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ABSTRACT
Stroke is a leading cause of death and disability worldwide. The advent of acute reperfusion therapy, intravenous throm-
bolysis and endovascular thrombectomy, has revolutionised the field of stroke medicine, and neurology in general. Re-
cent studies have implicated a major role of cerebral collaterals in the trajectory of acute ischemic stroke patients receiv-
ing reperfusion therapy. Collaterals sustain blood supply to the tissue in the setting of acute ischaemia which prevents 
further expansion of the hypoperfused tissue, playing an important role in determining outcomes after acute ischaemic 
stroke. The use of collateral assessment in routine practice in acute ischaemic stroke, let alone in reperfusion therapy, is 
far from universal and limited. Future work in embedding collateral assessment in standards of care in acute stroke and 
management is warranted. This article provides a comprehensive update on the diagnostic and prognostic utility of col-
laterals in acute ischaemic stroke and recommendations on collateral-based decision making in acute stroke and steps 
that can be taken for its rapid uptake in clinical practice.
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Abbreviations
AHA American Heart Association/American Stroke Association
AIS
IVT
EVT
HT
BBB
ICH
NCCT
CT
CTA
MRI
MRA
CTP

Acute ischaemic stroke 
Intravenous thrombolysis 
Endovascular thrombectomy 
Haemorrhagic transformation
Blood-brain barrier 
Intracranial haemorrhage 
Non-contrast computed tomography
Computed tomography 
Computed tomography angiography
Magnetic resonance imaging
Magnetic resonance angiography
Computed tomography perfusion 

DSA Digital subtraction angiography
sCTA Single-phase computed tomography angiography
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INTRODUCTION 

The global prevalence of ischaemic stroke in 2017 
was 82.4 million, a 16.1% increase since 2007 (1,2). Its 
increasing prevalence and global burden justify a 
comprehensive understanding of the factors mediat-
ing stroke outcomes (3,4). Reperfusion therapy is the 
only approved treatment for AIS and includes intra-
venous thrombolysis (IVT) and endovascular 
thrombectomy (EVT) (5). Other reperfusion strate-
gies for AIS, including intra-arterial, ultrasound, 
combined intravenous and intra-arterial thromboly-
sis, as well as the use of glycoprotein IIb/IIIa (GP IIb / 
IIIa) antagonists, or increased collateral flow through 
electrical stimulation of the sphenopalatine gangli-
on, are being investigated (6). Baseline collateral sta-
tus has been demonstrated to impact prognosis fol-
lowing reperfusion therapy after an acute ischaemic 
stroke (AIS) (7,8). Baseline collateral status may in-
form clinical decision-making when selecting AIS pa-
tients for reperfusion therapy (9). The 2018 Ameri-
can Health Association (AHA) guidelines support the 
use of baseline collateral status to select patients for 
EVT with weak evidence (Class IIb) due to the gaps 
and discrepancies in knowledge surrounding collat-
erals (10). This article presents an overview of imag-
ing modalities used to assess collaterals, their prog-
nostic capability, automation of the process of 
baseline collateral assessment and finally, and collat-
erals-based decision-making. 

STATIC AND DYNAMIC ASSESSMENT OF COLLATERALS – 
CLINICAL INDICATIONS

AHA guidelines for stroke assessment 

The 2018 AHA guidelines state that the primary 
goal of emergency imaging after an AIS is to exclude 

an intracranial haemorrhage (ICH) and a non-con-
trast computed tomography (NCCT) is the ideal mo-
dality to do so. By no means should any vascular or 
perfusion imaging delay the initial IVT treatment. 
Once IVT has commenced, and a patient has met the 
criteria for endovascular treatment, non-invasive 
intracranial vascular imaging such as computed to-
mography angiography (CTA) can be carried out. 
Additional imaging, other than computed tomogra-
phy (CT), CTA, magnetic resonance imaging (MRI) 
and magnetic resonance angiography (MRA), to aid 
with selection for EVT is not recommended in pa-
tients who are < 6 hours since the onset of symp-
toms. However, there is strong evidence supporting 
additional imaging, such as CT perfusion (CTP), dif-
fusion-weighted MRI or MRI perfusion for EVT se-
lection in patients who are within 6 to 24 hours 
since the onset of symptoms. The 2018 AHA guide-
lines state that there is weak evidence supporting 
the use of collateral status to select patients for EVT 
(10). Multiple studies have highlighted the clinical 
benefits of good baseline collateral status, meaning 
that appropriate imaging modalities to assess collat-
erals, and the clinical indications to utilise them, 
should be explored (11,12).

