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T1

Ultrasound physics and knobology
L. Olah 

University of Debrecen, Department of Neurology, Debrecen, 
Hungary

To be a qualified neurosonologist, it is essential to understand 
the physics of ultrasound and be able to apply it on a daily ba-
sis. e lecture will review the basics of ultrasound transmission, 
characteristics of sound waves, behaviour of ultrasound at acous-
tic boundaries, as well as the resolution and penetration of ultra-
sound beam in body tissues. e Doppler effect and the Doppler 
principle, as well as the time-based gating method and pulse-echo 
approach in the pulsed-wave Doppler mode will be discussed. e 
sonographer should be aware of a relationship between dependent 
variables, like pulse-repetition-frequency, insonation depth and 
the measurable highest flow velocity. e lecture will cover the 
basic principles of image acquisition. Since multiple ultrasound 
modes are used during the examination, the examiner has to be 
familiar with the advantages and disadvantages of these modalities 
in order to accurately use this diagnostic method. Besides under-
standing the basic physics of ultrasound, a sonographer must un-
derstand pitfalls and artifacts to interpret properly the ultrasound 
results. 

In the second part of the lecture types of transducers, prop-
er setting of ultrasound machine, use of different knobs will be 
highlighted. Efficient use of ultrasound requires understanding of 
functions of different knobs, which serve to shift between different 
ultrasound modes as well as to produce a clear image of the struc-
ture of interest and to improve the image quality. 

T2

TCD examination protocol
Z. Garami

Vascular Ultrasound Laboratory 
Methodist DeBakey Heart & Vascular Center, The Methodist 
Hospital – Houston, USA

Transcranial Doppler (TCD) is the “doctor’s stethoscope for 
the brain”.  It is a non-invasive, safe, and cost-effective bedside test 
for evaluating the cerebrovascular circulation.  TCD shows the 

blood flow direction and velocity in the intracerebral vessels, add-
ing physiologic information to the anatomical images obtained 
with other imaging modalities.  TCD can also detect potential col-
lateral flow signals in the ophthalmic, anterior communicating, 
and posterior communicating arteries caused by hemodynamical-
ly significant carotid stenosis. TCD remains the only method for 
detecting asymptomatic embolization, but does even more. TCD 
provides essential “real time” hemodynamic information about 
the intracranial circulation compared to “static” brain imaging 
modalities.

TCD detection of embolic particulate matter and gas bubbles 
have been validated in laboratory and animal models. e Dop-
pler signal intensity of an embolus traveling in blood depends on 
its size and acoustic impedance.  Air, for example, has a much low-
er acoustic impedance than blood and, therefore, reflects sound 
waves to a greater extent. e minimum detectable diameter of 
gaseous emboli has been reported at 10 microns, while particu-
late emboli can be detected from 40 microns. Based on Consensus 
Committee guidelines, certain technical criteria must be met to 
qualify as microembolic signals (MES) by TCD. If MES are ob-
served on both the side of the carotid stenosis and the contralat-
eral side, the origin of the embolus may be from a central source, 
e.g., the heart or aorta.  Unilateral MES more likely result from 
carotid lesion or plaque.

Two major limitations exist with TCD impeding its widespread 
use. It is a true operator-dependent, hand-held technique requir-
ing detailed knowledge of the intracranial arterial anatomy. More 
critically, TCD is hampered by the 10-15% rate of inadequate tem-
poral windows most commonly seen in elderly female patients. A 
newer technology called Power Motion-mode TCD (PMD/TCD) 
appears to improve window detection and simplifies the operator 
dependence of TCD by providing multi-gate flow information si-
multaneously in the Power M-mode display. 

