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Abstract

Good collateral circulation flow is a promising outcome for ischemic stroke
patients. Collateral circulation is the vessels that flow in parallel to each other,
perfusing the same target tissue. Different patients are shown to have different
statuses of collateral. Good collateral circulation is expected to give significantly
better clinical outcomes for stroke patients including acute stroke patients who
underwent thrombectomy. Modern multimodal imaging techniques have
encouraged neuroradiology to assess collateral flow. This paper presents the
basic overview of CBCT technology and compares the usefulness of Cone
Beam Computed Tomography (CBCT), Magnetic Resonance Imaging (MRI)
and Computed Tomography (CT) based on working principles, performance,
cost and applications. In addition, the overview of collateral circulation and its
characteristics will be discussed. In assessing collateral circulation,
improvement of acquisition techniques and algorithm CBCT provides fast
delineation of detail vasculature and improves spatial resolution. It is a three-
dimensional (3D) imaging modality to investigate collateral flow. For ischemic
stroke patients with clinical symptoms, CBCT improves the image quality for
the assessment of collateral circulation in the brain. Precise evaluation of
collateral circulation from the images will support the decision-making for
suitable acute stroke treatment, benefiting both the patient and doctor.
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Introduction

Stroke is one of the leading causes of death in
Malaysia. In 2019, stroke deaths accounted for
8% of the total 109,164 deaths in Malaysia. Most
strokes occur due to an anticipated obstruction of
blood flow to multiple areas of the brain and
require revascularization within 6 hours [1,2]. A
lack of nutrients and oxygen to the cells in these
areas of the brain leads to cell death and some
other serious problems such as blood vessel
ruptures. Women have a higher risk of
developing a stroke-related disease than men,

namely 6 in 10 people. There are inherent risks
associated with thrombectomy, but only for
patients with some characteristics. For example,
a small infarction with a large penumbra, and
excellent collateral circulation, should undergo
such a procedure.

In this paper, the concept of collateral circulation
classification using CBCT is discussed. In the
brain, collateral circulation is understood as a
network of artery-to-artery anastomoses that can
provide nutrient perfusion when a region has
suffered a reduction in blood flow [3]. Collateral
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circulation is essential to maintain blood flow to
ischemic sites in various stages of ischemic
stroke including the hyperacute phase [4]. Good
collateral circulation has been shown to result in
a favorable functional outcome and reduced risk
of recurrence in those undergoing endovascular
treatment or medical management [5]. Different
imaging scores can be used to quantify collateral
cerebral blood flow [6]. How collateral
circulation helps patients with ischemic stroke is
actively studied and evaluated. Since the
collateral circulation is critical for assessing the
presence and volume of the penumbra, which are
critical factors in the severity and time course of
ischemic stroke, the status of the collateral
circulation is critical.

A cerebral collateral image provides rich details
regarding the flow of blood to different parts of
the brain; the characteristics of this blood flow,
as opposed to an arterial lesion, determine
whether the underlying brain parenchyma
survives. For an image of cerebral collateral, the
assessment of collateral-dependent blood flow is
one of the popular techniques [7,8], and it is
observed better by using CBCT. CBCT gives a
higher quality of spatial resolution as compared
to conventional CT which gives better contrast
resolution. Depending on how much retrograde
filling is needed, the sub-branches of the cerebral
artery trees will be viewable, and the status of
collateral will also be determined to some static
extent [9].

Nowadays, CBCT is widely accepted as the
evaluation requirement for stroke disease, due to
its familiarity, better spatial resolution, and wide
availability to doctors [10]. However, it is still
not a standard procedure as it is time-consuming
and difficult to perform CBCT. In addition,
unavoidable risks such as allergic and radiation
exposure are major shortcomings of this approach
[11]. Since collateral circulation recruitment is
essential to influence stroke outcomes, accurate
and robust collateral circulation metrics are
required. In addition, with digitalization taking
over the health industry, machine learning can
also help to fasten the diagnosis through
segmentation and classification processes [12].

