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Objective: This study aimed to investigate the feasibility and clinical efficacy of endovascular recanalization in patients with chronic internal 
carotid artery occlusion (CICAO) and explore the application value of computed tomography perfusion (CTP) in endovascular recanalization.
Methods: This non-randomized controlled study included 41 patients with CICAO. All patients received active medical treatment. In 
this study, patients with successful endovascular recanalization and those who refused endovascular recanalization were included in the 
recanalization and medication groups, respectively. Before and 90 days after treatment, cognitive function was evaluated using the 
Montreal Cognitive Function Assessment, and neurological function was evaluated using the National Institutes of Health Stroke Scale 
and modified Rankin scale. For patients with successful endovascular recanalization, brain CTP imaging was performed to evaluate 
hemodynamic changes in patients with CICAO before and three days after treatment.
Results: Overall, 41 symptomatic patients with CICAO were included, and 20 patients received endovascular recanalization therapy, 
with a success rate of 60% (12/20). The perioperative complication rate was 15% (3/20); there were no events such as hyperperfusion, 
distal embolism, vascular rupture, or cerebral hemorrhage, and no stroke-related or death-related events. Patients were divided into 
a medication group (n=21) and recanalization group (n=12). After 90 days of follow-up, patients in the recanalization group showed 
greater improvement in overall cognitive and neurological function. In addition, successful endovascular recanalization significantly 
improved cerebral blood perfusion on the occluded side of patients with CICAO.
Conclusion: Successful recanalization can effectively improve the overall cognitive and neurological functions of patients in the short 
term. CTP can be used to quantitatively evaluate not only the cerebral hemodynamic changes after internal carotid artery occlusion but 
also the improvement of cerebral blood perfusion after successful endovascular recanalization, which provides a reliable method for 
postoperative follow-up.
Keywords: hemodynamics, chronic internal carotid artery occlusion, endovascular recanalization, clinical effect

Introduction
Atherosclerotic stenosis of the internal carotid artery is an important cause of ischemic stroke.1,2 Chronic internal carotid 
artery occlusion (CICAO) is the last stage of atherosclerotic carotid artery stenosis. CICAO is usually considered to have 
been occluded for more than 4 weeks.3–7 Even with the best medical treatment, symptomatic patients with CICAO still 
have an annual stroke recurrence rate of 6–30%.8–10 Additionally, patients with CICAO are prone to low perfusion and 
cognitive dysfunction. Previous studies have shown that the incidence of cognitive impairment in patients with CICAO is 
approximately 1/2–2/3, which is not limited to specific cognitive impairments.11
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After the occlusion of the internal carotid artery, according to the compensation situation, the hemodynamics of the 
intracranial vessels on the occlusive side can be normal or abnormal, and patients with good blood flow compensation can 
appear asymptomatic, while those with poor blood flow compensation are prone to events such as transient ischemic 
attack(TIA), ischemic stroke, chronic ocular ischemia, and cognitive dysfunction.12–15 Brain computed tomography perfusion 
(CTP) imaging, as a cutting-edge technology in the field of CT application, can quantitatively evaluate the perfusion status of 
brain tissue, and perfusion abnormalities can be found 30 min after the occurrence of cerebral ischemic events.16 In the clinical 
studies DIFUSE-III and DAWN, CTP was used to evaluate the core area of infarction and ischemic penumbra, which 
confirmed that endovascular mechanical thrombectomy is still effective within 6–24 hours of acute cerebral infarction.17,18

In the surgical treatment of patients with CICAO, carotid endarterectomy can not only increase cerebral blood 
perfusion but also improve cognitive function. The disadvantage is that large trauma can easily lead to infection and 
treatment is limited to the extracranial vessels.19 The safety and effectiveness of intracranial bypass grafting are 
controversial.20 Endovascular recanalization in the treatment of CICAO has been a research hotspot and difficulty in 
recent years; there is a lack of large-scale clinical randomized trials, and management opinions continue to be 
controversial. Therefore, this aimed to assess the feasibility, safety, and short-term clinical efficacy of endovascular 
recanalization in the treatment of patients with CICAO and explore the application value of CTP in CICAO research.

