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Learning objectives

By the end of this journal club, participants will be able to:
1. Describe unruptured intracranial aneurysms and the 

primary imaging modality, CT angiography
2. Be familiar with deep learning and other applications of 

artificial intelligence in imaging
3. Understand future directions of AI tools 



Module Outline

I. Case

II. Background

III. Article Overview

IV. Clinical Questions 

V. Key Points



Case presentation

A 55-year-old female with the ”worst headache of her life” for the past 
hour. She coincidentally had a CTA done the week before as part of a 
research study, which is analyzed while she goes to head CT. Sagittal 
projection is shown below:



Case imaging

Head CT demonstrates the following:

How would you describe the imaging and what is your primary diagnosis?



Case imaging

Head CT demonstrates the following:

Correct! Diffuse hyperdense subarachnoid hemorrhage



Case imaging

Head CT demonstrates the following:

Thankfully, she is sent to surgery, where a small ruptured aneurysm is 
discovered at the branchpoint of posterior communicating and internal carotid 
artery, and successfully treated with clipping



Case questions

1. What is the primary imaging modality of an active subarachnoid 
hemorrhage vs unruptured intracranial aneurysm?

2. How could treatment have changed had CTA been able to identify 
the aneurysm prior to rupture?

3. How could these imaging modalities be improved?
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Unruptured Intracranial Aneurysms

• Dilation/outpouching at branching 
arteries

• Most often saccular (berry) aneurysms
• 3-5% adult population, between 4th and 

6th decade
• Asymptomatic if ≤7 mm
• If rupture → subarachnoid hemorrhage



CTA

• IV contrast in arterial phase
• Used for aneurysms, AVM, 

thrombosis, dissection, stroke 
prior to thrombectomy

• Can identify aneurysms ≥3 mm
• Interpretation can be time-

consuming
• Low interrater agreement



Deep Learning and HeadXNet

• 3-dimensional convolutional 
neural network (CNN), machine-
learning method with high 
performance at image 
recognition

• Used 611 CT scans with clinically 
significant aneurysms to train

• Highlights abnormal areas in red, 
which can be toggled on and off
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Article Specifics

I. Purpose: to evaluate whether deep learning can be used 
to improve clinical performance in CTA interpretation of 
intracranial aneurysms 

II. Journal: JAMA Network Open

III. Study type: crossover study

IV. # cases: 115 examinations

V. Data: presence or absence of at least 1 clinically significant 
aneurysm



Study cohort

• Out of 9455 CTA’s  of head or head and neck performed at Stanford 
University Medical Center between Jan 3, 2003 and May 31, 2017, 
excluded:

• Those with parenchymal hemorrhage, SAH, pseudoaneurysm, AVM, ischemic 
stroke, and vascular findings

• Those with surgical clips, coils, catheters, other surgical hardware
• Those with injuries that were a result of trauma or degraded by motion

• Included:
• Those with non-ruptured, clinically significant (≥3 mm) aneurysms



Study cohort (cont.)



Materials and Methods



Results



Results (cont.)



Discussion

• Statistically significant increases in mean sensitivity, accuracy, 
interrater agreement

• No statistical change in specificity and time to diagnosis 
• Other tools include:

• Bone subtraction
• 3-D rendering of intracranial vasculature
• 2-D CNNs on CT
• Deep learning in MRA



Limitations

• Only non-ruptured aneurysms
• Recall exclusion criteria…

• Those with parenchymal hemorrhage, SAH, pseudoaneurysm, AVM, ischemic 
stroke, and vascular findings

• Those with surgical clips, coils, catheters, other surgical hardware
• Those with injuries that were a result of trauma or degraded by motion

• Bias inherent to task
• Single academic institution
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Clinical questions

• Could this deep learning program have applications apart from 
identifying unruptured intracranial aneurysms?

• How has imaging changed/adapted advanced diagnostic tools in other 
subspecialties in recent years?

• In the setting of unruptured intracranial aneurysms and other 
asymptomatic, incidental findings, how should we establish a 
threshold of imaging?



Key points

• Unruptured intracranial aneurysms often go undiagnosed, especially if 
small and asymptomatic 

• CT Angiography is the primary imaging modality in identifying 
unruptured intracranial aneurysms

• Artificial intelligence tools can be helpful in augmenting diagnostic 
capabilities of CTA
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