Cone Beam Computed Tomography (CBCT)

Cone beam computed tomography, is an
advanced imaging technology that provides
accurate three- dimensional (3D) images of hard
tissue, soft tissue, and bone [13]. As a result of
its advantages over conventional CT, CBCT is
increasingly used in acute strokes and
neurovascular image-guided procedures

including strokes and nerve damage [14,15]. The
data must be acquired using a CT-based
algorithm to create volumetric data that can be
seen in various possible planes in addition to the
three standard planes of sagittal, axial, and
coronal. The scan is relatively fast ranging from
4 to 20 seconds acquisition time, utilizing the
latest technology. The region of interest is
visualized in 3 dimensions, however, the
resolution is insufficient to identify the
associated anatomy in 2 dimensions [16].

Some devices are motorized on numerous axes
for Advance CBCT applications to allow the
source- detector of monocentric. To enhance and
improve the Field Of View (FOV) in three-
dimension image reconstructions, the views of
specialized radiography and fluoroscopic must
be repositioned rapidly. Several systems,
including some Cone Beam Computed
Tomography mammography systems and C-arm
systems, can perform complicated source-
detector trajectories [17]. The added flexibility
given by these systems allows for more generic
imaging beyond the usual circular and helical
source-detector paths. These variable angles have
mostly been employed to overcome the FOV and
sampling concerns in interventional CBCT.
Noncircular trajectories, for an instance, have
been employed to give expanded axial and
elliptical types of FOV as well as to increase
three-dimensional sampling and data collection
to prevent cone-beam artifacts caused by
standard circular cone-beam.

The quality of a CBCT picture might vary
greatly depending on the patient's anatomical
position, size, and the occurrence of
interventional devices inside the field of view.
Although a single scan for a single patient, data
quality can be changed obviously, the magnitude
variance order in noise for various parameters
will also be manipulated. This research aims to
create a novel imaging process in which CBCT
scans are guided by the anatomy of the patient,
selecting projections that maximize data quality
for a given bio-medical imaging job. In general,
trajectory design necessitates some
understanding of patient anatomy.

Such data is frequently accessible in
interventional imaging, although it is rarely used
directly by the imaging apparatus [18]. In this
research, CBCT images are obtained from
Hospital Pengajar Universiti Putra
Malaysia(HPUPM) using an angiography system
machine. Neurointerventionist (Philips Allura;
Biplane FD 20/15) who performs CBCT scans is
required to ensure that the output image is
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reviewed and reported [19]. Figure 1 shows the
CBCT image that has been used in this research

to identify the collateral circulation class.

Figure 1. CBCT image

Table 1 shows the comparison between CBCT,
CT and MRI. CT-based MR image construction
is one of the techniques that researchers need to
discuss as it is difficult to construct image
quality domains based on low-level image
domains when producing an MR image
immediately from a CT imaging using a linear
model [20]. CT and MRI stroke protocols are
routinely used to make treatment
recommendations in the ischemia period,
providing reperfusion of ischemic penumbra
[21]. There is a way to map a set of loss terms to
a number that intuitively represents the cost of a
particular network state as defined by its
objective function [22]. During medical imaging,
synthetic images need to not only be realistic,
i.e., that human experts cannot differentiate them
from genuine images, but also have some
similarity to reference images.

Table 1. Comparison Table of CBCT, CT and MRI

Generally, CT is the most commonly used
modality for stroke imaging followed closely by
MRI. Computed tomography is also more easily
accessible than MRI. However, MRI is more
accurate in depicting acute stroke [23], but
perceived high loss and complexity of the
sequences, making MRI not the preferred choice
for neuroimaging in acute stroke. However, there
is increasing adoption of the MRI-first policy in
acute stroke [24]. As compared to MSU and low-
field MR scanning, contemporary fixed MRI
scanners provide a significant number of
advantages. When combined with individualized
patient transportation and assessing strategy,
these scanners provide more diagnostics and
temporal accessibility [25,26].