During carotid endarterectomy (CEA), when an intact Circle 
of Willis is not present and there are insufficient collateral path-
ways to maintain adequate MCA flow, a significant mean flow ve-
locity (MFV) drop is seen after placing the arterial clamps and can 
be accompanied by a dramatic decrease in pulsatility index (PI). 
In cases where sufficient collaterals exist, CEA without shunting 
can be performed, because there is a minimal drop in MFV after 
the arterial clamp is applied to the carotid artery.  If MFV remains 
>50% of baseline, shunt placement can be safely avoided, and by 
increasing mean arterial pressure (MAP) to 75-90% of the base-
line, flow can be restored during clamping.  Unlike CEA, sudden 
flow velocity and waveform changes are not generally seen in ca-
rotid artery stenting (CAS), except briefly during balloon angio-
plasty.  CAS cannot be performed without MES, because micro-
emboli are detected with the wire and catheter manipulations and 
our current filters and cerebral protections do not eliminate these 
embolizations during stent placement.
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T4

Carotid arteries: Classification of stenosis
J. Klingelhöfer

Medical Center Chemnitz, Department of Neurology, Chemnitz, 
Germany

e classification of internal carotid artery (ICA) stenosis is 
of great impact. e degree of stenosis is the main criterion for 
the decision between an invasive or non-invasive treatment of ex-
tracranial ICA stenoses. By now the NASCET criteria have been 
internationally approved for ICA grading. According to NASCET 
the stenosed lumen is compared with the lumen of the distal ICA. 
All ultrasound criteria do have limitations and can therefore cause 
pitfalls in determining the degree of stenosis using one criterion 
exclusively. e approach of peak systolic velocity (PSV) – for 
many reasons and no matter what threshold-PSV was chosen – is 
of limited value if taken as the primary and only criterion (Vasc 
Endovascular Surg 2012;46:466-74). erefore a multi-paramet-
ric grading of stenoses should be favoured. e multi-paramet-
ric “DEGUM” ultrasound criteria have been revised and a novel 
differentiation between main (primary) and additional (second-
ary) criteria has been proposed. Recently a similar consensus was 
reached by the “Neurosonology Research Group (NSRG) of the 
WFN” (Stroke 2012; 43: 916-21). e differentiation between main 
and additional criteria is caused by their different reliability. Main 
criteria include the following: Imaging of the stenosis in B-mode 
sonography; visualization of the stenosis by color-coded imaging 
of flow; measurement of PSV in the area of greatest narrowing of 
the lumen; measurement of PSV in the poststenotic segment; as-
sessment of the collateral supply. Additional criteria include the 
following: Prestenotic flow velocity deceleration in the common 
carotid artery; evidence of poststenotic flow disturbances; end-di-
astolic flow velocity in the area of greatest narrowing of the lumen; 
the so-called confetti-sign; the carotid ratio. e main advantage 
of a multi-parametric grading of ICA stenoses is the synergetic ef-
fect of the different single criterion. Combining these ultrasound 
criteria, neurosonography allows reliable and reproducible grad-
ing of carotid stenoses as a basis for decision making. 

T5

Estimating the degree of intracranial stenosis
C. Baracchini MD, FESO 

Department of Neuroscience, University of Padua School of 
Medicine, Padua, Italy

Ultrasound criteria for estimating the degree of intracranial ste-
nosis include direct and sometimes indirect hemodynamic effects 
on cerebral blood flow. Direct criteria for intracranial artery stenosis 
include: 1) a color aliasing phenomenon seen only with transcranial 
color-coded Doppler sonography; 2) a progressive focal increase of 
blood flow velocities in ≥ 50% stenosis. As a general rule for a vessel 
with straight walls, a 50% diameter reduction doubles the velocity, 

T3

TCCS examination protocol
S. J. Schreiber

Charité Universitätsmedizin Berlin, Dept. of Neurology, Berlin, 
Germany

TCCS is the current state-of-the-art ultrasound approach for 
transcranial insonation as it comprises direct structural informa-
tion derived from B-mode and color-mode images as well as in-
formation on blood flow of intracranial vessels. For instance in 
arterial analysis, TCCS allows to exactly identify more than 20 dif-
ferent vessel segments in excellent correspondence with the angio-
graphic or radiological nomenclature. ree routine TCCS access 
paths are being used, the transtemporal bone window, the transfo-
raminal and the transorbital bone window. 

