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ABSTRACT

BACKGROUND AND PURPOSE: Multiphase CTA, a technique to dynamically assess the vasculature in acute ischemic stroke, was primarily
developed to evaluate collateral filling. We have observed that it is also useful in identifying distal anterior circulation occlusions due to
delayed anterior circulation opacification on multiphase CTA, an observation we term the “delayed vessel sign.” We aimed to determine
the usefulness of this sign by comparing multiphase CTA with single-phase CTA.

MATERIALS AND METHODS: All 23 distal anterior circulation occlusions during a 2-year period were included. Ten M1-segment occlusions
and 10 cases without a vessel occlusion were also included. All patients had follow-up imaging confirming the diagnosis. Initially, the
noncontrast CT and first phase of the multiphase CTA study for each patient were blindly evaluated (2 neuroradiologists, 2 radiology
trainees) for an anterior circulation occlusion. Readers’ confidence, speed, and sensitivity of detection were recorded. Readers were then
educated on the “delayed vessel sign,” and each multiphase CTA study was re-examined for a vessel occlusion after at least 14 days.

RESULTS: There was significant improvement in the sensitivity of detection of distal anterior circulation vessel occlusions (P < .001),
overall confidence (P < .001), and time taken to interpret (P < .001) with multiphase CTA compared with single-phase CTA. Readers
preferred MIP images compared with source images in >90% of cases.

CONCLUSIONS: The delayed vessel sign is a reliable indicator of anterior circulation vessel occlusion, particularly in cases involving distal
branches. Assessment of the later phases of multiphase CTA for the delayed vessel sign leads to a significant improvement in the speed and
confidence of interpretation, compared with single-phase CTA.

ABBREVIATIONS: MPCTA = multiphase CTA; SPCTA = single-phase CTA

he major recent development in acute stroke care, clot re-

trieval by thrombectomy, reduces disability and improves the
quality of life in patients with proximal large-vessel occlusions.
Prompt brain imaging and precise localization of an intracranial
vessel occlusion are important to aid in the selection of appropri-
ate patients for treatment with intravenous thrombolysis and/or
thrombectomy.>™

CT angiography is performed immediately after noncontrast
CT to assess vessel occlusion or stenoses and to evaluate the pial
collateral status. Single-phase CTA (SPCTA, a single arterial
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phase study of the head and neck) is the most common CTA
technique used to assess the intra- and extracranial vasculature.”
Multiphase CTA (MPCTA) is a new supplementary technique,
distinct from brain perfusion CT, that acquires intracranial im-
ages at 3 time points (phases) rather than just a single phase.” To
date, MPCTA has been primarily used to obtain extra informa-
tion on the extent of pial collateral filling.>*”

We have observed a simple imaging sign on MPCTA that as-
sists in confirming the diagnosis of acute ischemic stroke. It ap-
pears especially useful when an occluded vessel is small (eg, M2 or
M3 segments of the middle cerebral artery), a finding that may be
easily overlooked with SPCTA alone. The “delayed vessel sign”
refers to the presence of an artery distal to the point of occlusion/
stenosis that is absent or poorly opacified on the initial angio-
graphic phase but becomes more opacified on the delayed phases,
appearing denser than the equivalent vessel on the opposite side
(Figs 1 and 2). This sign can rapidly indicate the presence of an
ipsilateral vessel occlusion.

The aim of our study was to determine whether educating
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FIG 1. Multiphase CTA and follow-up MR imaging of an 83-year-old woman presenting with acute right upper limb weakness and dysphasia. A,
Axial MIP of the first phase demonstrates subtle paucity of vessels in the distribution of the left MCA compared with the right side. B, Axial MIP
of the second phase demonstrates the delayed vessel sign (long arrow). There is delayed enhancement of the distal left MCA via pial collateral
vessels (short arrows). This vessel is not seen on the first phase due to the presence of an M2 vessel occlusion. C, Axial MIP of the third phase
also demonstrates the “delayed” left MCA vessel (long arrow). D, DWI b=1000 image 2 weeks postpresentation demonstrates a recent infarct
(arrow) in the same left MCA territory.

FIG 2. Multiphase CTA in a 65-year-old man with acute left-sided weakness. A, Axial MIP of the first phase without obvious asymmetry. B and
C, Axial MIPs of the second and third phases demonstrate the delayed vessel sign (arrow) with opacification of a distal right MCA branch, which
was not opacified on the first angiographic phase due to a proximal M2 vessel occlusion. D, DWI b=1000 image 24 hours postpresentation
demonstrates an acute infarct (arrow) in the same right MCA territory.

radiologists of all levels of experience (resident to expert) on the
delayed vessel sign would improve sensitivity, confidence, and
speed in the detection of distal anterior circulation vessel occlu-
sions compared with SPCTA alone.

