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Accuracy of CTA evaluations in daily
clinical practice for large and medium
vessel occlusion detection in suspected
stroke patients

Martijne H. C. Duvekot1,2, Adriaan C. G.M. van Es3, EsmeeVenema2,4, LennardWolff5,
Anouk D. Rozeman1, Walid Moudrous6, Frédérique H. Vermeij7, Hester F. Lingsma4,
Jeannette Bakker8, Aarnout S. Plaisier9, Jan-Hein J. Hensen10, Geert J. Lycklama à Nijeholt11,
Pieter Jan van Doormaal5, Diederik W.J. Dippel2, Henk Kerkhoff1, Bob Roozenbeek2,5,
Aad van der Lugt5, and on behalf of the PRESTO investigators

Abstract
Introduction: Early detection of large vessel occlusion (LVO) is essential to facilitate fast endovascular treatment. CT
angiography (CTA) is used to detect LVO in suspected stroke patients. We aimed to assess the accuracy of CTA
evaluations in daily clinical practice in a large cohort of suspected stroke patients. Patients and methods:We used data from
the PRESTO study, a multicenter prospective observational cohort study that included suspected stroke patients between
August 2018 and September 2019. Baseline CTAs were re-evaluated by an imaging core laboratory and compared to the
local assessment. LVO was defined as an occlusion of the intracranial internal carotid artery, M1 segment, or basilar artery.
Medium vessel occlusion (MeVO) was defined as an A1, A2, or M2 occlusion. We calculated the accuracy, sensitivity, and
specificity to detect LVO and LVO+MeVO, using the core laboratory evaluation as reference standard. Results: We
included 656 patients. The core laboratory detected 89 LVOs and 74 MeVOs in 155 patients. Local observers missed 6
LVOs (7%) and 28 MeVOs (38%), of which 23 M2 occlusions. Accuracy of LVO detection was 99% (95% CI: 98–100%),
sensitivity 93% (95% CI: 86–97%), and specificity 100% (95% CI: 99–100%). Accuracy of LVO+MeVO detection was 95%
(95% CI: 93–96%), sensitivity 79% (95% CI: 72–85%), and specificity 99% (95% CI: 98–100%). Discussion and Conclusion:
CTA evaluations in daily clinical practice are highly accurate and LVOs are adequately recognized. The detection of MeVOs
seems more challenging. The evolving EVT possibilities emphasize the need to improve CTA evaluations in the acute
setting.
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Introduction

Endovascular thrombectomy (EVT) has become the stan-
dard of care for patients with an intracranial large vessel
occlusion (LVO) in the anterior circulation up to 6 hours
after onset and in selected patients even up to 24 hours after
onset.1–3 Because the effect of EVT is time-dependent, early
detection of LVO is essential for good clinical outcome.4 In
most stroke centers, CTangiography (CTA) is used to detect
LVOs during the acute work-up of suspected stroke
patients.5,6 Interrater agreement of LVO detection on CTA
has been reported ranging from 0.48 to 0.97.7–10 However,
this has only been assessed in a limited number of small
studies (sample size range 15–100) that were focused on
proximal LVOs and performed in retrospective, controlled,
and experimental settings.7–10 Most suspected stroke pa-
tients are referred to stroke centers without EVT capabilities
and half of the patients present outside office hours.11

Consequently, presence and location of LVO will often
not be assessed by neuroradiologists or interventionalists,
but by radiologists, neurologists, or residents with less
experience in vascular neuroradiology. So far, the accuracy
of CTA evaluations in the acute setting is unknown. We
aimed to assess the accuracy of CTA evaluations in daily
clinical practice in a large representative cohort of suspected
stroke patients in different hospitals.