TCCS usually starts with a transtemporal insonation. ere, 
five axial insonation planes (lower pons, upper pons, midbrain, 
thalamus, cella media) and two coronal planes (anterior and pos-
terior) are can be identified using B-mode landmarks like bone, 
parenchyma, vessel sheaths and ventricles. In the midbrain plane 
the following vessel segments can be visualised: M1– and M2-
MCA, A1– and A2-ACA, P1– and proximal P2-PCA and the head 
of the basilar artery. In the upper pons plane, the carotid siphon, 
ophthalmic artery and the posterior communicating artery are 
visualised. In the lower pons plane, the petrosal segment of the 
carotid artery (C6) is identified paralleling the course of the pet-
rosal bone. Within the thalamic plane the pineal gland, the third 
ventricle and lateral to both thalami M2– and M3-MCA branches 
are accessible, More posteriorly the P2– and P3-PCA are acces-
sible. e coronal transtemporal planes are of particular value to 
differentiate the proximal M1-MCA from the distal ICA (anterior) 
to analyse the distal BA and to differentiate the PCA from the su-
perior cerebellar artery (posterior). 

Transforaminal axial TCCS allows to analyse the V3– and V4-
VA and the posterior inferior cerebellar artery (lower plane) as 
well as the proximal two thirds of the BA, sometimes even the an-
terior inferior cerebellar artery (upper plane). 

Transorbital insonation permits insonation of the OA, and if 
a high-frequency ultrasound probe is used also of the optic nerve 
including the papilla and the central retinal artery and vein. 

Insonation power, gain and filter settings, size of the color-
window and the applied pulse repetition frequency of the ultra-
sound system should specificly be adjusted to achieve the best 
possible imaging results. As hardly any intracranial vessel segment 
runs a true straight course for more than 1 to 1,5cm, intracranial 
flow velocities are generally measured without angle correction to 
avoid additional measurement errors.
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Advanced Tutorials

T7

Ultrasound contrast agents applications 
E. Vicenzini

Sapienza University of Rome, Department of Neurology and 
Psychiatry, Neurosonology Laboratory – Stroke Unit, Italy

Since the 1960’ ultrasound contrast agents have been applied 
for ultrasound imaging. ese agents are composed of air micro-
bubbles, according to the principle that the tissue/air interface is 
a strong ultrasound reflector. At first, air saline shaken solutions 
were used by cardiologists to enhance the visualization of the right 
hear chambers and then, being these bubbles stopped by the pul-
monary filter, to detect right-to-left shunt with both echocardiog-
raphy and transcranial Doppler Sonography: the observation of 
the bubbles in the left heart chambers or in the middle cerebral 
artery shortly after peripheral contrast injection was indicative of 
the shunt. Later, second and third generations of ultrasound con-
trast agents were developed and they are composed of more stable, 
very small microbubbles of either low soluble gas covered with a 
shell of proteins, polymer or surfactant (second generation), or of 
a sulphur hexafluoride gas encased in a phospholipid shell (third 
generation). ese last generation microbubbles are of a diameter 
smaller than that of the red blood cells and they are therefore able 
to pass the pulmonary filter and distribute to arterial blood blow up 
to the capillary level and microcirculation, lasting for several min-
utes after the injection. From initial applications to obtain a better 
visualization through Color Doppler imaging, contrast ultrasound 
specific modalities has been developed to visualize specifically the 
signal of the microbubbles, thus depicting microvasculature and 
organs perfusion. From the first use in liver cancers, this technique 
has proven useful in several organs, including the study of cerebral 
perfusion in ischemic and hemorrhagic strokes and cerebral tu-
mors as well as for a better definition of plaque morphology and to 
investigate pathophysiology of the atherosclerotic unstable plaque, 
detecting plaque angiogenesis and vascularization. ese methods 
are reviewed in the presentation.