MATERIALS AND METHODS

Patients and Distribution of Intracranial Vessel
Occlusions

Approval for this study was obtained from the local ethics com-
mittee at Mater Misericordiae University Hospital. A senior radi-
ology trainee (D.B.), not involved in the formal evaluation of the
studies, selected all distal anterior (ie, M2/A2 segments or smaller)
circulation occlusions in patients who presented to our institu-
tion after MPCTA became standard practice and who fulfilled the
inclusion criteria (suspected acute ischemic stroke, having under-
gone NCCT and MPCTA, and follow-up cross-sectional imag-
ing). This process identified 23 appropriate distal anterior circu-
lation occlusions during the study period (January 2014 to
September 2016). Ten consecutive M1 occlusions in the study
period were also selected as a means of comparing the usefulness
of the sign for the detection of larger vessel occlusions. In addi-
tion, the last 10 consecutive studies with normal findings with
follow-up MR imaging available, obtained in the study period,
were included to assess false-positives.
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Of the 43 patients, 21 were women (mean age, 69 * 16.5
years; range, 33—94 years). Before evaluation, vessel occlusions
were deemed present or absent by a consensus of 2 neuroradi-
ologists not involved in image evaluation who had access to
follow-up imaging. The cases were randomly sorted to be eval-
uated by readers (neuroradiologists: P.J.M. with 10 years’ ex-
perience and E.C.K. with 15 years’ experience; radiology resi-
dents: G.S. with 2 years’ experience, and E.S. with 3 years’
experience).

Technical Parameters

Images were obtained with a 128-section multidetector CT
scanner (Somatom Definition AS+; Siemens, Erlangen, Ger-
many) at 120 kV, 90 mAs (effective) with a collimation of
128 X 0.6 mm. NCCT was performed from the skull base to the
vertex. The first phase of the MPCTA was performed from the
aortic arch to the skull vertex with the second and third phases
performed from the skull base to the vertex. The first phase is
timed to occur during the peak arterial phase with bolus mon-
itoring of the descending thoracic aorta and is commenced
after a 6-second delay. Eighty milliliters of intravenous con-
trast (iopamidol, Niopam; Bracco Imaging, Milan, Italy; 370
mg iodine per milliliter) is injected at a rate of 5 mL/s followed



Table 1: Results for radiology trainees®

Distal Occlusions Proximal M1 Occlusions Normal Study Findings
SPCTA MPCTA P Value SPCTA MPCTA P Value SPCTA MPCTA P Value
Sensitivity (%) 717 (57.4-827) 100(92.2-100)  <<.001 100 (83.8-100) 100 (83.8-100) NS - - -
Confidence (I-5) 3.8 (3.6-4.0) 4.8 (4.6-4.9) <.001 4.6(43-4.8) 5.0 .08 3.6(3.3-3.8) 5.0 <.001
Time (sec) 99 (90-107) 44 (40-49) <.001 72 (65-79) 34 (30-37) <.001 102(93-12) 56(51-61) <.001
Note:—NS indicates not significant.
2 Confidence intervals provided in parentheses.
Table 2: Results for neuroradiologists®
Distal Occlusions Proximal M1 Occlusions Normal Study Findings
SPCTA MPCTA P Value SPCTA MPCTA PValue  SPCTA MPCTA P Value
Sensitivity (%) 783 (64.4-87.7) 100 (92.2-100) .004 100 (83.8-100) 100 (83.8-100) NS - - -
Confidence (1-5) 3.8 (3.7-4.0) 49(4.8-5.0) <.001 47(4.5-4.9) 5.0 08 37(35-39) 49(47-5.0) <.001
Time (sec) 84 (78-90) 37 (34-41) <.001  67(60-74) 29 (26-32) <.001  81(78-85) 43(39-47)  <.001

? Confidence intervals provided in parentheses.

by 40 mL of saline at a similar rate. The second and third phases
are acquired after 11 and 22 seconds, respectively.

Thin sections (1 mm) are reconstructed for each phase, and
maximum intensity projections with 5-mm section thickness are
reconstructed at the scanner workstation in 3 planes (axial, sagit-
tal, and coronal) for each phase.