Methods

Study design

We used data from the prehospital triage of patients with
suspected stroke (PRESTO) study, a multicenter prospec-
tive observational cohort study that included suspected
stroke patients in the ambulance between August 13, 2018,
and September 2, 2019.12,13 Inclusion criteria were new
neurological deficit defined as at least one point on the Face-
Arm-Speech-Time test, age 18 years or older, and blood
glucose of at least 2.5 mmol/L. For the current analysis, we
included patients with baseline CTA. Patients with intra-
cranial hemorrhage on baseline NCCT were excluded. The
Institutional Review Board of the Erasmus MC University
Medical Center Rotterdam has reviewed the study protocol
and confirmed that the Dutch Medical Research Involving
Human Subjects Act was not applicable. Because this study
met the exceptions of informed consent regulations, the
need for informed consent was waived. Detailed informa-
tion regarding the study is described elsewhere.13

Local procedures

The eight participating hospitals had an emergency de-
partment and stroke unit and were equipped for rapid di-
agnosis of ischemic stroke. Three hospitals had a radiology
residency training program, of which two centers were

intervention centers capable of EVT, including one aca-
demic hospital. During the PRESTO study, non-contrast
CT (NCCT), CTA, CT perfusion (CTP), magnetic reso-
nance imaging, or digital subtraction angiography could
be performed as part of the regular work-up, based on
the assessment of the treating physician. CTAs were per-
formed according to local clinical acquisition protocols
(Supplementary Table 1). Directly after imaging acquisi-
tion, the radiology resident or radiologist on call reviewed
the NCCT and CTA. CTA evaluations by radiology resi-
dents were always supervised by a radiologist. In clinical
practice, especially during the night shift, this supervision
was at a later moment. For this analysis, the final supervised
imaging report was used as local evaluation. Dutch national
guidelines recommend CTA if a diagnosis of ischemic
stroke is clinically suspected in patients without EVT
contra-indications. Regional protocols advised EVT in all
patients with an occlusion of the intracranial part of the
internal carotid artery (ICA), the middle cerebral artery
segment (M1 or M2), or the anterior cerebral artery segment
(A1 or A2), if EVT is possible within 6 hours after last-seen-
well, irrespective of stroke severity. During the course of the
study, patients with basilar artery occlusions were evaluated
for inclusion in the BASilar artery International Coopera-
tion Study.14

Central imaging storage and evaluation

All neuroimaging was de-identified and stored in an im-
aging database (XNAT; Neuroinformatics Research Group,
St Louis, MO). All baseline CTAs were reviewed by an
imaging core laboratory using RadiAnt DICOM Viewer
software (Medixant, Poland). Baseline NCCTwas provided
with the CTA. CTP (if performed) was not provided to the
imaging core laboratory. Core laboratory observers were
blinded to the final diagnosis or severity of the symptoms
but were informed about the following clinical symptoms at
baseline: presence and side of the hemiparesis, presence of
aphasia, or non-localizing symptoms in case of absence of
hemiparesis and aphasia.

LVO was defined as an occlusion of the intracranial ICA:
infraclinoid, supraclinoid, or terminal part of the ICA (ICA-
T), the M1 segment, or the basilar artery.15 MeVO was
defined as an occlusion of the A1, A2, or M2 segment. We
differentiated between proximal and distal M1 occlusions
based on the proximal versus the distal half of the M1
segment. The M2 segments were defined as the post-
bifurcation branches of the M1 segment. The M2-M3
transition was defined as the location where the arteries
rotate to the operculum and return in a horizontal position.

The imaging core laboratory consisted of seven expe-
rienced observers (four neuroradiologists and three inter-
ventional neuroradiologists). Each scan was evaluated by
one of six core laboratory observers (JB, ASP, JJH,
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ACGMvE, GJL, and PJvD). In case of discordant CTA
evaluations between the local observer and the imaging core
laboratory, the seventh core laboratory member (AvdL) re-
evaluated imaging, blinded to the prior assessments. If the
two core laboratory evaluations did not match, disagree-
ments were resolved in consensus by the two co-chairs of
the imaging core laboratory (ACGMvE and AvdL).