Static vs. dynamic assessment 

Collaterals can be assessed in either a static or 
dynamic manner. The static assessment provides a 
snapshot of collaterals at a single point in time. This 
often raises issues wherein the contrast medium 
has not fully dispersed throughout the vessels, lead-
ing to underestimation of collaterals. Dynamic as-
sessment involves observing blood flow through 
collaterals over a period, allowing for an adequate 
amount of time for the contrast to reach, and thus 
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visualise all vessels. Imaging modalities used to assess 
collaterals statically include single-phase CTA (sCTA) 
and MRA. Digital subtraction angiography (DSA), mul-
ti-phase CTA (mCTA,or 4D-CTA/time-resolved CTA), 
CTP and arterial spin labelling (ASL) MRI can be used 
to assess collaterals in a dynamic manner (13). 

Digital subtraction angiography 

Multivessel DSA is the gold standard for assessing 
both primary and secondary collaterals in AIS pa-
tients. Its ability to assess arterial, capillary and ve-
nous contrast enhancement phases allows it to as-
sess collaterals in a dynamic manner (14). However, 
conducting a DSA requires arterial catheterisation, 
making it an invasive procedure that increases risks 
of complications such as iatrogenic stroke (8). It is 
highly operator dependent, commonly performed by 
an interventional radiologist, its use requires knowl-
edge regarding catheter insertion, disease pathology 
and vascular anatomy, requiring angio-suite and 
specialised procedure and equipment (14). DSA also 
has a long acquisition and procedural time and low 
accessibility (15). Furthermore, images are obtained 
via injection of a single artery. Most cerebral DSA 
procedures involve separate studies (called runs) 
where each vessel is selected individually, and con-
trast injected for each run. If there are complications, 
a catheter can be placed in the arch and injected to 
capture all vessels, but still, likely need multiple in-
jections with different patient position to reduce su-
perimposition of anatomy. Thus, collaterals that 
branch off other arteries may not be visualised (16). 
As such, despite being the gold standard to assess col-
laterals, it is not commonly used. 

Computed tomography

In the context of collateral assessment, subtypes 
of CT such as CTA, mCTA and CTP can be used. sCTA 
is the most widely used imaging modality to assess 
collaterals and is used in most clinical trials assess-
ing the impact of collaterals on clinical outcome fol-
lowing reperfusion therapy after an AIS (17). Tan et 
al. found that combining information from a static 
and dynamic mode of visualising collaterals, specif-
ically CTA and CTP (18,19), provides the most accu-
rate assessment of collaterals (20). mCTA allows dy-
namic visualisation of collateral status. In the 
Endovascular Treatment for Small Core and Proxi-
mal Occlusion Ischemic Stroke (ESCAPE) trial, the 
pial arterial filling visualised on mCTA was report-
ed to have good inter-rater reliability and ability to 
determine the good clinical outcome (13). 

Magnetic resonance imaging

Although CT is the most used imaging modality 
during an AIS work-up, an MRI can provide a lot 

more clinical information which may be relevant to 
determining outcomes following an AIS. A full MRI 
protocol involves conducting diffusion-weighted 
imaging (DWI), gradient recalled echo (GRE), T2 
weighted fluid-attenuated inversion recovery 
(FLAIR), MRA and perfusion-weighted imaging 
(PWI). An MRA and PWI can provide static and dy-
namic information respectively regarding the col-
lateral status of an AIS patient. There are two forms: 
MRA-contrast-enhanced MRA (CE-MRA) and time-
of-flight MRA (TOF-MRA). The use of contrast in CE-
MRA enables the visualisation of collaterals. TOF-
MRA does not involve using contrast and, instead, 
relies on direction and velocity of blood flow. 
Though this makes it an ideal imaging modality for 
those who are allergic to contrast media or have im-
paired renal function, TOF-MRA is an insensitive 
method of assessing collateral blood flow (21). It can 
be argued that arterial spin labelling (ASL) is also a 
form of contrast-enhanced MR, which uses an en-
dogenous agent, i.e., magnetically labelled water.