T8

Functional transcranial doppler sonography (fTCD)
J. Pretnar Oblak 

Department for Vascular Neurology and Intensive Neurological 
Therapy, University Medical Centre Ljubljana, Ljubljana, Slovenia

Functional transcranial Doppler sonography (fTCD) is a neuro-
imaging tool for measuring cerebral blood flow velocity changes due 
to various stimulations. fTCD uses pulse-wave Doppler technology 
to record blood flow velocities in the anterior, middle, and posterior 
cerebral arteries. fTCD can be used to assess the physiologic health 

and a 70% stenosis may triple the velocity at the end of the steno-
sis compared with a pre-stenotic segment. Noteworthy, in certain 
vessel segments (eg. P1-PCA, A1-ACA) there might be no signifi-
cant flow velocity increase, despite the presence of a stenosis, due to 
efficient collateralization (via ipsilateral ICA and PcomA, and via 
contralateral A1 and AcomA, respectively); 3) a paradoxical veloc-
ity decrease with very severe stenosis, near-occlusion or diffuse in-
tracranial disease; 4) a significant (≥30%) side-to-side difference of 
velocity; however, this criterion can only be applied to symmetri-
cal vessel segments after accurate angle correction. In case of severe 
stenosis, additional frequent findings are: 5) co-vibrations (i.e. high 
intensity signals at the zero line), 6) musical murmurs, which have a 
visual correlate called 7) mirror-image parallel strings. 

In severe stenosis (>80%), in addition to the direct criteria 
described above, there are indirect hemodynamic criteria which 
include proximal or distal flow alterations: 1) a diastolic velocity 
drop and high resistance in the feeding vessel or in the proximal 
segment of the stenotic vessel; 2) a delayed systolic flow rise and 
velocity drop (tardus et parvus) downstream; 3) flow diversion 
and 4) signs of collateralization.

In patients with recurrent symptoms despite best medical ther-
apy, ultrasound can detect a progression of the stenosis. In patients 
who have undergone cerebral artery angioplasty and/or stenting, 
ultrasound can verify the efficacy of endovascular treatment.

T6

Posterior vs. anterior cerebral circulation
J. Sargento-Freitas

Stroke Unit, University and Hospital Centre of Coimbra-H.U.C., 
Coimbra, Portugal

e neurosonologic approach to vascular pathology in anteri-
or and posterior circulation presents different challenges requiring 
knowledge of their anatomical, pathological and even embriologi-
cal specificities across extra and intracranial segments.

In the assessment of extracranial supra-aortic vessels the first 
difference arises from the anatomical construct of both circula-
tions. e Vertebral arteries stem from a short, initial segment of 
the Subclavian arteries and then progress in a longitudinal anas-
tomosis of segmental metameric arteries. After a cervical segment 
(V1) they advance in a relatively fixed path through the transverse 
processes of cervical vertebrae. is conditions pathological sus-
ceptibility to different disease mechanisms in each segment.

Intracranially, the posterior circulation is united in the midline 
through the course of the Basilar artery, branching into numerous 
vessels with anatomical and pathological specificities that need to 
be taken under consideration during ultrasound assessment.

e aim of this lecture will be to address the physiological dif-
ferences and pathological implications that must be appreciated 
during the neurosonological study of cervicocephalic arteries in 
the anterior and posterior circulation.
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suscitation syndrome. It may be associated with increased mortal-
ity and poor neurological outcomes. erefore, early detection and 
treatment of raised ICP is critical but often challenging. Invasive 
ICP monitoring is not routinely undertaken in these settings. Mag-
netic resonance imaging (MRI) is often undertaken in such patients, 
and may provide a noninvasive method of estimating ICP. As a non-
invasive method transcranial Doppler is sometimes impossible. 

