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ARTICLE

The use of neurovascular ultrasound versus
digital subtraction angiography in acute
ischemic stroke

O uso do ultrassom neurovascular comparado a angiografia digital no AVC isquémico
agudo

Marcos C. Lange, Tatiana R Bruch, Jeff C. Pedrozo, Luana Maranha, Thiago Maméru Sakae,
Robertson Pacheco, Paulo C. Souza, Viviane F. Zétola

ABSTRACT

Cervical and intracranial arterial evaluation is an important issue for acute ischemic stroke (IS). Objective: Compare the use of the
neurovascular ultrasound examination (NVUE) to digital subtraction angiography (DSA) in acute IS patients for diagnosing significant
extracranial and intracranial arteriopathy. Method: Nonconsecutive patients with IS or transient ischemic attack admitted within 12 hours
of the onset of symptoms were evaluated retrospectively. Standardized NVUE and DSA were done in all patients within the first 120 hours
of hospital admission. Results: Twenty-four patients were included in the study. Compared to DSA, the NVUE demonstrated 94.7%
sensitivity and 100% specificity for identifying symptomatic extracranial and/or intracranial arteriopathy. Conclusion: The standardized
NVUE technique demonstrated high sensitivity and specificity compared to DSA for diagnosing arterial abnormalities in acute IS patients.
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RESUMO

A avaliacéo cervical e intracraniana é uma etapa importante no AVC isquémico (AVCi) agudo. Objetivo: Comparar o uso do ultrassom
neurovascular (USNV) com técnica padronizada e a angiografia digital (AD) em paciente com AVCi agudo no diagnéstico de doenca arterial
significativa extra e/ou intracraniana. Método: Pacientes com AVCi e AIT admitidos em até 12 horas do inicio dos sintomas foram
retrospectivamente avaliados. Todos os pacientes foram submetidos a USNV e AD padronizado em até 120 horas da admisséao.
Resultados: Vinte e quatro pacientes foram incluidos no estudo. Em comparacéao com a AD, o USNV apresentou sensibilidade de 94,7% e
especificidade de 100% para o diagnéstico de doenca arterial significativa extra e/ou intracraniana. Conclusdo: O uso de técnica
padronizada de USNV demonstrou elevada sensibilidade e especificidade para o diagnéstico de doenca arterial significativa extra e
intracraniana quando comparado a AD.

Palavras-chave: ultrassom diagnéstico, ultrassom, angiografia, acidente vascular cerebral isquémico.

The neurovascular ultrasound examination (NVUE),
carotid and vertebral duplex (CVD) and transcranial
Doppler (TCD), is an important tool for identifying the etiol-
ogy of ischemic stroke (IS)". Previous studies demonstrated
that the compromise of the extracranial and main intracra-
nial arteries could increase the risk of recurrence of IS com-
pared to other stroke mechanisms, even after a transient
ischemic attack (TIA)>

The NVUE is a non-invasive and bedside evaluation per-
formed in an acute IS setting as a fast-track procedure, spend-
ing less than 15 minutes". In addition, the TCD methodology

helps identify microembolism secondary to heart disease and
proximal cervical arteries, evaluate recanalization and even
increase the effect of thrombolytic therapy™.

A more recent technique, transcranial color-coded duplex
sonography (TCCS), provides advantages compared to TCD
by adding B-mode and color-mode to the spectral Doppler,
but few studies have evaluated the NVUE that combines CVD
and TCCS during acute IS**". The aim of this study is to com-
pare the use of NVUE (CVD+TCCS) with the gold-standard,
digital subtraction angiography (DSA), in diagnosing significant
extracranial and intracranial arteriopathy in acute IS patients.
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METHOD

The authors retrospectively evaluated nonconsecutive
patients with IS or TIA admitted to the Emergency Room
between February 2010 and July 2011. Inclusion criteria
were: (1) fewer than 12 hours between the symptoms onset
and hospital admission; (2) confirmed diagnoses of IS or
TIA based on clinical, neurological and complementary
evaluations; (3) the NVUE (CVD + TCCS) must have been
performed within the first 12 hours of hospital admission;
(4) the presence of a bilateral temporal acoustic window
and a complete extracranial and intracranial evaluation;
(5) the DSA exam must have been performed within the first
120 hours of hospital admission. DSA evaluation was
considered in the current clinical practice for the patient
evaluation as the presence of cortical symptoms and/or
non-lacunar lesion and negative electrocardiography and
ecocardiography; and (6) non-clinical or technical contrain-
dication for DSA evaluation. The hospital ethics committee
authorized this study.