Image Interpretation

Stage 1. The NCCT and SPCTA (ie, the first phase of an MPCTA
study) were independently evaluated, and readers’ confidence,
speed, and sensitivity of detection were recorded. Readers were
provided with a brief clinical history, NCCT, and source images of
the SPCTA (ie, MIPs were initially not provided). On the NCCT,
absence of hemorrhage, the presence or absence of a hyperdense
vessel sign, and parenchymal infarction were recorded. Using
SPCTA source images, readers were asked to record the presence
and location of an intracranial vessel occlusion. A detailed analy-
sis of all images generated was not expected. Intracranial vessel
occlusions were classified as follows: right or left, anterior cerebral
artery (Al, A2, or A3), and middle cerebral artery (M1, M2, M3).
The time taken to complete the initial reading was recorded.
Readers’ degrees of confidence in their interpretation of each
study were recorded with a 5-point Likert scale (1 = not at all
confident, 2 = not very confident, 3 = neutral, 4 = confident, and
5 = very confident). Readers were then provided with the axial,
coronal, and sagittal reconstructed MIP images and asked
whether they preferred the source or reconstructed MIP images of
the SPCTA.

Stage 2. After an interval of at least 2 weeks, all readers were
educated on the delayed vessel. Readers were advised to immedi-
ately assess the second and third phases of the MPCTA rather than
the first phase to aid in the detection of delayed enhancement. A
positive delayed vessel sign is only present if a suspect vessel on the
delayed phases is poorly opacified on the initial phase. If the de-
layed vessel sign was identified, the readers were advised to follow
the vessel proximally and correlate with the linked initial angio-
graphic phase to aid in the detection of the point of vessel
occlusion.

Following this education, all readers re-evaluated the 43 cases
but with access to the source images from the entire MPCTA
study rather than just the initial phase. MIP reconstructions were

initially withheld. Readers were asked to record the same findings
as described in stage 1, but to also comment on the presence or
absence of the delayed vessel sign and on which phase it was most
pronounced. Readers were also asked to record the presence of
concomitant pial vessel hyperenhancement (which refers to the
presence of relatively asymmetric enhancing pial vessels on de-
layed phases of a MPCTA ipsilateral to an intracranial vessel oc-
clusion) and to record on which of the 3 phases this was most
obvious. Readers were then provided with reconstructed MIP im-
ages and asked whether they preferred the source or reconstructed
MIP images of the MPCTA.

Statistical Analysis

The significance level was set at P < .05. The McNemar test was
used to compare SPCTA with MPCTA results. To evaluate inter-
rater agreement between readers, we used unweighted k statistics
and 95% confidence intervals. Agreement was quantified as fair
(k = 0.21-0.40), moderate (k = 0.41-0.60), substantial (k =
0.61-0.80), or almost perfect (k = 0.81-0.99).

RESULTS

Distal Vessel Occlusions

There was a significant improvement in the sensitivity of the
detection of distal (A2, A3, M2, M3) anterior circulation vessel
occlusions on MPCTA compared with SPCTA (P < .001),
from 75% to 100%. Among the 2 radiology trainees, 33 of 46
(total) distal occlusions were detected on SPCTA and all distal
occlusions were detected with MPCTA. Among the 2 neurora-
diologists, 36 of 46 (total) distal occlusions were detected on
SPCTA and all distal occlusions were detected with MPCTA
(Tables 1 and 2).

Among radiology trainees (Table 1), for distal anterior cir-
culation occlusions, mean confidence improved from 3.8 for
SPCTA to 4.8 for MPCTA (P < .001). The average time taken
to interpret each case on SPCTA was 99 seconds and decreased
to 44 seconds with MPCTA (P < .001). Among neuroradiolo-
gists (Table 2), for distal anterior circulation occlusions, the
mean confidence was 3.8 for SPCTA, improving to 4.9 for
MPCTA (P < .001). The average time taken to interpret each
case on SPCTA was 84 seconds, decreasing to 37 seconds on
MPCTA (P < .001).
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M1 Occlusions

While all proximal (M1) occlusions were detected on both
SPCTA and MPCTA by all readers, there was significant improve-
ment in the speed of detection of M1 occlusions with MPCTA.
There was also a trend toward improvement in the confidence of
detection of M1 occlusions; however, this did not reach statistical
significance (P = .08). Among radiology trainees, for proximal
M1 occlusions, confidence improved from 4.6 with SPCTA to 5.0
with MPCTA (P = .08). The average time taken to interpret each
case on SPCTA was 72 seconds, decreasing to 34 seconds on
MPCTA (P < .001). Among neuroradiologists, for proximal M1
occlusions, the mean confidence was 4.7 for SPCTA, improving to
5.0 for MPCTA (P = .08). The average time taken to interpret
each case on SPCTA was 67 seconds, decreasing to 29 seconds on
MPCTA (P < .001).