e optic nerve is a part of the central nervous system, sur-
rounded by a subarachnoid space and experiences the same pres-
sure changes as the intracranial compartment. e intraorbital part 
of the sheath, and particularly its retrobulbar segment, can distend 
when ICP (and hence cerebrospinal fluid pressure) is elevated. e 
dural sheath surrounding the optic nerve communicates with the 
subarachnoid space and distends when intracranial pressure is el-
evated. Assessing the optic nerve sheath diameter (ONSD) by trans-
bulbar sonography and MRI is a useful tool for the non-invasive 
evaluation of patients with increased ICP (cut off values of 5.7-5.9 
mm) with a high intra– and interobserver reliability. It can be ap-
plied in patients with raised ICP like traumatic brain injury, hem-
orrhagic stroke, benign intracranial hypertension and brain death. 

T10

Transcranial B-mode sonography
U. Walter

University of Rostock, Department of Neurology, Rostock, Germany

Transcranial B-mode sonography (TCS) is a non-invasive, low-
cost, short-duration neuroimaging method that allows high-resolu-
tion imaging of deep brain structures in patients with inflammatory 
and degenerative brain diseases. Hyperechogenicity of the substantia 
nigra (SN), a TCS findings present in about 90% of patients with idio-
pathic Parkinson’s disease (PD), is already present in presymptomatic 
disease stages. e results of recent longitudinal studies suggest that 
TCS of SN may serve as a screening tool for detecting subjects at risk 
of later developing PD. Studies of our and other groups show that the 
combination of TCS with simple olfaction and motor tests already at 
very early disease stages discriminates PD from other parkinsonian 
disorders. In turn, normal SN echogenicity in combination with len-
ticular nucleus hyperechogenicity indicates an atypical Parkinsonian 
syndrome rather than PD with a specificity of more than 95%. TCS 
detects characteristic basal ganglia changes also in other movement 
disorders such as lenticular nucleus hyperechogenicity in idiopath-
ic dystonia and caudate nucleus hyperechogenicity in Huntington’s 
disease. Lenticular nucleus hyperechogenicity in Wilson’s disease has 
been proven histochemically to be caused by copper accumulation, 
while the same TCS finding is caused by iron accumulation in he-
reditary disorders with brain iron accumulation such as PKAN and 
MPAN. Reduced echogenicity of midbrain raphe is frequent in de-
pressive disorders and correlated with both, suicidal ideation and re-
sponsivity to serotonin reuptake inhibitors. An elegant application of 
TCS is the intra– and postoperative localization of deep brain stim-
ulation electrodes in patients with movement disorders. Upcoming 
technologies such as digitized image analysis and TCS-MRI fusion 
imaging will promote novel diagnostic applications of TCS. 

of a particular vascular territory by measuring blood flow responses 
to changes in blood pressure (cerebral autoregulation), changes in 
end-tidal CO2 (cerebral vasoreactivity), cognitive and motor activa-
tion (neurovascular coupling), application of L-arginine (endothe-
lial function) etc. In comparison to other neuroimaging techniques 
TCD offers an excellent temporal resolution, it is noninvasive and 
easy to apply. Blood flow velocity measurements are robust against 
movement artifacts. Overall fTCD is a very sensitive tool but re-
quires some knowledge for the interpretation of the results. e 
changes of blood flow velocity reflect blood flow changes only in 
stable conditions. e position of the probe has to be in the same 
spot during the whole recording in order to avoid changes due to 
the vessel diameter. End tidal CO2, mean arterial pressure and heart 
rate have to be monitored during all recordings.

TCD has become the most commonly utilized tool to study 
cerebral blood flow regulation in humans. e sudden changes in 
arterial pressure can be induced by a variety of techniques such as 
deflation of bilateral thigh cuffs, postural alteration, Valsalva ma-
neuver etc. Abnormalities in cerebral autoregulation are thought 
to occur in a number of clinical disorders such as stroke, suba-
rachnoid hemorrhage, postpartum angiopathy, eclampsia, synco-
pe, and traumatic brain injury.