CBCT

CT MRI

Uses of X-ray computed tomography
Working principle | technology with divergent, forming a 360-
degree rotation (Lata et al., 2018).

Uses of magnetic

Uses multiple X-rays with fields with different

gllffezroe;é)angles (Walter et RF pulses (Jinet al.,
B ' 2019).

Scanning time

Lower scanning time (Lei et al., 2020)

Moderate scanning time Longest scanning
(Lei et al., 2020) time (Lei et al., 2020)

Level of I . Minimum level of No radiation exposure
L Lower level of radiation exposure (Kabaliuk - :
radiation etal., 2017) radiation exposure (Kabaliuk et al.,
exposure B (Kabaliuk et al., 2017) 2017)
. . . . S No imaging
Imaging Largest imaging movement (Kabaliuk et al., | Slight imaging movement .
. movement (Kabaliuk
movement 2017) (Kabaliuk et al., 2017)
etal., 2017)
Cost Lower Cost (Jeon et al., 2020) Moderate cost (Jeon et Most expensive (Jeon

al., 2020) et al., 2020)
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Image Lowest image quality and less accuracy

quality/accuracy | (Jeon et al., 2020)

Moderate image quality
and accuracy (Jeon et al.,
2020)

Highest image quality
and most accuracy
(Jeon et al., 2020)

Provide a medical image in the dentistry

Provides an area of a
medical image such as

Provides detailed
medical images such
as soft tissue

Application field such as oral surgery, endodontics, head trauma, bone diagnosis and
orthodontics, and so on (Jin et al., 2019) fractures, or internal ligaments (Jin et al
organs (Jin et al., 2019) 2019) "
Loud noises produced
Harmful to humans (Lei by MRI scanners will
Drawbacks Poor contrast resolution (Lei et al., 2020) lead to hearing

etal., 2020) problems (Jin et al.,

2019)

Radiation effect

Low radiation (Shokri et al., 2018)

High radiation (Meulepas
etal., 2019)

No radiation (Indra J
Das et al., 2018)

Collateral Circulation

Overview

Collaterals are defined as vessels that run parallel
to each other transporting blood to the same
target tissue. Collateral circulation acts as a
vascular supplementary system. It also plays a
significant role in the prevention of cerebral
ischemia after the primary vascular pathways
have been partially blocked [27]. Collateral
circulation has long-term consequences in
management, especially concerning cerebral
endovascular therapy and thrombolytic therapy.

It is regarded as a secondary network of
extremely changeable vascular channels and
beneficial in the condition of inadequate arterial
supply. Besides the arterial collaterals, there are
also venous collaterals. Their function differs,
however they aid in the enhancement of venous
drainage in venous congestion [28]. Several
pharmacological interventions are employed to
alter the assets pledged as collateral; these
could act as an alternative to invasive
intracerebral surgeries [29,30]. Figure 2 shows
the collateral circulation in the human brain.

Figure 2. Collateral flow viewed with cerebral digital subtraction angiography (Shuaib et al., 2011)

Endovascular treatment for acute ischemic stroke
could be enhanced using good collateral
circulation and reduced risk of hemorrhagic
transformation [31]. Understanding of collaterals
and the strategy to promote new collateral blood
flow is necessary during brain ischemia to
increase collateral blood flow, a crucial aspect of
treating ischemic stroke is extending the
therapeutic time window following ischemia

[32]. When pressure gradients arise, pre-existing
communication routes are used. Normal ICA
perfusion is occasionally maintained in the
context of common carotid artery (CCA)
obstruction by retrograde blood flow within the
External Carotid Artery (ECA). Abnormal blood
flow inside collateral channels is a common
observation in both acute and chronic strokes.
Every hemodynamically important extracranial
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flow blockage results in
intracranial flow changes [33].