At admission, a neurologist promptly performed an
evaluation of all patients and a brain computed tomography
(CT) scan exclude other neurological diseases. Patients with
indications to thrombolytic therapy were submitted to the
local protocol treatment®,

All patients underwent a standardized NVUE looking for
any extracranial or intracranial abnormalities based on a
fast-track neurovascular ultrasound examination (15 min-
utes)'. In patients submitted to thrombolytic therapy, the
NVUE was performed more than 3 hours after the treat-
ment. The NVUE was performed in bedside with a portable
vascular duplex ultrasound (Vivid E®, GE). A 5-12 MHz lin-
ear probe was used for the extracranial evaluation, using the
B-mode, color-mode and angle-corrected spectral Doppler.
The bilateral extracranial evaluation was performed on the
common carotid artery (CCA), the external carotid artery
(ECA), the internal carotid artery (ICA) and the vertebral
artery (VA). For the intracranial evaluation, a 1.5-5 MHz
phased array probe was used in B-mode, color-mode and
spectral Doppler mode without angle-correction. An experi-
enced neurosonologist (MCL) blind to the clinical data per-
formed the exams and the NVUE results were informed to
the clinical team only after the complete investigation.

The bilateral intracranial evaluation was performed on
the intracranial internal carotid arteries (ICA), Al and prox-
imal A2 segments of the anterior cerebral arteries (ACAs),
M1 and proximal M2 segments of the middle cerebral arter-
ies (MCAs), P1 and proximal P2 segments of the posterior
cerebral arteries (PCAs), V4 segments of vertebral arteries
(VAs) and the basilar artery (BA). Intracranial abnormalities
were identified when an increased segmental flow velocity
associated with retrograde flow, vessel occlusion signals or
turbulent flow patterns were observed based on a fast-track

neurovascular ultrasound examination'. The flow velocity
measurements in the intracranial evaluation were not cor-
rected according to the incident angle">'*"". The stenosis
and occlusion of the extracranial vessels were based on pre-
vious studies®'>'*". All the DSA exams were performed by
two experienced neuroradiologists (PCS, RP) blinded to the
NVUE results and clinical data. The presence of extracranial
stenosis, occlusion higher than 50%, or any grade of intracra-
nial stenosis or occlusion was considered to be a significant
abnormality.

The present study evaluated the sensitivity, specificity,
negative predictive value (NPV), positive predictive value (PPV)
and the accuracy of NVUE compared to DSA (gold-standard)
for extracranial and intracranial evaluation. The following
variables were analyzed: mean age, gender, the median
National Institute of Health Stroke Scale (NIHSS) on admis-
sion, the median NIHSS at 24 hours, the median modified
Rankin Score (mRS) after seven days and three months, IS
or TIA etiology based in a complementary evaluation, symp-
tomatic stroke side, arterial stroke topography, stroke risk fac-
tors, time in days between NVUE and DSA evaluation, the
concordance between symptomatic NVUE and DSA findings
(i) with the extracranial evaluation, (ii) with the intracranial
evaluation, and (iii) with the combined extracranial and intra-
cranial evaluation.

Statistical analyses were performed using Epi Info 6.04
software. Statistical significance was assessed by the Chi-square
test for categorical variables. Statistical significance was set at
p < 0.05.

RESULTS

During the study period, 265 patients were admitted due
to IS or TIA, 165 were submitted to NVUE and 81 to DSA.
Sixty five (39.3%) IS or TIA patients underwent both evalua-
tions, NVUE and DSA, for etiological diagnoses. From this
group, 41 (63%) patients were excluded for the following rea-
sons: 25 (38%) patients were submitted to NVUE 24 hours
after the onset of symptoms, eleven (17%) patients had no
temporal window or an incomplete evaluation and five
(8%) underwent the DSA after 120 hours. The demographic
findings are presented in the Table 1.