TCD has also been used to test cerebral vasoreactivity. Chang-
es in ventilation (hyper– and hypoventilation or breathholding) 
and use of drugs such as acetazolamide can be used in order to in-
duce CO2-mediated changes on cerebral blood flow velocity. Cer-
ebral vasoreactivity describes the ratio of the percentage changes 
in cerebral blood flow velocity to changes in PaCO2. Diseases such 
as sleep apnea, congestive heart failure, carotid artery stenosis, and 
cerebral ischemia are associated with impaired vasoreactivity.

fTCD can be used to measure neurovascular coupling by record-
ing cerebral blood flow velocity during visual stimulation, as well as 
cognitive and motor tasks. fTCD has been particularly useful for the 
study of cerebral lateralization of major brain functions such as lan-
guage, facial processing, color processing etc. Neurovascular coupling 
is disrupted in diseases such as hypertension and ischemic stroke.

TCD can also be used to assess cerebral endothelial func-
tion. Intravenous application of L-arginine induces vasodilata-
tion through enhanced production of nitric oxide in the cerebral 
endothelium. Cerebrovascular reactivity to L-arginine (CVR-L-
Arg) seems to show specific cerebral endothelial function. So far 
CVR-L-Arg has been used to study cerebral endothelial function 
in many pathological conditions such as in patients with cardio-
vascular risk factors, stroke, migraine etc. 

T9

Optic nerve sheath diameter
A. Lovrenčić-Huzjan

Department of neurology, University Hospital Center „Sisters 
of mercy“, Referral center for neurovascular disorders of the 
Ministry of Health of Republic Croatia, Zagreb, Croatia

Raised intracranial pressure (ICP) is frequent in conditions like 
stroke, liver failure, meningitis, meningoencephalitis and postre-
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L2

Determine etiology and find reasons to treat: 
Ultrasound driven vascular neurology
A. V. Alexandrov

Department of Neurology, University of Tennessee Health 
Science Center, Memphis, TN, USA

Vascular Neurology became recognized subspecialty after sys-
temic thrombolysis with tissue plasminogen activator (tPA) proved 
to be effective therapy to reduce disability after stroke and neurolo-
gists realized the need to support disease-specific systems of care.

Before sub-specialization, neurologists with interest in cerebro-
vascular diseases pioneered vascular ultrasound tests to advance 
our understanding of stroke mechanisms and dynamics. Current 
Vascular Neurology training programs are supposed to include cer-
ebrovascular ultrasound into teaching curriculum but availability of 
hands on and in depth physics, fluid dynamics and interpretation 
training varies greatly between the continents and programs.

What makes a neurologist specialist in vascular disorders? 
Among many aspects, this requires advanced studies into imaging 
diagnosis of stroke. is has been largely delegated to multi-modal 
CT and MRI, and vascular neurologists commonly limit their di-
agnostic armamentarium to these tests. Fewer become proficient 
in ultrasound testing such as carotid duplex and transcranial Dop-
pler. It is imperative that experts in cerebrovascular ultrasound 
continue educational programs and advance research to stay cur-
rent with the future generations of vascular neurologists.

Finally, vascular neurologists have to be able to determine 
stroke etiology, pathogenic mechanisms and therapeutic targets in 
most stroke patients, not just a few super-selected by snapshot CT 
or MRI. is is where the knowledge and ability of performing and 
interpreting a variety of cerebrovascular ultrasound tests and real 
time monitoring becomes paramount. Ultrasound tests are an ex-
tension of the neurological examination, making our assessments 
truly neurovascular. In my opinion, the ability to use ultrasound 
complimentary to advanced imaging tests, answer the question 
why stroke is happening, and find reasons to treat (instead of ex-
cuses not to treat) – all of this makes Vascular Neurologist. 

