




The restoration of blood flow to the tissue can be
achieved by opening the embolic artery. An essential
aim of acute treatment of brain infarction is to restrict
the size of the infarct by a rapid and permanent recanali-
zation of the obstructed artery. Primary imaging
methods for the acute ischemic stroke are non-contrast
computed tomography (NCCT), CT perfusion (CTP),
and CT angiography (CTA). The advantage of CT-based
methods is that they are rapid and more widely available
than MRI in the emergency setting.

The NCCT imaging must be performed as soon as
possible after the stroke code has been activated [2].
NCCT is highly sensitive for the depiction of
hemorrhagic lesions [3] or other NCCT visible mimics
of the stroke. The crucial role of NCCT is also the de-
tection of ischemic signs of established ischemic lesion.
The main NCCT finding is a cortical-subcortical hypoat-
tenuating area within a vascular territory. It is, however,
well-known that NCCT has a relatively low sensitivity in
the first 24 h, especially within the limited (3–6 h) time
window for thrombolytic treatment [4].

The extension of the acute infarct is typically esti-
mated from CT perfusion parameters (mean transit
time, cerebral blood volume, and cerebral blood flow).
In CTP, alterations in cerebral blood flow and volume
can be seen in the acute stroke patients. However, many
multi-detector scanners still offer limited coverage for
CTP of the brain which is often stated as a drawback of
CTP. Newer 256-slice scanners can provide whole-brain
coverage, and in the next few years this coverage will
most likely be widely available [4]. CTP implies a rela-
tively high radiation exposure and coarser resolution
and thicker slices when compared, for example, to CTA.

Using CTA, it is possible to demonstrate the anatomy
of the aortic arch, carotid, and cerebral arteries, the
presence of stenosis or thrombus of carotid or cerebral
arteries. In addition, an impression of the functioning
collateral network is obtained. Hypoattenuation in CTA
source images (CTA-SI) showing a lack of enhancement
provides an estimate of the cerebral blood flow reduc-
tion, whereas the NCCT allows to assess changes in
brain tissue water content. In comparison, CTP is per-
formed by monitoring only the first pass of an iodin-
ated contrast agent bolus through the cerebral
circulation [5]. Interestingly, CTA-SI can provide an-
other way, complementary to CTP, to evaluate the size
of acute infarct [6, 7], even though this method is not
typically used in clinical practice. CTA detects the re-
gions of the brain with hypoattenuation due to long de-
lays in contrast arrival to the ischemic brain tissue. It
has been discussed in several studies (e.g.,[8]) about
CTA correlating more with a CTP cerebral blood flow
map (penumbra and core) than with the corresponding
cerebral blood volume map [8].

Among the CT techniques, CTA has multiple advan-
tages. It is highly specific and more sensitive than NCCT
in the detection of early irreversible ischemia [9]. In
addition, it provides the possibility to evaluate the whole
brain vasculature which is not available with CT perfu-
sion. The clinical outcome following the recanalization
has been discussed in other studies, and it is believed to
be strongly dependent on the extent of the pretreatment
infarct lesion volume [10]. The total stroke lesion vol-
ume can be used as a predictor of treatment efficacy. A
pre-treatment infarct volume lower than 70 cm3 can be
set as threshold for predicting a good clinical response
to reperfusion [11].

Applying artificial intelligence to stroke sign detection
can potentially aid in diagnosis or predicting prognosis
[12]. One of the motivations in applying machine learning
and deep learning methods to medical images is the auto-
matic extraction of non-trivial and non-linear features
from the imaging data. These features can then be applied
for example in tissue classification or lesion volumetry. If
the imaging data are inherently three-dimensional (3D), it
is natural to use methods based on 3D features. One such
AI algorithm family is 3D convolutional neural networks
(CNNs). They increase computational costs and hardware
requirements compared to their two-dimensional counter-
parts. However, parallel processing, especially utilization
of graphics processing units, as well as the recent advance-
ment in deep learning algorithms, have allowed 3D
CNN-based software tools to take further steps toward
clinical deployment.

CNNs and their application in medical imaging have
been discussed in length by other researchers [13–15]. A
review of AI application areas in stroke imaging have
been written by Lee et al. [12]. Recently, Lisowska et al.
[16] studied the detection of dense vessels and of ische-
mia from NCCT images using CNNs.

An automatic tool to detect infarcted regions from
brain CTA-SI could aid in diagnosis and evaluate the in-
farct extent or volume.

This study had two aims: (1) to investigate if using a 3D
CNN is feasible for detecting and segmenting hypoattenu-
ated regions in CTA-SI of stroke patients; and (2) to inves-
tigate if analysis performance can be improved by
including NCCT and information from contralateral
hemisphere as inputs to the neural network. The training
and evaluation of the networks were based on manual seg-
mentations of the hypoattenuated regions. This is the first
study investigating the application of 3D CNN on CTA-SI
for acute ischemic stroke lesion detection.

Methods
Subjects and imaging parameters
The clinical and imaging findings of the consecutive
stroke suspected cases of the middle cerebral artery or/
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