Arterial spin labelling

Arterial spin labelling (ASL) is a non-invasive 
and non-ionising MRI technique, used to measure 
tissue perfusion (22), and can be applied to assess 
collateral blood flow (23). A high density of collater-
al circulation delays overall arterial transit time 
and appears as an intra-arterial sign (IAS) or hyper-
intense signals. As such, collateral status on ASL is 
determined by analysing these hyperintense sig-
nals. A retrospective cohort study by Morofuji et al. 
confirmed that hyperintense signals distal to the 
site of occlusion are indicative of angiographic col-
laterals. However, the study also notes that overes-
timation of collaterals is possible when using ASL 
because hyperintensity of the cerebral cortex or 
cerebrospinal fluid space is sometimes observed. 
Conversely, collaterals may be underestimated if 
the collateral flow is weak and hyperintensities dis-
tal to the site of occlusion are hard to detect (23). 

DIAGNOSTIC COMPARISON BETWEEN CTA, DSA AND 
MRA

As mentioned previously, DSA is the gold stand-
ard imaging modality to assess primary and second-
ary collateral circulation. CT or MRA, on the other 
hand, can visualise primary collateral with moder-
ate-to-good diagnostic performance, but the ability 
to visualise and evaluate secondary collaterals are 
limited (13). 

CTA/CTP VS DSA

CTA, DSA and MRA have varying levels of diag-
nostic accuracy, especially when considering the in-
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terobserver reliability context of CTA, mCTA is a 
more accurate method of assessing collaterals when 
compared to sCTA (24). Garcia-Tornel et al. found 
that good collaterals (sCTA: defined as collateral 
supply filling >50% but >100% of occluded vascular 
territory; mCTA: compared to the asymptomatic 
contralateral hemisphere, there is no delay or delay 
in one phase in filling in of peripheral vessels and 
prominence and extent are the same/increased) de-
tected on both sCTA and mCTA are associated with 
smaller infarct volume (24). However, good collat-
erals detected on mCTA, as opposed to sCTA, were 
more likely to be associated with better clinical out-
comes, specifically NIHSS score and mRS at 90 days. 
This study also confirmed that sCTA often underes-
timates collateral supply – patients who had bad 
collaterals on sCTA (defined as sCTA static collateral 
score of 0-1 on modified American Society of Inter-
ventional and Therapeutic Neuroradiology (ASITN) 
scale where 0 corresponds to absent collaterals and 
1 refers to collaterals filling 50% or less of the oc-
cluded territory) but good collaterals on mCTA (de-
fined as mCTA collateral score of 3-4 where 3 corre-
sponds to complete collateralization of the ischemic 
site by the late venous phase and 4 refers to the 
complete collateralization of the ischemic site be-
fore the venous phase) had a high probability of a 
good functional outcome (mRS 0-2 at 3 months) (24). 
CTP collects images in a time-resolved series during 
injection of contrast media, its images can be used 
to reconstruct mCTA images. Kauw et al. compared 
collateral visualisation on sCTA to that of CTP de-
rived 3-phase CTA and mCTA images (17). In the 
static assessment of collaterals, sCTA, 3-phase CTA 
and mCTA had an interobserver agreement of 0.69, 
0.58 and 0.67 respectively. In the dynamic assess-
ment of collaterals, 3-phase CTA and mCTA had an 
interobserver agreement of 0.52 and 0.54 respec-
tively. Concordance between all CT and DSA images, 
the latter of which was the reference standard, was 
poor. This was attributed to the lack of standardisa-
tion of collateral grading scale for different imaging 
modalities, incomplete data regarding collaterals 
since contralateral ICA and posterior circulation 
was not assessed in anterior circulation stroke and 
the inability of CTA to time-resolved blood flow in 
collateral circulation (17). Furthermore, 3-phase 
CTA and mCTA, not DSA, assessed collateral grading 
was associated with clinical outcome. 

MRA VS. DSA

A study by Yuan et al. assessed the ability of TOF-
MRA to assess pial collaterals compared to DSA. The 
sensitivity and specificity of TOF-MRA were found 
to be 0.7 and 0.93 respectively. Compared to DSA, 
the area under the curve (AUC) of collateral grading 

using TOF-MRA was 0.83. However, this study has 
several shortcomings, the main one being that the 
TOF-MRA images were not obtained within a few 
hours of the onset of symptoms - the median time 
from onset of symptoms to TOF-MRA was 7.5 days  
(25). As such, the results of this study cannot be ap-
plied to an acute setting. Furthermore, the results 
from the study by Yuan et al are contested in a re-
view by Merino et al. who state that TOF-MRA is an 
insensitive method of assessing collaterals (21). 