Normal Study Findings

The average time taken to evaluate studies with normal findings
without an intracranial vessel occlusion significantly decreased
with MPCTA (49 seconds) compared with SPCTA (92 seconds)
(P < .001), and readers’ confidence significantly improved for
studies with normal findings with MPCTA (4.9) compared with
SPCTA (3.6) (P < .001).

General Findings

Both radiology trainees and neuroradiologists stated that in pa-
tients with an intracranial vessel occlusion, that they preferred
and were more confident with their findings after MIP images
were provided compared with source images (97.7% of MPCTA
cases and 90.9% of SPCTA cases). Readers stated that they were
more confident with MIP compared with source images in
100% of cases with normal findings without intracranial vessel
occlusion.

Opverall, the sensitivity of the delayed vessel sign for the pres-
ence of vessel occlusion was 96.2% (95% CI, 91.4%-98.3%) and
specificity was 100% (95% CI, 91.2%-100%). Overall, the posi-
tive predictive value of the delayed vessel sign was 100% (95% CI,
97.1%-100%), and the negative predictive value was 88.9% (95%
CI, 76.5%-95.1%).

With the Pearson correlation coefficient, there was a high cor-
relation between the presence of the delayed vessel sign and pial
vessel enhancement (r = 0.6465, P < .001).

Interrater agreement was almost perfect (k = 0.83) between
readers for distal anterior circulation intracranial occlusion detec-
tion with SPCTA and improved with MPCTA (k = 0.95). Agree-
ment was almost perfect for the presence of the delayed vessel sign
in cases of distal anterior circulation intracranial vessel occlusion
(k = 0.91) and was substantial (k = 0.75) for the presence of
asymmetric pial vessel enhancement.

DISCUSSION

In our institution, MPCTA is the standard angiographic tech-
nique in the investigation of suspected acute ischemic stroke.
Acute cerebral ischemia is a dynamic process requiring a dynamic
diagnostic approach.® In this context, the evaluation of patients
suspected of having acute ischemic stroke with single-phase CTA
is inappropriate. While perfusion CT is an established stroke im-
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aging technique (from which MPCTA-type images can also be
generated),”'? it is not universally available at all times of day,
especially in non-stroke centers. MPCTA is an alternative tech-
nique for achieving dynamic vascular imaging and may be more
widely applicable. Additional software-based postprocessing is
not required, and in our experience, accurate interpretation by
the nonexpert (especially if comfortable with SPCTA) is readily
possible after brief training.

MPCTA was primarily developed to improve the assessment
of pial collaterals; however, we have found, consistent with other
reports, that it also aids in the diagnosis of distal anterior circula-
tion occlusions.'"'* Our study provides an easily understood
means by which MPCTA can improve the detection of more distal
anterior circulation vessel occlusions. The previous studies,' "'
also demonstrating the superiority of MPCTA over SPCTA, did
not provide a clear mechanism by which this benefit is derived.
We have found that the delayed vessel sign on CTA can be com-
municated and understood quickly and easily by all medical pro-
fessionals involved in acute stroke care. We have shown that the
education of radiologists of different levels of expertise (but par-
ticularly trainee radiologists) on the delayed vessel sign leads to an
increase in the sensitivity and speed of detection of distal anterior
circulation vessel occlusions. We have also found that confidence
in interpretation increases significantly.

It is likely that the delayed vessel (most commonly the more
distal branches of the MCA) enhances slowly due to retrograde
opacification via pial collaterals. A process of retrograde opacifi-
cation is supported by the strong correlation between the pres-
ence of the delayed vessel sign and pial enhancement, an associa-
tion most evident on the same delayed phase (either second or

13 which is

third). Our sign is distinct from the “clot outline sign,
seen on procedural arteriograms obtained before intra-arterial
thrombolysis. This sign implies that the vessel in question is al-
most completely occluded and has minute blood flow past the clot
(ie, antegrade flow). The delayed vessel sign, which we describe, is
conceptually different because the vessel in question typically has
total occlusion, which fills retrograde via collateral vessels. Unlike
the clot outline sign, our study pertains to CTA, not procedural
arteriography, and is used to assist in the diagnosis of distal ante-
rior circulation occlusions rather than to predict treatment
responders.

In this new era of endovascular treatment of proximal large-
vessel occlusions, the detection and treatment of less severe stroke
due to more distal vessel occlusion remain essential.'* Recent data
suggest that patients with proximal M2 occlusions may benefit
from endovascular treatment; therefore, early accurate detection
of these occlusions will likely become more important.'>"® The
role of intravenous thrombolysis with tenectaplase in mild stroke
with distal vessel occlusion will be tested in the A Randomized
Controlled Trial of TNK-tPA Versus Standard of Care for Minor
Ischemic Stroke With Proved Occlusion trial (NCT02398656).