T11

Opening and the Lecture  
of Excellence

L1

Development of ultrasound diagnostics in 
Croatia and the region
V. Demarin, MD, PhD, FAAN, FAHA, FESO

Fellow of Croatian Academy of Sciences and Arts, Professor 
of Neurology, Medical Director, Medical Centre Aviva, Zagreb, 
Croatia

Doppler ultrasound investigation of cerebral circulation has 
developed from simple zero-crossing detector technique to so-
phisticated color and power doppler flow imaging enabling non-
invasive assessment of carotid and vertebral arteries.

After its introduction in Japan and USA its use started in sev-
eral European countries, and in former Yugoslavia, as well. e 
first world congres on ultrasound (US) was held in 1969. in Vi-
enna. In 1971. eight European countries had established national 
ultrasound societies, and in 1972. delegates of 13 European socie-
ties met in Basel and founded European Society for Ultrasound 
in Medicine. Neurologists played a key role, and one of them was 
from Zagreb. In Zagreb the national ultrasound society was al-
so founded, with neurologist being the first president. From that 
time, Zagreb conducted the central role in implementation, devel-
opment and training of neurosonology in the region. Increased 
sophistication of ultrasound, in particular Doppler probes, has 
allowed direct interrogation of the neck vessels to detect stenot-
ic lesions first with duplex machines in 1974., and later on with 
color duplex equipment. Besides plaque morphology, stability and 
degree of stenosis, intima-media thickness can be assessed as a 
noninvasive surrogate marker of atherosclerosis. In 1982., low fre-
quency probes enabled assessment of intracranial hemodynamic, 
and they were first applied for monitoring of blood flow velocities 
in basal cerebral arteries in subarachnoid hemorrhage. e equip-
ment was quickly adopted in Europe, and in Croatia as well. e 
development of Transcranial Doppler (TCD) enabled information 
on intracranial vascular structures and intracranial hemodynam-
ic, vasoreactivity testing and emboli detection. Functional evalua-
tions of brain structures became also possible. With the improve-
ments and development of machines and techniques, indications 
and applications of US are constantly expanding.

Croatia had a leading role in implementation, development 
and training of neurosonology in the region.
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L4

Carotid IMT: From vascular risk assessment to 
genetic discoveries
T. Rundek, MD, PhD

Department of Neurology, Miller School of Medicine, University 
of Miami, FL, USA

Carotid intima-media thickness (CIMT) is an ultrasound im-
aging measures of subclinical atherosclerosis and a predictor of 
future stroke, myocardial infarction and death. It has been used 
as a surrogate marker of subclinical vascular disease in large pop-
ulation-based longitudinal studies and as an outcome in numer-
ous randomized multi-center clinical trials of different classes of 
anti-atherosclerotic medications worldwide. Regardless, the use of 
CIMT in clinical practice has been extremely limited by a lack of 
recognition of its value as a screening tool by medical communi-
ties and health care policy makers. Furthermore, there is a lack 
of reimbursement for CIMT in vascular clinics by the third-party 
payers engaged in the delivery of vascular imaging services in the 
U.S. and beyond. erefore, the use of CIMT has been reserved 
predominately for research. CIMT has been challenged recently 
by the negative outcomes of several lipid-lowering clinical trials. 
is presentation will address the role of CIMT in vascular dis-
ease risk prediction and discuss the net clinical benefit of CIMT 
for vascular risk prediction in the communities. In addition, the 
value of using CIMT in genetic research will be presented. e 
study of CIMT provides a powerful approach to elucidate genetic 
contribution to complex vascular disease at a stage that precede 
clinical disease onset. CIMT is highly heritable trait, but yet the 
genetic variants affecting CIMT remain largely unidentified. Sev-
eral CIMT GWAS have been conducted in general populations 
but none produced genome-wide significant results after correc-
tion for multiple testing. A recent CHARGE meta-analysis re-
ported several important genomic regions associated with CIMT. 
is presentation is intended to provide a practical guide for use of 
CIMT in clinical practice and epidemiology research and to pro-
mote the use of CIMT in genetic research for discovery of novel 
anti-atherosclerotic therapies in the future. 