Statistical analysis

We reported continuous variables as mean and standard
deviation or median and interquartile range. We reported
categorical variables as numbers and percentages. To cal-
culate the sensitivity, specificity, and accuracy for the de-
tection of LVO and MeVO, we created contingency tables
with the local CTA evaluation as index test, and the final
core laboratory evaluation as reference standard. For the
contingency tables, we approached every LVO and MeVO
separately in patients with multiple occlusions. Other oc-
clusion locations were reported but were not used in the

analysis. To assess the effect of simultaneous CTP acqui-
sition or presentation in an academic hospital, we calculated
the test characteristics for the subgroup of patients with CTP
(that was only available to the local observers) and the
subgroup of patients that presented in the academic hospital.
Test characteristics for these subgroups were compared to
the test characteristics of the remaining cohort using
Fisher’s exact test.

Additionally, we compared two subgroups of patients
with a core laboratory confirmed LVO or MeVO: the pa-
tients with an LVO or MeVO detected by the local observer
and the patients with an LVO or MeVO missed by the local
observer. For this comparison, patients with multiple oc-
clusions were categorized in the subgroup of patients with a
locally detected occlusion if at least one LVO or MeVO was
locally detected. Between-group comparisons were made
with independent-samples t-test, Mann–Whitney U test, chi
square test, or Fisher’s exact test, as appropriate. To estimate
the clinical impact of occlusions missed by the local team,
we explored the potential EVT indication of these patients,

Figure 1. Flowchart of the patient inclusion.
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based on our regional treatment protocols. We assumed all
patients with a clinical diagnosis of ischemic stroke and
LVO or MeVO were technically treatable. If, in addition,
treatment was possible within 6 hours after last-seen-well
and the occlusion was symptomatic (NIHSS>0), we con-
sidered the patient eligible for EVT.

We assessed and reported completeness of the data. No
data imputation was used for the analyses. All analyses were
performed using R software (version 3.6.1) and RStudio
(version 1.0.153).

Results

Of the 1334 patients enrolled in the PRESTO study, we
included 656 patients for this analysis (Figure 1). Patients
had a median age of 73 years (IQR: 62–81), 290/656 (44%)
were women, and the median NIHSS score was 4 (IQR: 2–
9) (Table 1). Patients presented at the emergency department
at a median of 94 mins (IQR: 54–200) since last-seen-well.
Baseline NCCTwas performed 9mins (median) after arrival

at the emergency department (IQR: 6–13), followed by CTA
after another 6 minutes (median, IQR: 3–10).

Core laboratory evaluations of 596 CTAs (91%) were
consistent with the local evaluations (Figure 2). Sixty CTAs
(9%) had to be reviewed by a second core laboratory
member. The second core laboratory member agreed with
the first core laboratory assessment in 18 CTAs. Dis-
agreement concerning 42 CTAs (70%) was resolved in
consensus. Most discordances between the two core labo-
ratory evaluations concerned the presence of an occlusion
(30/42, 71%), in particular regarding the M2 segment (21/
30, 70%).

Performance of local CTA evaluations

The imaging core laboratory detected 89 LVOs and 74
MeVOs in 155/656 (24%) patients (Table 2). Eighteen
patients (3%) had occlusions in two different segments
(Supplementary Table 2). In total, local observers missed
6 LVOs (7%) and 28 MeVOs (38%), mostly of the
M2 segment (23/34, 68%), which was 35% (23/66) of all
M2 occlusions (Table 2). The core laboratory did not
confirm four locally presumed intracranial occlusions
(Supplementary Table 5).

The accuracy for the detection of LVO was 99% (95%
confidence interval (CI): 98–100%), with a sensitivity of 93
(95% CI: 86–97%) and a specificity of 100 (95% CI: 99–
100%) (Supplementary Table 3). The accuracy for the
detection of LVO+MeVO was 95% (95% CI: 93–96%),
with a sensitivity of 79% (95% CI: 72–85%) and a spec-
ificity of 99 (95% CI: 98–100%) (Supplementary Table 4).
Sensitivity of MeVO detection was 62% (95% CI: 51–
73%). Results for the detection of LVO or LVO+MeVO
were not significantly different for patients that underwent
CTP or for patients that presented in the academic hospital
(Supplementary Table 6–12).

