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Patients with large vessel occlusions (LVOs) suffer from severe disability. Mechanical thrombectomy (MT) is known 
to significantly improve functional outcomes in patients suffering from LVOs. Accurate and prompt identification of 
LVOs plays a crucial role in subsequent timely reperfusion therapy.  

Automated tools to identify LVOs on computed tomography angiogram (CTA) and post-processing of computed 
tomography perfusion (CTP) to identify ischemic core / penumbra has the potential to assist radiologists in accurate 
and timely diagnosis of LVOs. The accuracy of these tools may potentially be affected by factors including scanning 
machine, contrast protocol and characteristics of patients such as increased prevalence of intracranial 
atherosclerosis in the Chinese population.

The aim of this study was therefore to evaluate the accuracy of an automated tool (RAPID LVO) in detection of LVOs, 
and whether addition of an automated tool for processing CT perfusion (RAPID CTP) would further improve the 
accuracy in detecting LVOs.

Introduction1

STUDY POPULATION
• Consecutive patients who presented to Prince of 

Wales Hospital between January 1, 2022 and June 30, 
2024 for suspected acute ischemic stroke and met the 
following inclusion criteria were retrospectively 
identified from the Radiology Information System (RIS):

• Patient above 18 years of age
• Underwent both CTA and CTP within 24 hours 

of symptom onset or last seen well

IMAGE ACQUSITION
• Patients were scanned on a 256-slice multi-detector 

CT (SOMATOM Definition Flash, Siemens Healthcare, 
Forchheim, Germany)

• CT perfusion: Intravenous injection of 40mL of non-
ionic contrast agent (Omnipaque 350) at 5mL/s, 
followed by a saline flush of 30mL at 5mL/s

• CT angiogram: Then performed with 60mL of the 
same non-ionic contrast agent injected at a rate of 
4mL/s, followed by a saline flush of 30mL at 4mL/s

DEFINITION OF LVOs
• Occlusions in the anterior circulation involving either 

the intracranial ICA and / or M1 segment of the MCA
• Intracranial ICA: Petrous to terminal 

segments of the ICA
• M1 segment of the MCA: From the origin of 

the MCA up to its bifurcation / trifurcation 
(excluding small anterior temporal artery)

• Posterior circulation occlusions (including vertebral 
and basilar artery) and medium vessel occlusions 
(MeVOs, including M2 regardless of their dominance) 
were not included as LVOs.

IMAGE ANALYSIS AND RAPID AI
• Presence, site and laterality of an LVO and / or 

occlusions of other intracranial vessels were 
extracted from the radiology report with the 
images reviewed.

• CTA and CTP data was imported into an automated 
tool (RAPID LVO and RAPID CTP, RAPID 5.5.1, 
iSchemaView, Melo Park, CA) for analysis.

• RAPID LVO: Presence and laterality of an 
LVO was recorded

• RAPID CTP: Images were reviewed and 
deemed to be positive if a large perfusion 
defect confined to a single ICA / MCA 
territory was identified.

Methods2
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Total of 108 consecutive patients meeting the inclusion criteria were 
included in the study, including 50 patients with LVO identified. 

Among the 50 patients with LVOs, 25 patients had an intracranial ICA 
occlusion, and 25 patients had an occlusion at the M1 segment of the MCA.

RAPID LVO
RAPID LVO correctly identified 45/50 (90.0%) patients with an 
LVO, yielding a sensitivity of 0.90 (95% CI, 0.72 – 0.97). 

Among the 43 patients without LVO or M2 occlusions, RAPID 
LVO correctly identified the absence of an LVO in 37/43 (86.0%) 
patients, yielding a specificity of 0.86 (95% CI, 0.72 – 0.95).
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RAPID LVO + RAPID CTP
Combining the results from RAPID LVO and RAPID CTP enabled 
identification of an LVO in 50/50 patients yielding a sensitivity of 
1.0 (95% CI, 0.93 – 1.0)

When only large perfusion defects confined to a single ICA / MCA 
vascular territory were considered, a specificity of 0.86 (95% CI, 
0.72-0.95) was maintained.
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Figure 2. Example of false negative detected by RAPID LVO but correctly 
identified when combined results of RAPID LVO and CTP are considered. 
A. Axial images of CTA demonstrates occlusion of the intracranial left 
ICA (red arrow) B. Coronal MIP images of CTA demonstrates 
reconstitution of the left MCA by crossflow (red arrowhead) with 
relatively diminished opacification. 
C. RAPID LVO failed to identify the LVO. D. RAPID CTP software 
demonstrated a significant ischemic penumbra conforming to the left 
MCA territory and deemed to be true positive for LVO by the radiologist.