A study by Hernandez-Perez et al. aimed to eval-
uate the ability of dynamic MRA (dMRA) in assess-
ing cerebral collaterals. It was found that grading 
collateral status on dMRA using the ASITN/SIR scale 
was highly correlated to infarct core and hypoper-
fusion intensity ratio. As such, Hernandez-Perez et 
al. recommend it as a fast and reliable method to 
assess collateral status in AIS patients. However, the 
study notes that the clinical application of its results 
are limited by the small cohort of 25 patients and by 
the fact that dMRA was not compared to DSA  (26). 

Transcranial Doppler (TCD) or carotid duplex ultrasonog-
raphy (CDU)

A major collateral pathway for ophthalmic and 
cerebral artery blood supply is the external carotid 
artery (ECA) (27). In ipsilateral ICA occlusion pa-
tients with recurrent symptoms, the ECA is an es-
sential collateral pathway, which may guide the 
need for emergency surgery, or planning thereof, in 
stenotic ECA patients requiring revascularization 
(28, 29). Isolated ICA occlusions may not warrant 
immediate surgery and change in patient care is not 
necessitated. The difference between near occlu-
sion and total occlusion is clinically important (30). 
Patients with near occlusion may be eligible for sur-
gery, while patients with complete occlusion are 
not. In the event of a near or complete occlusion of 
the common carotid artery (CCA), flow direction in 
the ECA may be reversed through collateral recruit-
ment to a patent ICA (31). Combination of the cut-off 
of an ECA peak systolic velocity (PSV) ≥200 cm/s 
with the presence of colour aliasing demonstrates 
the high diagnostic capability for ≥ 50% ECA steno-
sis, based on CTA, with sensitivity (90%), specificity 
(96%), positive predictive value (83%), and negative 
predictive value (98%) and the area under the curve 
of 0.97 (27).

THE PROGNOSTIC CAPABILITY OF ARTERIAL 
COLLATERALS 

As mentioned previously, the 2018 AHA guide-
lines support collateral assessment as a part of clin-
ical decision making with weak evidence. Several 
studies investigate the correlation between clinical 
outcome and collateral supply. To solidify its incor-
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poration into routine stroke workflow, several stud-
ies have investigated the impact of baseline collat-
eral status on clinical outcomes following 
reperfusion therapy in AIS patients. Multiple pa-
rameters can be considered when assessing clinical 
outcome. For example, the Modified Rankin Scale 
(mRS) is a 7-point scoring system that quantifies a 
patient’s degree of disability following a neuro-
pathological event. Low scores (mRS 0-2) indicate 
functional independence while higher scores indi-
cate disability (mRS 3-5) and death (mRS 6). mRS, 
alongside other parameters such as mortality rates, 
successful reperfusion, infarct growth and inci-
dence of complications such as symptomatic intrac-
erebral haemorrhage (sICH), can be used to assess 
clinical outcomes. Recent meta-analyses support 
the widely accepted hypothesis that good collateral 
status is correlated with better clinical outcomes 
(32-36). However, results from meta-analyses must 
be interpreted cautiously. Due to the selection crite-
ria adopted by these meta-analyses, wherein arti-
cles must be full-text and in English, a significant 
degree of selection bias is involved. Heterogeneity 
amongst primary studies, vis a vis results reported, 
and scales used to assess collaterals limits the abili-
ty of meta-analysis to conduct subgroup analyses. 
The limited availability of primary studies assessing 
specific outcomes also contributes to this. Although 
meta-analyses support the widely accepted hypoth-
esis, there is a discrepancy amongst primary studies 
wherein some support the hypothesis, while others 
contest this direct correlation (12,37,38). 