compensatory

Collateral Circulation Characteristics

Previous analysis of collateral circulation was
classified into three classes: good, moderate and
poor. These classes are referred to based on the
collateral supply in the blocked MCA territory
according to ASPECTS [34]. According to
Jiahang Su et al., patients having good collateral

scores will most likely have better clinical
outcomes used the ASPECTS score as ground
truth in the experiments and also based on the
validation by two radiologists. Figure 3 shows
the class of collateral circulation which is
interpreted as 100% score of good collaterals,
between 50% and 100% of intermediate

collaterals and <50% of poor collaterals [35-40](

Figure 3).

Figure 3. Poor, moderate, and good collateral circulation (Aktar et al., 2020)

Each class of collateral circulation has its
characteristics. Table 2 shows the comparison of

poor, moderate, and good collateral circulation

[41,42].

Poor Collateral
Circulation

Moderate Collateral
Circulation

Good Collateral Circulation

Evaluation using the
Miteff collateral
method

Only superficial MCA is
reconstructed distal to the
occlusion (Liu et al., 2018)

Some of the MCA branches
are reconstructed distal to
the occlusion (Liu et al.,
2018)

Most of the MCA branches are
reconstructed distal to the
occlusion (Liu et al., 2018)

Least number of collateral
paths (Kolateralne et al.,
2018; Wang et al., 2020)

Number of collateral
paths

Moderate number of
collateral paths (Kolateralne
etal., 2018; Wang et al.,
2020)

Most number of collateral paths
(Kolateralne et al., 2018; Wang
etal., 2020)

Ischemic collaterals slowly
spread to the periphery of
the ischemic site with some
defects persisting
(Kolateralne et al., 2018;
Wang et al.,2020)

Collateral Score

Slow collaterals but the
angiographic blood flow of
the ischemic bed is
completed (Kolateralne et
al., 2018; Wang et al., 2020)

Retrograde perfusion provides
comprehensive and efficient
collateral blood flow to the
vascular bed across the ischemic
zone (Kolateralne et al., 2018;
Wang et al., 2020)

Overall performance | segment was reconstituted

with

A portion of the distal vessel

An occluded vessel was
reconstructed with
collaterals located at the

Two segments of vessels were
reconstituted distal to the
occluded vessel

collaterals (Boers et al.,
2018; Fujita et al., 2019;
Raychev et al., 2020; Rend
etal., 2019; Vagal et al.,
2018)

distal end of the segment
(Boers et al., 2018; Fujita et
al., 2019; Raychev et al.,
2020; Rend et al., 2019;
Vagal et al., 2018)

using collaterals (Boers et al.,
2018; Fujita et al., 2019;
Raychev et al., 2020; Renu et al.,
2019; Vagal et al., 2018)
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Enhancement of collateral circulation is
considered a crucial strategy for better clinical
outcomes. Collateral status may be negatively
impacted by the optimization of factors,
including medications that inhibit physiological
augmentation of blood pressure, systemic
sickness, and cerebral vascular status [43].
Induced hypertension, lying flat with the head in
that position, volume expansion, external
counterpulsation, a partial aortic obstruction that
directs splanchnic blood flow to the upper body
and brain, and stimulation of the sphenopalatine
ganglion are all collateral enhancing techniques
for hemodynamic manipulations [44] as well as
emergent bypass surgery [45] could help acute
ischemic stroke patient.

Conclusion

Collateral circulation using CBCT images
comprises strong anastomotic cerebral vessels
for better reperfusion of ischemic tissue. The
good collateral vessels can maintain an adequate
blood flow towards the ischemic penumbra that
making the reperfusion more efficient. The recent
achievement of clinical results showed that the
beneficial influence of the initial assessment of
collateral adequacy is very important to have
better clinical outcomes. Clinical trials using
more advanced methods are predicted to provide
clinical interpretation for more reliable use of
collaterals for potential clinical impact [45-50].
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