Methods
Study Population
Patients with symptomatic unilateral CICAO who were hospitalized in the Department of Neurology of the First 
Affiliated Hospital of Guangxi Medical University between July 2021 and January 2022 were included in the study. 
CICAO defined as occlusion of the internal carotid artery beyond the acute phase and at least 4 weeks from the date of 
initial diagnosis. Inclusion criteria were as follows: age >18 years with complete internal carotid artery occlusion 
confirmed by digital subtraction angiography (DSA). The exclusion criteria were as follows: ipsilateral middle cerebral 
artery occlusion or severe stenosis; severe neurological dysfunction (modified Rankin scale [mRS] score ≥4); life 
expectancy <1 year due to other medical conditions; dementia, depression, Parkinson’s disease, or multiple sclerosis; 
arteriovenous malformations or cerebral aneurysms; recent history of intracranial hemorrhage; and use of antiplatelet 
drugs. The clinical and imaging data of all patients were gathered in detail.

All patients received aggressive medical treatment including dual antiplatelet therapy, intensive lipid-lowering 
therapy, and risk factor management. Endovascular recanalization was performed after informed consent was obtained 
from the patient and his family. For patients with successful endovascular recanalization, CTP examination was 
performed within three days to further evaluate the effect of endovascular recanalization on hemodynamic changes. 
Patients were divided into two groups: those with successful endovascular recanalization were included in the recana-
lization group, and those who refused endovascular recanalization therapy were included in the medication group. Prior 
to the 90-day follow-up, patient carotid patency will be assessed by vascular ultrasound or CTA. This study prospectively 
followed the changes in global cognitive function and neurological function in the two groups before and 90 days after 
treatment as an index to evaluate the clinical efficacy of endovascular recanalization on CICAO. This study was 
conducted in accordance with the Declaration of Helsinki and approved by the First Affiliated Hospital of Guangxi 
Medical University Ethical Review Committee. Approval Number: 2023-E039-01.

Cognitive Function and Neurological Function Assessment
The Montreal Cognitive Function Assessment (MoCA) scale was used to score cognitive function, including eight cognitive 
areas: visual space and executive function, naming, memory, attention, language, abstraction, delayed recall, and orientation. 
The maximum score is 30, and the higher the score, the higher the cognitive function.21 Neurological impairment was assessed 
by using the National Institutes of Health Stroke Scale (NIHSS). The highest possible score is 42, and the higher the score, the 
more severe the neurological impairment.22 The activities of daily living of the patients were evaluated using the mRS.
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Endovascular Recanalization Procedures
All procedures were performed under general anesthesia by two qualified interventional neuroradiologist. After vascular 
access was achieved, intravenous heparin was administered via a bolus (75 U/kg), followed by half that dose 1 hour later. If the 
procedure lasted longer than 2 h, a quarter of the initial dose was administered every hour thereafter. The guide catheter was 
advanced into the internal carotid artery as high as possible by vessel tortuosity. Under roadmap guidance, a 200cm microwire 
(Synchro-14) was advanced coaxially through the 150cm microcatheter (Excelsior SL-10) to traverse the occluded segment. 
When there was a large hard vascular plaque at the beginning of the internal carotid artery, which made the microwire and 
microcatheter unable to pass through, the tail end of the 0.035-inch angiographic guide wire was used to carefully try to 
penetrate it. The microwire was then withdrawn and the microcatheter was injected with contrast medium to verify that the tip 
of the microcatheter was located in the true distal lumen. The procedure was terminated if multiple attempts were tried and the 
microcatheter/microwire system could not cross the occluded segments and enter the true lumen distally.

After steering into the true lumen, the location of the microcatheter/microwire system was directed to the occlusion. 
Subsequently, an exchange length microwire was placed in the correct anchoring position, followed by the removal of the 
microcatheter. A balloon angioplasty (Gateway, 1.5–3.5mm, Stryker Neurovascular) was performed over the exchange 
microwire to across the occlusion. The balloon was selected according to the diameter of the proximal segment adjacent 
to the lesion and the estimated length of the occluded segment. For safety reasons, the maximum diameter of the 
predilated balloon was less than 80% of the estimated diameter of the lesion, and the balloon length was as short as 
possible but at least covering the lesion length. Angiography was performed to evaluate the degree of residual stenosis 
and anterograde blood flow after balloon dilatation to determine the need for endovascular stent implantation. If stent 
implantation was required, the stent (Precise, Stryker Neurovascular, Florida, USA; Neuroform EZ, Stryker 
Neurovascular, Cork, Ireland;) was deployed across the occlusion. Stent size was determined based on the proximal 
and distal diameters of the lesion, as well as the length of the occluded segment. Postprocedural angiography was 
performed to confirm patency and to assess residual stenosis and antegrade flow (Figure 1). Technical success was 
defined as vessel recanalization with modified TICI grade 2b or 3 and residual stenosis of <50%.23