Patients with LVO/MeVO missed by the
local observer

In 30/656 (5%) patients, local observers missed an LVO or
MeVO (Table 3). Patients with an LVO or MeVO missed
by the local observer had lower NIHSS scores, with a
median of 4 (IQR: 2–11), compared to the patients in
whom the LVO or MeVOwas detected locally (NIHSS 14,
IQR: 9–18, p<0.001). Patients with a missed LVO or
MeVO more often presented after the 6 hours after
symptoms onset [8/30 (27%) versus 15/125 (12%),
P=0.04]. Fifteen of these 30 patients (50%) received in-
travenous thrombolytics. Two patients of whom the oc-
clusion was missed by the local observer were diagnosed
with a transient ischemic attack. In 4/30 (13%) of
the patients with a locally missed LVO or MeVO, the
symptoms could not be (completely) attributed to the

Table 1. Patient characteristics.

N=656

Age (years) 73 (62–81)
Sex (female) 290 (44%)
Medical history
Atrial fibrillation 119 (18%)
Hypertension 433 (66%)
Hypercholesterolemia 473 (72%)
Diabetes mellitus 124 (19%)
Ischemic stroke 156 (24%)
Myocardial infarction 82 (13%)
Intracranial hemorrhage 4 (1%)

SBP (mean±SD) 159±28
NIHSS score 4 (2–9)
Workflow times (minutes)
Onset-to-door 94 (54–200)
Door-to-NCCT 9 (6–13)
CT-to-CTA 6 (3–10)

Hospital
A (academic hospital and intervention center) 90 (14%)
B (training hospital and intervention center) 233 (36%)
C (training hospital) 86 (13%)
D-I 247 (38%)

Final diagnosis
Ischemic stroke 513 (78%)
Stroke mimic 86 (13%)
TIA 57 (9%)

Data are median (IQR) or n (%), unless otherwise indicated. SBP = systolic
blood pressure. SD = standard deviation. NIHSS = National Institutes of
Health Stroke Scale. NCCT = non-contrast computed tomography. CTA =
computed tomography angiography. TIA = transient ischemic attack.
Number of missings: SBP: 4 (0.6%), NIHSS: 3 (0.5%), onset-to-door: 15
(2%), door-to-NCCT: 16 (2%), CT-to-CTA: 20 (3%).
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occlusion location, which was more often than in patients
with locally detected LVO or MeVO [2/125 (2%),
P=0.01]. Of all 155 patients with an LVO or MeVO, 102
(66%) were treated with EVT. Reason for omitted EVT

was most often because the occlusion was missed by the
local observer or the opportunity for treatment within the
6 hour time window was passed (Supplementary Table 13).
Based on our regional guidelines, EVT might have been

Figure 2: Flowchart of the core laboratory assessments. BA = basilar artery. ICA = internal carotid artery.
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indicated in 15/30 (50%) patients, if the occlusions would
have been detected by the local observer.

Discussion

This study is the first to assess the accuracy of CTA
evaluations of suspected stroke patients in daily clinical
practice. CTA evaluations to detect LVO are accurate.
However, a considerable proportion of MeVOs were not
detected in the acute setting. Missed MeVOs were mostly
located in the M2 segment.

The imaging core laboratory was not only more expe-
rienced but also benefited from the setting without time
pressure. Besides this, the need for a consensus meeting
because of discrepancies between core laboratory evalua-
tions confirmed the difficulty of occlusion detection in the
M2 segment. Patients with LVO or MeVO missed by the
local observer had milder neurologic deficit, which may be
explained by the proportion of more distal occlusion lo-
cations, but might also be because good collateral circu-
lation made the occlusions hard to detect. Patients with a
missed LVO or MeVO more often presented outside the
6-hour time window. Our core laboratory was instructed
carefully before the evaluations, but local observers had a
different objective, namely, rapidly assess EVT eligibility.
In patients that presented beyond 6 hours after last-seen-
well, local observers might have been focusing less on
MeVO presence. This is because beyond 6 hours after last-
seen-well, only LVOs and proximal M2 occlusions could be
included in the MR CLEAN LATE Trial. In some patients,
clinical symptoms could not be fully attributed to the found
occlusion location, so these occlusions might have been

pre-existent or asymptomatic. However, it remains impor-
tant to recognize all intracranial occlusions, in case of acute
neurological deterioration of the patient, to gain insight in
stroke etiology and the international tendency to treat more
distal occlusions.16, 17