Association with functional outcomes

Multicenter Randomized Clinical Trial of Endo-
vascular Treatment for Acute Ischemic Stroke in the 
Netherlands (MR CLEAN) is a multicentre RCT that 
randomised eligible patients into treatment groups 
(usual care or intraarterial treatment and usual 
care) (39). Through a post hoc analysis of data from 
the MR CLEAN registry, Jansen et al. found that bet-
ter baseline collateral status was associated with 
lower mRS score, even when adjusted for confound-
ers such as age, baseline NIHSS score, history of di-
abetes mellitus or previous stroke, and occlusion 
location (12). Several other studies support this cor-
relation (11,38,40,41). However, Jansen et al. added 
that a large portion of patients with poor/absent col-
laterals who were treated at the end of the 6-hour 
time window also achieved functional independ-
ence at 90 days. Thus, collaterals status may not 
alone mediate the benefit from reperfusion therapy. 
Instead, a multivariate approach wherein other pa-
tient factors are considered is recommended. A 
unique strength of the MR CLEAN registry is its in-
clusion of patients with absent/poor collaterals. 
However, only one reader assessed collaterals sta-

tus, making this process prone to inaccuracies. Fur-
thermore, sCTA was used to assess collateral status, 
which may have led to its underestimation, and the 
impact of stroke aetiology on collaterals was not 
considered. These limitations must be considered 
when interpreting the results of this trial. 

Association with mortality

A prospective cohort study by Yeo et al. found 
that the presence of posterior communicating ar-
tery was significantly associated with reduced mor-
tality rate, independent of baseline leptomeningeal 
collateral status (40). The inclusion of patients with 
good perfusion status in this study introduces selec-
tion bias and as such, these results should be inter-
preted cautiously. Despite this, the correlation be-
tween good collateral status and reduced mortality 
rates is also highlighted by results from the MR 
CLEAN registry and retrospective cohort studies by 
Park et al. and Kim et al. (12,38,41).

Association with infarct growth 

Endovascular Therapy Following Imaging Evalu-
ation for Ischaemic Stroke (DEFUSE 3) is a multicen-
tre RCT wherein AIS patients were randomised into 
standard medical therapy or EVT and standard 
medical therapy (42). A sub-group analysis of the 
data collected by DeHavenon et al. found that pa-
tients with good collateral status had smaller infarct 
growth and an overall smaller absolute ischaemic 
core at the 24-hour follow-up imaging (37). A major 
limitation of the DEFUSE 3 trial is that due to the 
inclusion of patients with wake-up stroke, the exact 
time of stroke onset in these patients is not known. 
This may have caused inaccurate documentation of 
initial infarct size and the degree of infarct growth 
over time. Despite this limitation, prospective and 
retrospective studies by Nambiar et al. and Sheth et 
al. respectively, corroborate the results from DE-
FUSE 3 (11,43).

Association with recanalisation 

The DEFUSE 3 trial showed no difference in reca-
nalization rates between groups with good and 
poor collaterals (37). These results are contested by 
several other studies which suggest a correlation 
between good collaterals and higher recanalisation 
rates (11,35,44,45). A potential explanation for the 
unexpected results in DEFUSE 3, concerning recan-
alisation and sICH, is a progressive worsening of 
collateral status over time. This may cause patients 
who initially had a good collateral status to eventu-
ally develop the same clinical profile as patients 
with poor collateral status. As such, no differences 
will be observed in the clinical outcomes between 
the two groups.
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Association with sICH

No association was observed between collateral 
status and rates of sICH in sub-analyses of the DE-
FUSE 3 and MR CLEAN trials as well as other pro-
spective/retrospective cohort studies (12,37,46,47). 
However, other studies have observed higher rates 
of sICH amongst patients with poor collaterals 
(45,48,49). Such a dichotomised perspective of this 
correlation may be due to reperfusion injury and 
the unknown extent to which it offsets the benefi-
cial effects of reperfusion therapy. 

TABLE 1. Summary of the studies assessing the impact of baseline collateral status on clinical outcome following reperfu-
sion therapy

Study Study design 
 (Cohort size) Clinical outcomes Main findings

Jansen et al. (12) Post-hoc analysis
 (n = 1412)

mRS at 90 days Good baseline collateral status is associated with a lower mRS score, 
independent of time to treatment 
 (OR 1.5, 95% CI 1.4 – 1.7)

Mortality Good baseline collateral status is associated with lower mortality 
rates. 

sICH Good baseline collateral status is not associated with lower sICH rates. 
Yeo et al. (40) Prospective cohort 

study 
 (n = 147)

mRS at 90 days The presence of an anterior communicating artery is associated with 
good clinical outcome, independent of baseline leptomeningeal 
collateral status. 