Brian CTP Imaging
Using Siemens SOMATOM Force open-source CT equipment for inspection, the scanning parameters were as follows: 
voltage=70 kV, current=100 mAs, scanning time=45.45 s, delay time=2 s, layer thickness=5 mm, collimation=192×0.6 mm, 
and obtain 1050 initial images. During the rapid injection of nonionic iodine contrast medium (50 mL) into the anterior 
elbow vein, continuous CT scans were performed at the blood supply areas of the bilateral middle cerebral artery (MCA), 
anterior cerebral artery (ACA), and bilateral cerebellar hemispheres, and the time-density curve of the region of interest was 
obtained. Finally, post-processing was carried out using the Siemens workstation automatic perfusion software syngo.via 
(For Force-76159). The deconvolution model was used as the algorithm, and various perfusion parameters were calculated: 
cerebral blood flow (CBF), cerebral blood volume (CBV), mean transit time (MTT), and time to top (T-Max).

Statistical Analysis
IBM SPSS Statistics 26.0 software was used for statistical analysis. Counting data are presented as rate and percentage (%), and 
Fisher’s test was used to compare between groups. The measurement data were continuous variables, and the continuous data with 
normal distribution were expressed as mean (X) and standard deviation (s). Paired sample t-test or independent sample t-test was 
used for comparison between groups. Continuous data with non-normal distribution are presented as the median (M) and quartile 
spacing (IQR), and the Mann–Whitney U-test was used for inter-group comparisons. Statistical significance was set at P < 0.05.

Results
Patient Baseline Features
Forty-one patients with symptomatic unilateral CICAO from July 2021 to January 2022 were included. 20 patients 
agreed to undergo cerebrovascular recanalization; 21 patients refused to undergo endovascular recanalization.
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The success rate of endovascular recanalization was 60% (12/20), and the incidence of perioperative complications was 15% 
(3/20) in the recanalization group, including one case of carotid sinus reaction and two cases of cavernous sinus fistula. Patients 
with cavernous sinus fistula will undergo a second operation to block the fistula. Postoperative neurological function scores in 
patients with spongy sinus fistula were consistent with preoperative scores. Patients who experienced carotid sinus reactions 
recovered rapidly to preoperative status. At 90-day follow-up, no patients in the recanalization group experienced re-occlusion.

There were no events such as hyperperfusion, distal embolization, vascular rupture, and cerebral hemorrhage. There were no 
strokes or death-related events, and there were no significant differences in education level, collateral circulation grade, MoCA 
score, NIHSS score, mRS, or baseline data between the two groups. The baseline data for all patients are shown in Table 1.

Short-Term Prognosis
The overall cognitive and neurological functions improved after 90 days in the endovascular recanalization and 
medication groups. However, compared to the medication group, the endovascular recanalization group benefited more 
from overall cognitive and neurological functions. Compared with the medication group, the recanalization group had 

Figure 1 Representative case. Digital subtraction angiography showed occlusion of the left internal carotid artery with a conical stump (A and B). Digital subtraction 
angiography indicates the opening of anterior communicating artery (C). Microwire and microcatheter passed through the occlusive segment (D). Microwire and 
microcatheter reach M1 segment of left middle cerebral artery (MCA) (E). Microcatheter angiography was used to verify that the tip of the microcatheter was located 
in the real distal cavity (F). Balloon dilation procedure (G). Digital subtraction angiography indicated the left internal carotid artery was successfully recanalized, achieving 
a TICI grade of 3 (H–I).
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a higher MoCA score (24.3±2.0 vs 22.5±2.6, p<0.05) and lower mRS (1[0–1.8] vs 2 [1.0–2.5], p=0.026) and NHISS 
scores (0 [0–1.5] vs 1 [0–5.0], p=0.031). The details are listed in Table 1.