Patients are often initially triaged as having possible acute isch-
emic stroke by paramedics or other non-stroke specialists'” and
are referred for NCCT after early rapid clinical assessment.'”>°
The differential diagnosis of acute stroke from stroke mimics can
be a challenge, especially in milder cases.”’ Many patients present

22,23

to the hospital off-hours when there may be less immediate



FIG 3. Multiphase CTA in a 78-year-old man with expressive dysphasia and right-sided weakness.
A, Axial source image of the first phase of MPCTA without obvious asymmetry of the intracranial
vasculature. B, The delayed vessel sign is identified on the second phase (arrow), indicative of a
proximal occlusion. C, Axial source image of the third phase of the MPCTA. D—F, Axial MIPs of the
first, second, and third phases of the same patient. The delayed vessel sign is more apparent on
MIP image (arrow) of the second phase (E) compared with source images.

access to senior radiology personnel and hence greater reliance on
trainee radiologists for the initial interpretation of imaging.>**’
We think that this sign will aid in the rapid differentiation of
stroke from stroke mimics.”>** MPCTA comprises a large num-
ber of images that can seem daunting to interpret, especially in the
urgent clinical scenario of suspected ischemic stroke. The key to a
quick, confident, and accurate MPCTA interpretation, especially
in patients with an uncertain clinical diagnosis, is to immediately
assess the later phases rather than the initial phase for the presence
of the delayed vessel sign; this assessment can then accelerate the
identification of a vessel occlusion.

The purpose of MIPs is to give an overview of the target vessel
by generating a DSA-like image.>” MIPs are known to increase the
conspicuity of intracranial vessel occlusion and stenosis.”® In
97.7% of MPCTA cases and in 90.9% of SPCTA cases in this study,
both radiology trainees and neuroradiologists stated that they
preferred and were more confident with their interpretation when
MIP images were provided compared with source images alone.
The delayed vessel sign was often more apparent on MIP com-
pared with source images (Fig 3). Readers also reported that sym-
metric vessel enhancement in cases without an intracranial vessel
occlusion was easier to appreciate on MIP compared with source
images and reassured readers that no intracranial vessel occlusion
was present.

This study was affected by several limitations. First, while all
appropriate cases of distal anterior circulation occlusion were ret-
rospectively selected, an element of bias in case selection cannot
be excluded. For example, patients misdiagnosed as having a
stroke mimic at presentation may not have received follow-up
brain imaging and thus would not be included. Another limita-
tion is that we did not use DSA as a criterion standard in the

identification of an occlusion but rather
used the consensus opinion of 2 neuro-
radiologists not involved in the study.
Although the delayed vessel sign dem-
onstrated a high negative predictive
value in cases of distal occlusion, we hy-
pothesize that the sign would be absent,
or harder to appreciate, in patients with
poor collateral supply in the ischemic
territory. For example, in cases of basal
ganglia and internal capsule infarction,
territories supplied by lenticulostriate
branches,* the delayed vessel sign will
likely be absent because these vessels are
perforator arteries and lack collateral
blood supply.”® In addition, the delayed
vessel sign will be absent in cases of small
cortical infarcts, which are often caused
by occlusion of small pial vessels by mi-
croemboli.” The sign may falsely indi-
cate an acute intracranial occlusion in
several scenarios not encountered in this
study population, for example in the set-
ting of chronic intracranial occlusions/
stenoses and acute or chronic extracra-
nial occlusions. Readers were not timed
on their interpretation of the entire an-
giographic dataset but only on the time to establish the presence
or absence of a vessel occlusion. The times recorded in this study
are not a true reflection of the interpretation time for the entire
study. Our inclusion criteria limited the study to anterior circu-
lation stroke because this is the most common type of intracranial
vessel occlusion; however, the sign may also be applicable to the
posterior circulation.

CONCLUSIONS

The delayed vessel sign is a reliable indicator of anterior circula-
tion vessel occlusion and is particularly useful in cases involving
distal branches that are not easily identified on a single-phase
angiographic examination. Immediate assessment of the MIP re-
constructions of the later phases of an MPCTA examination for
the delayed vessel sign leads to a significant improvement in the
speed and confidence of detecting vessel occlusions.

Disclosures: Sean Murphy—UNRELATED: Travel/Accommodations/Meeting Ex-
penses Unrelated to Activities Listed: travel grants to attend the International Stroke
Conference, Houston, Texas, February 2017; sponsorship to attend the European
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