One previous single-center study in which a panel of 2
neuroradiologist re-assessed CTAs of ischemic stroke patients
(n=522) concluded that 20% of the intracranial occlusions
were missed, mostly M2 occlusions.18 Other studies focused
on the interobserver agreement of CTA assessments, were
performed in controlled settings, and did not evaluate the CTA
evaluation in the acute setting.7–10 Observers in previous
studies ranged from neurologists and radiology trainees to
expert radiologists in neuroradiology. These studies demon-
strated that interobserver agreement of LVO detection varies
fromweak to strong.7–10Most of these studies were performed
in small and selected populations, and some did not include
occlusions of the M2 segment at all, or in small numbers.7,9

This study has some limitations. We used our final core
laboratory evaluation as reference standard, but since some
(mostly distal) occlusions are not easily detected, it is
possible there might have been more MeVOs that were
even missed by the core laboratory. We have no knowledge
regarding the exact training (e.g., radiological focus area)
and working experience of the local observers. It is likely
that the level of experience of the observers is an important
factor in the accuracy of CTA evaluations.18 Also, we have
no information about the time that was needed to detect the
intracranial occlusions. However, it is clear that locally
missed occlusions were not always easily detectable, even
by an experienced core laboratory. Another limitation is
that in a substantial proportion of the patients included in

Table 2. Occlusion locations.

Occlusions detected by the local team Occlusions missed by the local team

LVO and MeVO n=129 n=34
Infraclinoid/supraclinoid ICA 7 3
ICA-T 12 0
M1 (proximal) 31 0
M1 (distal) 28 2
M2 43 23
A1 1 0
A2 2 5
Basilar artery 5 1
Other occlusions: n=6 n=13
M3 0 2
A3 0 2
Vertebral artery (intracranial part) 1 4
P1 1 0
P2 4 5

LVO = large vessel occlusion, defined as an occlusion in the intracranial internal carotid artery, M1 segment or basilar artery. MeVO = medium vessel
occlusion, defined as an occlusion of the A1, A2, or M2 segment. ICA = internal carotid artery. ICA-T = internal carotid artery terminus.
of 164 patients had two occlusions, total occlusion count is 182.
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the PRESTO study, CTA was not performed. In clinical
practice, the indication of a CTA in suspected stroke patients
is determined by the treating physician. The Dutch national
stroke guidelines recommend that all patients with a diag-
nosis of acute ischemic stroke undergo CTA. This is most
often omitted because the likelihood of ischemic stroke or
presence of an intracranial occlusion is considered to be very
low. This implies that our cohort reflects the suspected stroke
population that would be subjected to CTA.

In contrast to local practices in our region, EVT of
MeVOs is not standardly recommended by all guidelines,
especially in patients with low NIHSS scores.15 Currently,
the ENDOLOW trial is being conducted to investigate
whether EVT improves clinical outcome of patients with
occlusions up to the M2 segment and low NIHSS (0–5).
Since the prevalence of ischemic stroke in the population is
expected to rise and EVT possibilities are developing, it is
crucial to improve the detection of MeVOs. Besides, even if

Table 3. Clinical and Imaging aspects of patients with intracranial occlusions confirmed by the core laboratory.