Changes in Hemodynamics
Of the 12 patients with successful endovascular recanalization, 10 patients completed the CTP examination before and 
after surgery, and the hemodynamic performance of the blood supply area of the middle cerebral artery (MCA), perfusion 
delay on the occlusive side before endovascular recanalization, and cerebral blood volume (CBV) did not decrease 
significantly. Before endovascular recanalization, there was no significant increase in CBV (3.63±0.55 vs 3.48±0.69, 
p=0.476) between the occlusive side and the normal side, while cerebral blood flow (CBF) decreased (54.91±10.20 vs 
61.69±15.35, p=0.037), mean transit time (MTT) was prolonged (5.04±0.98 vs 3.78 ±0.40, p=0.001) and T-Max was 
prolonged (4.31±1.44 vs 1.68±0.66, p=0.000).The details are shown in Table 2 and Figure 2.

After endovascular recanalization, the hemodynamics of the occlusive side were significantly improved. There was no 
significant difference in CBV (3.63±0.55 vs 4.25±0.84, p=0.017), CBF (54.91±10.20 vs 72.00±8.41, p= 0.002), MTT 
(5.04±0.98 vs 3.81±0.45, p= 0.006), or T-Max (4.31±1.44 vs 2.27 ± 1.18, p= 0.002) between the occlusive side and the 
normal side after endovascular recanalization, and there was no significant difference in bilateral cerebral blood perfusion 
(Table 2). Successful endovascular recanalization can effectively improve delayed perfusion of the MCA on the occluded 
side and increase cerebral blood perfusion.

Similar to the blood supply area of the MCA before recanalization, the hemodynamics of the blood supply area of the 
ACA also showed delayed perfusion on the occluded side, and the blood volume did not decrease significantly. Before 
endovascular recanalization, there was no significant increase in CBV (3.34±0.56 vs 3.27±0.56, p=0.596) between the 
occlusive side and the normal side, while CBF (52.74±6.64 vs 61.01±12.20, p=0.066) decreased and MTT (4.68±0.80 vs 

Table 1 Baseline Clinical Variables

Variable Recanalization Group (n=12) Medication Group (n=21) p value

Male (%) 9(75.0) 17(81.0) 0.686
Age (years) 61.3±8.4 62.8±9.3 0.646

Education (years) 10.5(6.8–12.0) 12.0(7.5–14.0) 0.684

Risk factors.
Hypertension (%) 10(83.3) 15(71.4) 0.678

Diabetes (%) 4(33.3) 4(19.0) 0.420

Coronary Artery Disease (%) 1(8.3) 0(0.0) 0.364
Hyperlipidemia (%) 3(25.0) 1(4.8) 0.125

Hyperuricemia (%) 3(25.0) 2(10.0) 0.338
Smoker (%) 8(66.7) 11(52.4) 0.486

Alcohol user (%) 5(41.7) 9(42.9) 1.000

Left occlusion (%) 7(58.3) 14(66.7) 0.716
Collateral circulation grade 2(1–2) 2(2–3) 0.886

Unilateral Clinical Symptoms 0.125

Ischemic stroke (%) 6(50.0) 16(76.2)
TIA(%) 2(16.7) 4(19.0)

Dizziness/Headache (%) 4(33.3) 1(4.8)

MoCA Before Treatment 22.7±2.4 22.3±2.8 0.728
MoCA 90 days 24.3±2.0 22.5±2.6 0.047

mRS Before Treatment 1.5((1.0–2.0) 2.0(1.0–2.5) 0.628

mRS After 90 days 1(0–1.8) 2(1.0–2.5) 0.026
NIHSS Before Treatment 1(0–3.5) 1(0.5–5.0) 0.345

NIHSS After 90 days 0 (0–1.5) 1(0–5.0) 0.031

Notes: Smoker: individuals who smoked any tobacco in the past 12 months. Alcohol user: current users of any form of alcoholic 
drinks. Collateral circulation: Evaluation by ASITN/SIR grade. 
Abbreviations: TIA, transient ischemic attack; MoCA, Montreal cognitive function assessment; NIHSS, national institutes of health 
stroke scale; mRS, modified Rankin scale.
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3.74±0.43, p= 0.004) and T-Max (3.07±1.40 vs 1.78±0.70, p=0.019) were prolonged. After endovascular recanalization, 
the cerebral hemodynamics on the occlusive side significantly improved. CTP showed no significant difference in CBV, 
CBF, MTT, or T-Max in the bilateral anterior cerebral arteries after recanalization. Successful endovascular recanaliza-
tion can effectively improve delayed perfusion of the ACA on the occlusive side and increase cerebral blood perfusion, 
as shown in Table 3 and Figure 3.

