremities, 18 h prior to her admission on November 2, 2021, at 17:54. Upon admission, she underwent a CT angiography (CTA) and CT perfusion (CTP) scan, which revealed a low-density infarct in the left frontal, temporal, and parietal lobes, as well as the left basal ganglia and centrum semiovale (Figure 2a). The CTP scan demonstrated reduced cerebral blood flow (CBF, Figure 2b) and cerebral blood volume (CBV, Figure 2c) in the distribution of the left middle cerebral artery, with prolonged mean transit time (MTT, Figure 2d), time to peak (TTP, Figure 2e), and delay (Figure 2f), indicating perfusion deficits.


[image: CT and MRI images of a brain captured in various forms. Image (a) shows a typical grayscale brain CT scan. Images (b) through (f) display brain perfusion maps with different colors denoting blood flow levels. Images (g) and (h) are grayscale X-ray images of the head, highlighting cranial blood vessels. Image (i) is another grayscale brain CT scan, showing details of brain structure. Each image utilizes different imaging techniques to assess brain function and structure, focusing on variations in blood flow and anatomical details.]
FIGURE 2
 Typical case images; (a) Low-density infarct in the left frontal, temporal, and parietal lobes, as well as the left basal ganglia and centrum semiovale; (b) Reduced cerebral blood flow (CBF) in the distribution of the left middle cerebral artery; (c) Reduced cerebral blood volume (CBV) in the distribution of the left middle cerebral artery; (d) Prolonged mean transit time (MTT) in the distribution of the left middle cerebral artery; (e) Prolonged time to peak (TTP) in the distribution of the left middle cerebral artery; (f) Prolonged delay in the distribution of the left middle cerebral artery, indicating perfusion deficits; (g) Pre-thrombectomy DSA confirming occlusion in the M1 segment of the left middle cerebral artery; (h) Post-thrombectomy DSA showing mTICI level 3 reperfusion, indicating successful restoration of blood flow in the left middle cerebral artery; (i) Post-surgery non-contrast CT showing a decrease in infarct density with more distinct margins, indicating improvement in tissue perfusion and reduction in ischemic damage.


On November 3, 2021, the patient underwent endovascular thrombectomy and stent-assisted recanalization. The pre-thrombectomy digital subtraction angiography (DSA) confirmed an occlusion in the M1 segment of the left middle cerebral artery (Figure 2g). Following thrombectomy and stent placement, the DSA showed a mTICI level 3 reperfusion, signifying successful restoration of blood flow in the left middle cerebral artery (Figure 2h). A follow-up non-contrast head CT scan performed 46 h post-surgery on November 5, 2021, demonstrated a decrease in the density of the infarct lesion with more distinct margins in the previously mentioned regions (Figure 2i), suggesting an improvement in tissue perfusion and a reduction in ischemic damage following the intervention.




4 Discussion

In recent years, numerous randomized controlled trials have confirmed the efficacy of mechanical thrombectomy in achieving favorable clinical outcomes for patients with acute ischemic stroke (AIS) due to large vessel occlusions in the anterior circulation (17, 18). As a result, mechanical thrombectomy has been incorporated as a first-line treatment in international stroke guidelines (19). The mTICI (modified Thrombolysis in Cerebral Infarction) scale is commonly used to evaluate the status of vascular recanalization post-thrombectomy, with mTICI grades 2b to 3 defining successful recanalization, which implies reperfusion of more than 50% of the ischemic area (20). Previous studies have indicated that 80% to 90% of AIS patients with large vessel occlusions can achieve successful recanalization following mechanical thrombectomy (21). In our series of 76 patients, 69 (90.8%) achieved successful recanalization, which is consistent with previous findings.

CT perfusion (CTP) imaging allows for rapid assessment of cerebral hemodynamics and can monitor changes in hemodynamic parameters before and after mechanical thrombectomy, providing a basis for evaluating the efficacy of the procedure. In our study, post-thrombectomy CTP scans showed significant increases in rCBF and rCBV, and decreases in rMTT, rTTP, and rTmax compared to preoperative values (all P < 0.05), indicating that mechanical thrombectomy can improve blood perfusion in ischemic brain tissue to some extent. However, despite successful recanalization (mTICI grades 2b to 3), ~50% of AIS patients still have poor outcomes, as measured by an mRS score >2 at 90 days post-surgery (22). In our study, 40.3% of patients with successful recanalization had poor outcomes, which aligns with previous research.