Patients with locally detected LVO/
MeVO n=125

Patients with locally missed LVO/
MeVO n=30

P-
value

Clinical aspects
Age (years) 73 (63–82) 73 (62–83) 0.89
Sex (female) 58 (46%) 17 (57%) 0.31
NIHSS score 14 (9–18) 4 (2–11) <0.001
Symptom onset
Witnessed 79 (63%) 18 (60%) 0.18
Wake-up stroke 14 (11%) 7 (23%) —

Unknown, not-witnessed 32 (26%) 5 (17%) —

CTA outside office hours 70 (57%) 14 (45%) 0.54
CTA during night-time 19 (16%) 5 (18%) 0.77
Presentation beyond 6 hours after symptom
onset

15 (12%) 8 (27%) 0.04

Presentation in training hospital 79 (63%) 18 (62%) 0.95
Presentation in EVT-capable center 66 (52%) 15 (52%) 0.95
Presentation in academic hospital 27 (21%) 3 (10%) 0.20
Workflow times (minutes)
Onset-to-door 85 (47–211) 111 (69–286) 0.08
Door-to-NCCT 8 (6–11) 8 (5–10) 0.78
NCCT-to-CTA 7 (4–11) 7 (4–10) 0.63

Diagnosis
Ischemic stroke 125 (100%) 28 (93%) 0.004
Transient ischemic attack 0 2 (7%) —

Treated with intravenous thrombolytics 75 (60%) 15 (50%) 0.53
Imaging aspects
Quality of the CTA—moderate/poor 8 (6%) 4 (13%) 0.45
Acquisition phase 0.75
Early/peak arterial 95 (74%) 24 (80%)
Equilibrium 23 (18%) 4 (13%) —

Peak/late venous 6 (5%) 2 (7%) —

Thin slices available (≤ 1 mm) 112 (90%) 27 (90%) 0.95
CTP performed 28 (22%) 3 (10%) 0.13
Clinical symptoms not (completely) attributed
to the occlusion

2a (2%) 4b (13%) 0.01

Data are median (IQR) or n (%), unless otherwise indicated. NIHSS = National Institute of Health Stroke Scale. CTA = computed tomography angiography.
EVT = endovascular thrombectomy. NCCT = non-contrast computed tomography. CTP = computed tomography perfusion.
Number of missings: NIHSS: 2 (1%), CTA outside office hours: 3 (2%), CTA during night-time: 5 (3%), onset-to-door: 2 (1%), door-to-NCCT: 3 (2%),
NCCT-to-CTA: 5 (3%), quality of the CTA: 6 (4%), acquisition phase: 1 (0.6%).
Patients with multiple LVOs/MeVOswere categorized in the subgroup of patients with a locally detected LVO/MeVO if at least one LVO/MeVOwas locally
detected.
a Two patients were diagnosed with an occlusion in the contralateral (asymptomatic) hemisphere.
b Four patients were diagnosed with an occlusion in a different vascular territory than the clinical symptoms suggested (cerebellar versus hemispheric) or
the contralateral hemisphere.
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patients with an LVO or MeVO would not be treated,
occlusion detection may influence stroke management, for
example, regarding blood pressure management. The first
step toward improvement is to be aware that in patients with
minor deficit, intracranial occlusions can still be present and
these occlusions might not always be obvious, especially in
theM2 segment. It is also important to thoroughly assess the
complete intracranial vasculature, both the anterior as the
posterior circulation, and not restrict to the clinically sus-
pected area. Additional training in LVO/MeVO detection
might also be helpful. Another possible solution to prevent
missing occlusions could be the acquisition of multiphase
CTA or additional CTP imaging. There is some evidence
that multiphase CTA improves the diagnostic accuracy for
occlusion detection.10 Visible perfusion defects on CTP
imaging might guide the observer to the occluded vessel and
ease the CTA evaluation.19,20 We found no differences in
LVO/MeVO detection by local observers in patients with CTP
and patients that presented in the academic hospital. However,
because these were small subgroup analyses and most CTPs
were performed in the academic hospital which was also the
only hospital with multiphase CTA, our study is not suitable to
assess the added value of either CTP or multiphase CTA.
Another development is the use of automated LVO detection
software is currently being explored and might also be used to
aid the radiologist in rapid detection of LVO.21

Conclusion

CTA evaluations in daily clinical practice are highly accurate,
and in general, LVOs are adequately recognized. The detection
of MeVOs seems more challenging. With the evolving en-
dovascular treatment possibilities, this emphasizes the need to
improve CTA assessments in the acute setting.
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