Table 2 Perfusion of the Middle Cerebral Artery

Variable CBV (mL/100g) CBF (mL/100mL/min) MTT (s) T-Max (s)

Occlusive 
Side

Normal 
Side

Occlusive 
Side

Normal 
Side

Occlusive 
Side

Normal 
Side

Occlusive 
Side

Normal 
Side

Before 3.63±0.55 3.48±0.69 54.91±10.20* 61.69±15.35 5.04±0.98** 3.78±0.40 4.31±1.44** 1.68±0.66

After 4.25±0.84Δ 3.70±0.61 72.00±8.41ΔΔ 67.40±14.62 3.81± 0.45ΔΔ 3.72±0.40 2.27± 1.18ΔΔ 1.94±0.85

Notes: Comparison between occlusive side and normal side before recanalization: **p<0.01, *p<0.05; Comparison before and after recanalization: ΔΔp<0.01, Δp<0.05. 
Abbreviations: CBV, cerebral blood volume; CBF, cerebral blood flow; MTT, mean transit time; T-Max, time to top.

Figure 2 Preoperative and postoperative hemodynamics changes in the blood supply area of the middle cerebral artery (MCA) on the same side of the occlusion. Change in 
cerebral blood volume (CBV) (A), change in cerebral blood flow (CBF) (B), change in mean transit time (MTT) (C), change in time to top (T-Max) (D).
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There was no significant difference in cerebral hemodynamics in the bilateral cerebellar hemispheres before and after 
the operation, and endovascular recanalization did not affect blood supply to the cerebellar hemispheres. The details are 
listed in Table 4.

Discussion
This non-randomized, non-double blinded cohort study aimed to explore the feasibility and clinical efficacy of 
endovascular recanalization in patients with CICAO. The results of this study show that endovascular recanalization is 

Table 3 Perfusion of the Anterior Cerebral Artery

Variable CBV (mL/100g) CBF (mL/100mL/min) MTT (s) T-Max (s)

Occlusive 
Side

Normal 
Side

Occlusive 
Side

Normal 
Side

Occlusive 
Side

Normal 
Side

Occlusive 
Side

Normal 
Side

Before 3.34±0.56 3.27±0.56 52.74±6.64 61.01±12.20 4.68±0.80** 3.74±0.43 3.07±1.40** 1.78±0.70
After 3.91±0.61 3.58±0.31 68.31±12.23ΔΔ 65.73±11.45 3.58± 0.38ΔΔ 3.57±0.56 1.62± 0.41ΔΔ 1.77±0.49

Notes: Comparison between occlusive side and normal side before recanalization: **p<0.01; Comparison before and after recanalization: ΔΔp<0.01. 
Abbreviations: CBV, cerebral blood volume; CBF, cerebral blood flow; MTT, mean transit time; T-Max, time to top.

Figure 3 Preoperative and postoperative hemodynamics changes in the blood supply area of the anterior cerebral artery (ACA) on the same side of the occlusion. Change 
in cerebral blood volume (CBV) (A), change in cerebral blood flow (CBF) (B), change in mean transit time (MTT) (C), change in time to top (T-Max) (D).
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feasible for patients with symptomatic CICAO and can improve their short-term overall cognitive and neurological 
functions. In addition, as a cutting-edge technology in the application of CT, CTP can not only be used to evaluate the 
perfusion of CICAO patients, but also to prove the effectiveness of endovascular recanalization and provide more reliable 
clinical indicators for postoperative follow-up.