Rubiera et al. (23) found that 63.0% (29/46) of patients with mTICI grade 2b and 42.5% (40/94) with mTICI grade 3 still had perfusion defects on post-thrombectomy CTP. In our cohort of 69 successfully recanalized patients, further stratification by mTICI subgrades (2b vs. 2c−3) revealed distinct perfusion recovery patterns: among 25 patients with mTICI 2b, 18 (72.0%) retained perfusion abnormalities, whereas only 17 (38.6%) of 44 patients with mTICI 2c−3 showed residual perfusion defects (χ2=8.92, P = 0.003). Correspondingly, complete resolution of perfusion defects was achieved in 7 (28.0%) mTICI 2b patients vs. 27 (61.4%) mTICI 2c−3 patients (χ2=9.15, P = 0.002), aligning with the graded association between reperfusion extent and tissue-level recovery observed in our perfusion abnormality range analysis. In our 69 successfully recanalized patients, 34 (49.3%) showed near-complete resolution of perfusion defects on post-thrombectomy CTP, while 35 (50.7%) still exhibited perfusion abnormalities, similar to previous findings. Current research suggests that this phenomenon may be related to the no-reflow phenomenon and arterial re-occlusion in the ischemic region (24, 25). The higher residual perfusion defect rate in mTICI 2b cases likely reflects incomplete microvascular reperfusion, even with partial macrovascular recanalization, which is consistent with our observation that mTICI 2b patients had a lower rate of perfusion abnormality resolution (28.0% vs. 61.4% in mTICI 2c−3). In contrast, mTICI 2c−3, characterized by more extensive flow restoration, correlates with better microcirculatory perfusion, as evidenced by our data showing that mTICI 2c−3 patients had a higher proportion in the perfusion abnormality resolved group (27/36, 75.0%) compared to mTICI 2b patients (7/36, 19.4%). Ames et al. (26) first observed the no-reflow phenomenon in a rabbit model of cerebral ischemia in 1968, where microcirculatory reperfusion failed despite the removal of arterial occlusion. Recent studies have shown that AIS patients with successful recanalization post-thrombectomy also experience the no-reflow phenomenon, with factors such as reduced reactivity of capillaries following ischemia and hypoxia, widespread inflammatory responses, and swelling of endothelial cells and astrocytic end-feet potentially causing microcirculatory reperfusion failure. Studies have confirmed that reperfusion is a more accurate predictor of clinical outcomes than recanalization alone, which is supported by our 90-day outcome data: among patients with resolved perfusion abnormalities, 30/36 (83.3%) achieved good outcomes (mRS 0–2), with mTICI 2c−3 patients accounting for 27/30 (90.0%) of these cases. In contrast, mTICI 2b patients had a lower good outcome rate (8/25, 32.0%) even within the successful recanalization cohort, underscoring the clinical significance of distinguishing mTICI 2b from 2c−3 subgrades in predicting functional recovery, as reflected in our perfusion and prognostic analyses.

It is noteworthy that the Chinese population has a higher prevalence of intracranial atherosclerosis (ICAS), which is a well-recognized risk factor for arterial re-occlusion post-mechanical thrombectomy (27, 28). In our cohort, 5 cases (7.5%) experienced re-occlusion during follow-up, with 4 of these cases (80.0%) showing radiological evidence of underlying ICAS on pre-procedural CTA. ICAS-related stenosis may predispose to recurrent occlusion due to progressive luminal narrowing or thrombus formation at the diseased segment, potentially contributing to the residual perfusion abnormalities observed in some patients with successful recanalization (mTICI 2b−3). Compared to populations with lower ICAS burden, the relatively higher re-occlusion rate in our study may partially explain why even among patients achieving mTICI 2c−3, a small proportion (17/44, 38.6%) retained perfusion defects—persistent hemodynamic compromise due to ICAS could hinder complete tissue reperfusion despite macrovascular recanalization. This underscores the need for tailored post-procedural management (e.g., antiplatelet strategies) in ICAS-dominant populations to mitigate re-occlusion risk and optimize perfusion recovery.

In our series of 69 successfully recanalized patients, 14 (20.3%) developed hyperperfusion post-thrombectomy, as indicated by significantly higher CBF and CBV on the affected side with lower MTT, TTP, and Tmax compared to the healthy side. Rubiera et al. (23) reported that 21.2% (32/151) of AIS patients with mTICI grades 2a to 3 experienced hyperperfusion post-thrombectomy on CTP. Ames et al. (26) observed hyperperfusion in 48% (13/27) of AIS patients with successful recanalization (mTICI grades 2b−3) on MRI arterial spin labeling images. The mechanism behind post-thrombectomy hyperperfusion remains unclear and may be associated with the loss of autoregulatory function in the ischemic region's vasculature (29).