True positive: RAPID LVO and CTP False negative: RAPID LVO

Figure 1. Example of true positive LVO detected by RAPID LVO and CTP. 
A. Coronal maximum intensity projection (MIP) images of CTA 
demonstrates occlusion at the M1 segment of the right MCA (red arrow) 
B. RAPID LVO software output correctly identifies the presence and 
laterality of the right M1 occlusion (red circle). 
C. RAPID CTP software output demonstrates a large ischemic 
penumbra in the right MCA territory, deemed to be true positive for 
LVO by the radiologist.
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Figure 3. 79 years old presented with left hemiplegia, with 
underlying impaired cardiac function due to a large ASD. CTA 
demonstrates right M1 occlusion with generalized poor 
opacification of the intracranial vasculature (not shown). 
A and B. Both RAPID LVO and RAPID CTP demonstrates a 
warning regarding the suboptimal image quality (red arrows). 
RAPID LVO remains capable of identifying the LVO (red circle) 
whereas RAPID CTP is unable to demonstrate any ischemic 
core or penumbra. 
C. The arterial time-attenuation curve (white arrow) shows 
abnormal flattening and absence of a well-defined peak.
D. Normal arterial time-attenuation curve (white arrowhead) 
is demonstrated for comparison.

Pitfalls: Watch out for suboptimal image quality!

Figure 4. 65 years old man presenting with tetraplegia. 
A. CTB demonstrates hyperdense appearances of the basilar artery 
(red arrow) with CTA demonstrating occlusion of the basilar artery 
(not shown). 
B and C. RAPID LVO appropriately identifies the absence of a LVO 
in the intracranial ICA and M1. RAPID CTP demonstrates a large 
ischemic penumbra in the posterior circulation involving the 
bilateral occipital lobes, bilateral cerebellar hemispheres and 
brainstem allowing the radiologist to focus attention on the 
posterior circulation to scrutinize for any occlusion. 
D. Digital subtraction angiography confirms presence of an 
occlusion of the basilar artery.

RAPID CTP: Beyond LVOs – Posterior circulation RAPID CTP: Beyond LVOs – MeVOs

Figure 5. 66 years old lady presenting with right sided weakness and 
right hemineglect. 
A. Sagittal MIP images of CTA demonstrates an occlusion at a distal left 
M2 branch (red arrow).
B and C. RAPID LVO appropriately identifies the absence of a LVO in 
the intracranial ICA and M1 whereas RAPID CTP demonstrates an 
ischemic core and perfusion defect in the left perirolandic region. The 
location of the perfusion defect prompts the radiologist to 
meticulously scrutinize the branches of the left MCA for identification 
of MeVOs. Intravenous thrombolysis was subsequently administered 
for the patient after the diagnosis was confirmed.

Solid neuroradiology understanding allows full utilization 
of RAPID CTP results beyond detection of LVOs
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RAPID LVO alone demonstrated a reasonable 
sensitivity (0.90) and negative predictive value (0.88). 
When the combined results of RAPID LVO and RAPID 
CTP were considered, the sensitivity (1.0) and 
negative predictive value (1.0) was excellent while 
specificity (0.86) was maintained.

Although the post-processing of CTP data is 
automated by RAPID CTP, interpretation of the RAPID 
CTP results still requires input from the radiologist 
and therefore appropriate training in neuroradiology 
remains mandatory.

Radiologists should be aware of the inherent 
limitations of RAPID LVO algorithm, including its 
inability to detect posterior circulation occlusion and 
MeVOs.

Appropriate utilization of RAPID CTP may also heighten 
the awareness of the radiologist for detection of these 
conditions which are also of paramount significance.

Diligent review of the image quality and relevant 
warnings generated by RAPID LVO and RAPID CTP 
algorithms should be performed prior to interpretation 
of the images to avoid misleading results from 
technically inadequate studies.

Limitations of this study includes its retrospective 
nature with the study population based on a cohort 
from a single-center. 

In conclusion, the combination of RAPID LVO and RAPID 
CTP provides an excellent tool to assist radiologists in 
accurate and timely identification of LVOs.

Practical approach to interpreting RAPID LVO and CTP
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