According to an epidemiological analysis based on White Americans abroad, the incidence of symptomatic internal carotid 
artery occlusion (ICAO) is approximately 6 per 100,000 individuals.24 However, the incidence of asymptomatic ICAO 
remains unclear. Most cases are accidentally found during physical examination, and the prevalence rate is theoretically 
higher.25,26 In a long-term follow-up based on ICAO, it was found that the stroke recurrence rate was 8% at 30 days, 10% at 
1 year, and 14% at 5 years.9 At present, there is a great controversy about endovascular recanalization in patients with CICAO 
at home and abroad; however, recent studies have shown that endovascular recanalization in the treatment of symptomatic 
CICAO patients is safe and feasible, although the operation has certain risks and adverse events.3,7,27–30 The technical success 
rate in this study was 60% (12/20). Similar to previous studies, failure to obtain a true ICA true lumen was the main reason for 
the failure of the technique.7 Severe vascular calcification or excessive thrombus load may be the cause of operation failure.31 

All the patients with successful recanalization achieved good cerebral blood perfusion. The incidence of perioperative 
complications was 15% (3/20), including one case of carotid sinus reaction and two cases of cavernous fistula. There were 
no complications such as high perfusion, distal embolization, vascular rupture, stroke events, or death-related events. A meta- 
analysis published in the International Journal in July 2021 searched the PubMed/MEDLINE and EMBASE databases and 
included eight cohort studies on CICAO until January 2, 2020. A total of 276 patients had CICAO; 18.9% were women, with 
an average age of 64.3 years, a perioperative mortality rate of 1.64%, and an early stroke incidence of 3.3%. The average 
follow-up period was 23.4 months (0.25–84 months), the late mortality rate was 1.89% (5/265), the stroke incidence rate was 
3.4% (9/265), and the procedural success rate was 66.9%.32 The reasons for the significant differences in the success rate of 
interventional recanalization and the incidence of complications in different centers are complex, including the technical level 
of the operator, the material technology at that time, the duration of vascular occlusion, and the length of vascular occlusion. It 
also indicates that each center has different criteria for recanalization. Generally, it is safe and feasible to perform endovascular 
recanalization of CICAO at the existing technical level and facilities.

In this study, all patients received aggressive medical treatment, including dual antiplatelet therapy, intensive lipid- 
lowering therapy, and risk factor management. Patients with successful endovascular recanalization were included in the 
recanalization group, and patients without surgery were classified into the medication group. There were no significant 
differences in education level, collateral circulation grade, MoCA score, NIHSS score, mRS score, and baseline data 
between the two groups. After 90 days, the overall cognitive function and neurological function of both groups improved 
compared to those at admission, but the benefit was greater in the recanalization group. Technical success rate of this 
study was similar to that in some related reports. In the study by Fan et al, 40 patients with symptomatic CICAO were 
randomly divided into an endovascular recanalization group (n=18) and a drug treatment group (n=22). In this study, the 
recanalization success rate was 88.9% (16/18 patients). After 3 and 6 months of follow-up, successful carotid artery stent 
implantation improved nervous system function and overall cognitive function better than the medication group.3 Our 
results are similar. In the RECON study, the results showed that there were no significant differences in cognitive 
function between extracranial-intracranial vascular bypass therapy and medical drug therapy during a 2-year follow-up.33 

Zanaty et al suggested that bypass surgery cannot improve the cognitive function of patients with CICAO because it only 
improves the cerebral blood perfusion of the blood supply area of the MCA; it cannot provide sufficient blood perfusion 
to the ipsilateral ACA and the surrounding watershed area, resulting in insufficient perfusion on the medial side of the 

Table 4 Perfusion of the Cerebellar Hemisphere

Variable CBV (mL/100g) CBF (mL/100mL/min) MTT (s) T-Max (s)

Left Right Left Right Left Right Left Right

Before 3.91±0.41 3.77±0.44 55.73±8.23 60.80±5.80 4.08±0.89 4.31±0.78 1.82±0.93 1.98±0.70

After 3.67±0.34 3.56±0.48 58.58±9.09 59.19±8.70 3.58±0.60 3.99±0.55 2.17±0.73 2.11±0.50

Abbreviations: CBV, cerebral blood volume; CBF, cerebral blood flow; MTT, mean transit time; T-Max, time to top.
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cerebral hemisphere, especially the limbic lobe system.6 Compared to bypass surgery, endovascular recanalization can 
improve blood perfusion in the entire cerebral hemisphere, which is an obvious advantage. Although endovascular 
recanalization can significantly improve the overall cognitive and neurological functions of patients with CICAO in the 
near future, larger samples and long-term follow-up studies are needed to confirm this finding.