Mortality The presence of a posterior communicating artery is associated with a 
reduced mortality rate.

de Havenon et 
al. (37)

RCT sub-analysis 
 (n = 130)

Infarct growth Good baseline collateral status is associated with smaller infarct 
growth and an overall smaller absolute ischaemic core. 

Recanalisation No difference was found in recanalisation between the groups with 
good and poor baseline collaterals

sICH No difference was found in the rates of sICH between groups with 
good and poor baseline collaterals

mRS No difference was found in the rates of functional independence 
between groups with good and poor baseline collaterals. 
 (OR 0.61, 95% CI 0.26 – 1.45)

Nambiar et al. 
(11)

Prospective cohort 
study
 (n = 84) 

Infarct growth Infarct growth was significantly lower in patients with good baseline 
collateral status who achieved recanalization. 

Recanalisation Patients with intermediate/good collaterals were more likely to 
experience successful recanalisation compared to patients with poor 
collaterals.

mRS Patients with intermediate/good collaterals who experienced 
successful recanalization showed a significant correlation with good 
clinical outcome (mRS 0-2). 

Park et al. (38) Retrospective cohort 
study 
 (n = 119)

sICH Higher rates of sICH in patients with poor leptomeningeal collaterals 
score, although this correlation was not clinically significant. 

mRS Higher rates of favourable functional outcome amongst patients with 
good leptomeningeal collaterals score.
(OR 5.14, 95% CI 1.62 – 16.26)

Mortality Lower rates of mortality amongst patients with good leptomeningeal 
collaterals score. 

Kim et al.  (41) Retrospective cohort 
study
 (n = 554) 

HT Higher rates of HT in patients with poor collaterals. 
mRS Patients with good collateral better 3-month mRS profiles compared 

to those with poor collaterals.
Mortality Mortality rates were higher in patients with poor collaterals.

Al Dasqui et al. 
(47)

Retrospective cohort 
study

Stroke aetiology Patients with CAS related stroke aetiology are more likely to have 
good baseline collaterals. 

Rebello et al. (50) Retrospective cohort 
study

Stroke aetiology Patients with steno-occlusive diseases are more likely to have 
moderate/good collaterals. 

mRS, modified Rankin score; sICH, symptomatic intracerebral haemorrhage; HT, haemorrhagic transformation

Association with stroke aetiology

Recent studies have found an interesting con-
nection between stroke aetiology and baseline col-
lateral status. In a retrospective cohort study, 
Al-Dasuqi et al. noted that patients with carotid ar-
tery stenosis (CAS)-related stroke were more likely 
to have a good baseline collateral status (47). This 
correlation was previously noted by Rebello et al. 
who found that, as opposed to cardioembolic 
strokes, steno-occlusive diseases are independently 
associated with moderate/good collateral circula-
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tion (50). Table 1 provides a summary of the main 
findings of the association of collaterals with stroke 
aetiology. 

The prognostic capability of venous collaterals 

Several studies regarding cerebral collateral cir-
culation are based on arterial collaterals. As men-
tioned previously, venous collaterals play an equal-
ly important role in determining prognosis 
following reperfusion therapy after an AIS. Yu et al. 
found that prominent medullary veins on the con-
tralateral hemisphere were more common in pa-
tients with good clinical outcome (mRS<3) after 3 
months (51). Furthermore, other studies found that 
favourable velocity and extent of cortical vein 
drainage was also associated with good clinical out-
come (52,53). Such findings support the involve-

ment of the venous circulation and its impact on 
prognosis. 

Delayed cortical vein filling during the late ve-
nous phase (delayed-LCVF) was found to be inde-
pendently associated with poor baseline collaterals 
(54). Bhaskar et al. assessed the impact of de-
layed-LCVF on reperfusion status at 24 hours and 
functional outcome at 90 days. It was found that pa-
tients with delayed-LCVF had poor reperfusion at 
24 hours. No significant difference was found in 
functional outcome at 90 days between patients 
with or without delayed-LCVF (55). Gaps in knowl-
edge such as this, alongside the general lack of stud-
ies focusing on venous collaterals, warrant further 
research into this field.

Through the analysis of various studies, it be-
comes obvious that although there is a consensus 

TABLE 2. Summary of studies using automated collateral assessment in acute ischemic stroke

Source Automated assessment method Imaging modality/
Grading system Findings 

Boers et al. 
(56, 57)

1. identify the affected territory at risk
2. segmentation of the vessels 
3. comparison of vessel presence 
between the hemispheres

CTA/Tan · Was strongly correlated to the manual method. 
· Had reliable correlations with functional outcome 
and tissue death 
· Was better able to distinguish between favourable 
and unfavourable outcomes (manual AUC: 0.66; 
automated AUC: 0.76).