The time period between the NVUE and the DSA was
2 + 1 days, and complications were not observed with any
of the diagnostic methods. In 24 patients, 456 arteries were
evaluated, including 192 extracranial arteries and 264
intracranial arteries.

For extracranial disease, the CVD identified 14 stenosis
(13 in the ICA and one in the VA) compared to 17 stenosis
(13 in the ICA and four in the VA) identified by the DSA.
Extracranial occlusion was observed in 10 arteries (one in
the CCA, eight in the ICA and one in the VA) by the CVD
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Table 1. Demographic characteristics of study patients.

Variable N %
Female 10 41.66
Mean age + PD* 59.25 + 14.47 -
Ischemic stroke 21 87.5
Transient ischemic attack 3 12.5
Stroke etiology
Large vessel 16 66.66
Cardioembolism 2 8.34
Small vessel 1 416
Undetermined 5 20.84
Stroke side
Left 13 5416
Right 11 45.84
Stroke topography
Middle cerebral artery 21 87.5
Anterior cerebral artery 1 416
Posterior cerebral artery 1 416
Vertebrobasilar circulation 1 416
Stroke risk factors
Arterial hypertension 15 62.5
Diabetes mellitus 5 20.84
Hypercholesterolemia 4 16.66
Smoking habits 10 41.66
Thrombolytic therapy 8 33.33
Median NIHSS™ admission 7 -
Median NIHSS' 24 hours 4 -
Median mRS* 7 days 2 -
Median mRS* 3 months 2 -

N: Cases number; *PD: Pattern deviation; "NIHSS: National Institute of
Health Stroke Scale; 'mRS: Modified Rankin Score.

compared to 11 (one in the CCA, eight in the ICA and two
in the VA) by the DSA. The CVD presented a sensitivity of
85.7% (95%CL 66.4-95.3), a specificity of 100% (95%CL
97.1-99.9), a PPV of 100% (95%CL 82.8-99.6), a NPV of
97.6% (95%CIL: 93.6-99.2) and an accuracy of 97.9% (95%CL
94.4-99.3), p < 0.001.

When only the symptomatic vessel for each patient was
considered, the CVD identified nine stenosis (eight in the
ICA and one in the VA) compared to nine stenosis (eight
in the ICA and one in the VA) identified by the DSA.
Extracranial occlusion was observed in six arteries (one in
the CCA and five in the ICA) by the CVD compared to six
arteries (one in the CCA and five in the ICA) by the DSA.
The CVD presented a sensitivity of 100% (95%CL 74.6-
99.3), a specificity of 100% (95%CL 97.3-99.9), a PPV of
100% (95%CL: 74.6-99.3), a NPV of 100% (95%CL: 97.3-99.9)
and an accuracy of 100% (95%CL 97.5-99.9), p < 0.01,
Table 2.

In the case of intracranial disease, the TCCS identified
three stenosis (all them in the MCA) compared to six sten-
osis (three in the MCA, two in the PCA and one in the ACA)
identified by the DSA. Intracranial occlusion was observed in
five arteries by both methods (one in the ACA and four in
the MCA). The TCCS presented a sensitivity of 72.7%
(95%CI: 39.3-92.6), a specificity of 100% (95%CI: 98.1-99.9),
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a PPV of 100% (95%CIL: 59.7-98.8), a NPV of 98.8% (95%CL:
96.3-99.7), and an accuracy of 98.9% (95%CL 96.4-99.7),
p < 001

When considering only the symptomatic vessel for each
patient, the TCCS identified one stenosis in the MCA com-
pared to two stenoses (one in the MCA and one in the PCA)
identified by the DSA. Intracranial occlusion was observed in
five arteries by both methods (one in the ACA and four in
the MCA). The TCCS presented a sensitivity of 85.7%
(95%ClL: 42.0-99.2), a specificity of 100% (95%CL: 98.2-99.9),
a PPV of 100% (95%CIL: 51.6-98.4), a NPV of 99.6% (95%CI:
975-99.9) and an accuracy of 99.6% (95%CL 97.6-99.9),
p < 001, Table 2.