In our study, 10 of the 12 patients with successful recanalization underwent CTP examination before and after 
surgery. The results of the preoperative CTP examination showed that the CBV of the occlusive hemisphere did not 
decrease significantly but was compensated to a certain extent. Good lateral compensation may be an important reason 
for the absence of symptoms in most patients with CICAO and is also an important factor for good prognosis in patients 
with symptomatic CICAO.34,35 In our study, delayed cerebral blood flow perfusion was found in all 10 patients before 
occlusion, which was characterized by decreased CBF and increased MTT and T-Max. After successful recanalization, 
the perfusion delay on the occlusive side was significantly improved and was similar to that on the healthy side, which 
indicated that successful endovascular recanalization could effectively improve the hemodynamics on the occlusive side 
(Figures 4 and 5). Zanaty et al compared the CTP images of 5 patients with successful recanalization of CICAO before 
and after operation. The results showed that hypoperfusion on the occlusive side was reversed. Our results are similar.

Figure 4 Representative case. Preoperative computed tomography perfusion (CTP) imaging of a 65-year-old male patient with repeated weakness of the right limb for more 
than 2 months. The cerebral blood volume (CBV) of bilateral cerebral hemispheres is equivalent (A–C), the cerebral blood flow (CBF) of bilateral cerebral hemispheres is 
equivalent (D–F), the mean transit time (MTT) of the left cerebral hemisphere is longer than that of the right (G–I), and the time to top (T-Max) of the left cerebral 
hemisphere is longer than that of the right (J–L).
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The results of this study not only compare the perfusion images directly but also measure the specific numerical 
changes in detail. This is a rare result in previous studies, in which the perfusion of bilateral cerebellar hemispheres was 
also analyzed, and the results showed that endovascular recanalization did not affect the blood supply of the posterior 
circulation. This result was expected. After ICAO, the mode of compensation is not limited to compensatory blood 
supply through the posterior communicating artery, but also to other secondary compensatory modes, especially the 
anterior communicating artery and ophthalmic artery, as well as the leptomeninges artery, and the establishment of 

Figure 5 The same patient as Figure 4. Postoperative computed tomography perfusion (CTP) imaging showed that there was no significant difference in bilateral cerebral 
blood volume (CBV) (A–C), cerebral blood flow (CBF) (D–F), mean transit time (MTT) (G–I) and time to top (T-Max) (J–L).
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collateral branches takes some time.36–38 Several parameters of CBF, CBV, MTT, and T-Max in CTP images can provide 
hemodynamic information of ischemic areas in different aspects, but due to different CT equipment and image post- 
processing methods, there may be great individual differences in perfusion parameters.39–41 This study showed that CTP 
could not only be used to evaluate the perfusion status of patients with CICAO but also be a reliable imaging evaluation 
method for the follow-up study of these patients.

This study had several limitations. First, this was a single-center study with a limited sample size of patients, which 
may result in type II errors. More cases need to be included in the future. Second, our study is not completely random and 
double-blinded, the follow-up period is too short, the follow-up evaluation depends on the subjectivity of the examiners, 
and there may be deviations in the follow-up process, all of which may affect the results to a certain extent. Third, 
without the support of DSA or CT angiography data during the follow-up, we cannot know whether there is restenosis or 
occlusion of the occluded vessels. Fourth, our hospital has only conducted a small number of cases of endovascular 
recanalization treatment for CICAO, therefore there may be some lack of experience, but with the accumulation of 
experience and cases, the foundation has been laid for our in-depth follow-up study.

Conclusions
Although endovascular recanalization has some risks in the treatment of patients with CICAO, it is generally feasible. 
Successful recanalization can effectively improve the overall cognitive and neurological functions of patients in the short 
term, but the long-term effects remain to be further investigated. CTP can be used to quantitatively evaluate not only the 
cerebral hemodynamic changes after ICAO, but also the improvement of cerebral blood perfusion after successful 
endovascular recanalization, which provides a reliable method for postoperative follow-up.
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