Rubiera et al. (23) demonstrated that a Tmax > 6 s region volume of < 3.5 ml on post-thrombectomy CTP is an independent predictor of good outcomes at 3 months post-surgery (OR: 3.5, 95% CI: 1.6 to 7.8, P < 0.01). A study (30) retrospectively analyzed pre- and post-thrombectomy CTP images of 82 AIS patients with anterior circulation large vessel occlusions and defined optimal tissue reperfusion as a greater than 90% reduction in the Tmax > 6 s region volume post-thrombectomy compared to pre-thrombectomy, which correlated with good clinical outcomes at 90 days post-surgery (mRS score 0–2) (OR: 8.764, 95% CI: 1.226–62.668, P: 0.031). In our study, the proportion of patients with improved NIHSS scores at 7 days post-thrombectomy or at discharge and the proportion with good outcomes at 90 days post-thrombectomy were significantly higher in the group with resolved perfusion defects compared to the groups with no improvement or reduced perfusion defects, suggesting that patients with resolved perfusion defects post-thrombectomy have better clinical outcomes, consistent with previous research. However, our statistical analysis showed that the group with resolved perfusion defects had a smaller infarct core volume preoperatively, and previous studies have also found that patients with optimal tissue reperfusion post-thrombectomy had a smaller infarct core volume preoperatively than those without optimal reperfusion. The relationship between preoperative infarct core volume and post-thrombectomy reperfusion warrants further investigation. In our study, 2 out of 29 patients (6.9%) with resolved perfusion defects post-thrombectomy had poor outcomes, which may be related to ischemia-reperfusion injury.

The clinical utility of post-mechanical thrombectomy (MT) CT perfusion (CTP) is substantial and multifaceted, aligning with observations from our study and relevant literature (23). Post-MT CTP acts as an immediate surrogate of procedural success, as resolution of perfusion abnormalities correlates strongly with favorable 90-day modified Rankin Scale (mRS) scores, offering a more precise assessment of tissue-level reperfusion than angiographic recanalization alone. It enhances prognostication by identifying patients with residual ischemia, who are at higher risk of poor outcomes, and guides rehabilitation planning by stratifying those needing intensive intervention vs. those likely to recover favorably. Regarding hyperperfusion, our finding that 21.7% of successfully recanalized patients developed this phenomenon, with 73.3% achieving good outcomes but 2 experiencing mortality, mirrors broader insights into its dual role as a marker of effective reperfusion and a risk factor for complications. In terms of cost-benefit, post-MT CTP provides incremental value by quantifying perfusion recovery at relatively low additional cost, supporting its potential integration into routine protocols to optimize post-procedural management and resource allocation.

International stroke guidelines recommend pre-treatment CTP assessment in AIS patients to select those suitable for mechanical thrombectomy, while post-thrombectomy CTP has not been widely adopted in clinical practice. Previous studies have often used the change in the volume of perfusion defects (Tmax > 6 s region) before and after AIS treatment to assess the recovery of cerebral blood flow following mechanical thrombectomy. Our study quantitatively evaluated the changes in various CTP-derived hemodynamic parameters before and after mechanical thrombectomy, providing a multifaceted assessment of changes in cerebral perfusion.

This study has several limitations that warrant consideration. First, the retrospective design inherently introduces selection bias, as patients were enrolled based on the availability of pre- and post-thrombectomy CTP data, potentially excluding those with incomplete imaging follow-up and limiting the generalizability of findings. Second, despite comprehensive data collection, some relevant parameters were not fully captured: collateral circulation assessment relied primarily on MP-CTA scores without quantitative analysis of collateral flow volume, and hemorrhagic transformation rates were not systematically stratified by mTICI subgrades, which may obscure associations between reperfusion quality and bleeding risk. Additionally, stroke volume—a critical endpoint reflecting treatment impact on tissue salvage—was not consistently measured in all patients, limiting our ability to directly correlate post-MT perfusion changes with final infarct growth. These gaps highlight the need for prospective studies with standardized acquisition of stroke volume, collateral quantification, and hemorrhagic transformation data to validate our conclusions.



5 Conclusion

In summary, the application of CTP allows for the monitoring of cerebral hemodynamic changes in AIS patients following mechanical thrombectomy, offering radiological evidence for the assessment of post-treatment recovery of cerebral perfusion. Clinically, post-thrombectomy CTP holds substantial implications: it enables objective evaluation of tissue-level reperfusion beyond angiographic recanalization, identifies high-risk subgroups such as those with residual ischemia or hyperperfusion for timely intervention, and aids in prognostication to guide rehabilitation planning—aligning with findings that perfusion resolution correlates with improved 90-day mRS outcomes. For future studies, we recommend prospective designs to validate CTP-derived parameters as surrogate endpoints for functional recovery; explore the utility of dynamic CTP in predicting hemorrhagic transformation; and investigate cost-effectiveness in integrating post-thrombectomy CTP into routine protocols, particularly for stratifying patients requiring intensified monitoring or adjuvant therapies.
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