The symptomatic stenosis and occlusion related to
stroke topography was observed in 18 cases by the NVUE
compared to 19 patients by the DSA, the only case that
was not identified by the NVUE was a distal left P2 PCA
stenosis, which probably occurred because this same patient
had multiple intracranial stenoses (one distal A2 ACA and
both distal P2 PCA segments) that were not suitable to be
detected by the TCCS.

When the NVUE (CVD + TCCS) was used to evaluate the
symptomatic artery, it demonstrated a sensitivity of 88.5%
(95%CI: 68.7-97.0), a specificity of 100% (95%CIL: 98.9-99.9),
a PPV of 100% (95%CIL: 82.2-99.6), a NPV of 99.3% (95%CL:
97.8-99.8) and an accuracy of 99.3% (95%CL 97.9-99.8),
p < 001, Table 2.

DISCUSSION

The present study demonstrated that in acute IS or TIA
patients, NVUE has a high sensitivity and specificity com-
pared to DSA for diagnoses of significant lesions in the extra-
cranial and intracranial symptomatic vessel.

The original fast track NVUE protocol (TCD + CVD), pub-
lished by Chernyshev et al., demonstrated a 100% sensitivity
and specificity compared to DSA, with all of the symp-
tomatic vessels identified by the NVUE' In the current
study, the NVUE (TCCS + CVD) demonstrated 88.5% sens-
itivity and 100% specificity compared to DSA, and the only
false negative finding was a distal P2 PCA stenosis that
was not visualized by TCCS. This limitation occurred
because TCCS is restricted to the proximal segments of
the arteries'. A similar study that compared TCCS + CVD
with DSA in acute IS patients demonstrated 95% sensitivity
and specificity when evaluating only restricted segments of
the MCA and PCA arteries®.

The importance of the NVUE in acute IS is related to its
capacity to identify the site of the clots, predict patient out-
come and evaluate vessel recanalization®. The identification
of tandem occlusion (ICA + MCA) could help in the decision
to an interventional therapy because intravenous reperfusion



Table 2. Carotid and vertebral duplex (CVD), transcranial color-coded duplex sonography (TCCS) and neurovascular ultrasound
examination (CVD + TCCS) in the diagnosis of symptomatic extracranial and intracranial arteriopathy compared to digital

subtraction angiography.

Accuracy Sensitivity Specificity Positive Predictive

Negative Predictive

(%) (%) (%) Value (%) Value (%)
Symptomatic extracranial arteriopathy by CVD 100 100 100 100 100
Symptomatic intracranial arteriopathy by TCCS 99.6 85.7 100 100 99.6
Symptomatic extracranial and/or intracranial 99.3 88.5 100 100 99.3

arteriopathy by NVUE

CVD: Carotid and vertebral duplex; TCCS: Transcranial color-coded duplex sonography; NVUE: Neurovascular ultrasound examination (CVD + TCCS).

treatments demonstrated a low recanalization pattern and a
poor outcome'.

The advantages of TCCS compared to TCD in the acute
setting are the use of M-mode and color-coded evaluation,
been more reliably to identify blood flow in a specific intra-
cranial vessel segment with more detailed allocation of ves-
sel pathology and more accurate measurements of the flow
velocity. Additionally, TCCS detects the position of the third
ventricle and a potential midline shift in the IS'. The use of
contrast-enhanced TCCS was better than TCD and TCCS in
the acute IS setting’. Unfortunately, this echocontrast agent
is not available in our country.

In the last decade, ultrasonography has been established
as an alternative diagnostic technique for evaluating and
screening acute stroke patients. The advantages of ultra-
sonography over other angiographic methods, such as mag-
netic resonance angiography or computed tomography
angiography, include its real-time results, non-invasiveness,
low cost, easy repetition and the possibility of a bedside
evaluation. The most significant limitations for its use are
technical skills required and the insufficient transtemporal
bone windows observed in 17% of cases in the current study.
In a previous study of TCD in a similar population, the insuf-
ficient transtemporal bone windows rated 11%"".

In the present study, all false negative by the CVD were
observed in the vertebral arteries when considering any
stenosis/occlusion, but this disappeared when considering
only the symptomatic vessel. This might be related to the
stenosis criteria to the vertebral disease and the lower accu-
racy to find the vertebral artery by ultrasound™.
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