Aktar et al. 
(58)

ACCESS (Automatic Collateral 
Circulation Evaluation in iSchemic 
Stroke) - 
The collateral score is defined as 
the ratio of unfilled vessels to full 
vasculature 

4DCTA/
ASPECTS

Average AUC of 0.85.

Verdolotti 
et al. (59)

ColorViz - 
Is a semi-automatic, post-processing 
software that uses a colourimetric map 
to assess collaterals

Colour-coded maps 
using mCTA/ 
3-point scale based 
on the arrival time of 
contrast 

Good accordance among operators when 
evaluating CTA and ColorViz images (r = 0.962 and r 
= 0.89 respectively)

Su et al. 
(60) 

1. define the relevant anatomical region
2. deep learning to extract vessel 
structure
3. quantification - comparison of 
affected and non-affected hemispheres 

3DCTA/Tan The automated assessment method had an 
accuracy of 0.8.

Shieh et al. 
(61)

Comparison of the contralateral 
hemisphere 

NCCT/
ASPECTS

AUC of 0.902

Frolich et 
al. (62)

4DCTA was processed using a 
commercial software package.

Temporal maximum intensity projection 
fuse contrast opacification across the 
duration of 4DCTA and show densely 
opacified arterial and venous structures 

4DCTA/
rLMC

Intraclass correlation of 0.78

Zhang et al. 
(63)

4D CTA images were reviewed and 
reconstructed using commercial 
software. 

Collateral scores were assigned using 
the velocity of blood flow and extent of 
collaterals.

4DCTA/
rLMC

AUC of 0.8

Kersten et 
al. (64)

Intensity differences between left & 
right hemisphere

4DCTA/
ASPECTS

Correlation of automated method to radiologist 
had r2 of 0.71 

CTA, computed tomography angiography; 4DCTA, 4-dimensional computed tomography angiography; AUC, area under the curve; ASPECTS, Alberta 
stroke programme early CT score; mCTA, multi-phase computed tomography angiography; NCCT, non-contrast computed tomography; rLMC, regional 
leptomeningeal score; AUC, area under the curve
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sess the reliability of automated assessment of col-
laterals have been listed in Table 2. 

CONCLUSIONS

Cerebral collaterals are a major determinant of 
stroke outcomes. In the context of reperfusion ther-
apy, the role of collaterals in AIS merit considera-
tion given their role in the viability of salvageable, 
ischaemic tissue or in assisting to deliver thrombo-
lytic agents to the site of occlusion, both of which 
impact prognosis following reperfusion therapy. 
Furthermore, given the use of collateral assessment 
in routine practice in acute ischaemic stroke, let 
alone in reperfusion therapy, is far from universal 
and limited; efforts towards incorporating collater-
al assessment into routine acute stroke workflow 
should be pursued. 
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that links good baseline collateral status to good 
clinical outcome, results from studies do not always 
support this direct correlation. As such, further re-
search must be conducted to validate the prognostic 
value of collaterals and their use in patient selection 
for reperfusion therapy.

Automated collateral assessment

The post-processing of radiological imaging used 
to assess collaterals is often done manually, making 
it time-consuming and prone to a poor interobserv-
er agreement due to potential bias or error. As such, 
automating this process may be beneficial. Boers et 
al. conducted a post hoc analysis of 70 patients from 
the MR CLEAN database to test the reliability of au-
tomatic collateral scoring compared to manual col-
lateral scoring. The automated process involved 
identifying the affected territory, segmentation of 
the vessels and comparison of vessel presence be-
tween the hemispheres. It was found that the auto-
mated method was strongly correlated with the 
manual method and showed reliable correlations 
with functional outcome and tissue death. The auto-
mated method had a better discriminative power 
between favourable and unfavourable functional 
outcome compared to the manual method (56). A 
follow-up retrospective study by the same authors 
assessed the value of the same automated collateral 
grading in 442 patients from the MR CLEAN data-
base. Through this study, it was further confirmed 
that the automated collateral grading system was 
an independent predictor of mRS at 90 days and fol-
low-up infarct volume (57). Other studies which as-
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