L5

Carotid atherosclerosis: New examination 
methods
D. Russell

Department of Neurology, Oslo University Hospital, Oslo,  
Norway

romboembolic strokes have been shown to be effectively 
preventable by carotid endarterectomy. In current clinical practice 
patient selection for revascularization primarily involves assess-
ment of the severity of luminal stenosis. It has, however, become 
increasingly clear that the degree of luminal stenosis alone is not 
the best predictor of stroke risk. e composition of an athero-

Session I: Comprehensive assessment 
of atherosclerosis by ultrasound

L3

The acute symptomatic carotid artery plaque
E. Vicenzini

Sapienza University of Rome, Department of Neurology and 
Psychiatry, Neurosonology Laboratory – Stroke Unit, Italy

Backgrounds: in one third of cases, ischemic stroke is caused 
by an artery-to-artery embolism from an unstable carotid plaque. 
Sonographic features of plaque unstability have been described 
over years, varying from morphological structural aspects to more 
complex pathophysiological mechanisms, such as increased angi-
ogenesis at contrast ultrasound. We present the experience of our 
neurosonology laboratory in assessing carotid plaques in stroke 
patients.

Methods: standard neurosonological evaluation of carotid 
vessels and intracranial arteries has been performed in stroke pa-
tients admitted to our ward, as well as in asymptomatic patients 
during their vascular work-up. Plaques have been evaluated ac-
cording to the echogenicity, surface, stenosis degree, plaque mo-
tion and ultra structural aspects with high-resolution B-Mode 
ultrasonography. Ultrasound contrast agents were also applied in 
selected patients to better define plaque morphology and to detect 
plaque angiogenesis and vascularization.

Results: severe stenosis and plaque echographic heterogene-
ity with hypoechoic areas and surface ulcerations are universally 
considered “at risk”. Acute symptomatic plaques, even of moderate 
degree, show particular aspects of low echogenicity with altered 
motion, and with the frequent presence of superimposed thrombi 
or fibrin strands on the plaque surface. When plaque rupture is 
acutely correlated with clinical symptoms, no reendotelization or 
fibrous cap can be detected on the base of the ulceration. Con-
trast ultrasound can help in the definition of plaque morphology 
with increased sensitivity in detecting plaque surface fissuration 
and pseudocclusions identification. Moreover, contrast ultra-
sound shows a different pattern of vascularization in symptomatic 
plaques, varying from increased overall angiogenesis to localized 
spots of contrast enhancement nearby the sites of plaque rupture.

Conclusions: ultrasonography, a real-time technique with 
high resolution, has a high sensitivity in detecting plaque mor-
phological changes related with higher instability, thus helping 
to discriminate whether the plaque is responsible of the clinical 
symptoms in stroke patients and thus characterizing the “acute 
symptomatic plaque”.
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Session II: Heart and Brain

L6

The heart’s effect on the brain atrial fibrillation 
and stroke prevention-update
N. M. Bornstein, MD, Head of Stroke Unit

Dept. of Neurology, Tel-Aviv Medical Center Sackler Faculty of 
Medicine, Tel-Aviv University, Tel-Aviv, Israel

Approximately 20%-25% of all ischemic strokes are cardioem-
bolic stroke.

Non-Valvular Atrial fibrillation (NVAF) is the most frequent-
ly found arrhythmia with a prevalence of 0.4 – 0.7% in the gen-
eral population. e prevalence of AF rises to approximately 6% 
in population older than 65 years, and up to 10% in people older 
than 75 years.

AF related stroke comprises approximately 45% of all cardi-
oembolic strokes.

AF is a well-established independent risk factor for stroke, 
leading to 5.6-fold increase of risk. Risk for recurrent stroke in AF 
patients without antithrombotic treatment is 12% per year. An is-
chemic stroke will occur during lifetime of about 35% non-antico-
agulated AF patients.

According to Class I evidence, adjusted-dose warfarin reduces 
risk of stroke in AF patients by about 70% and aspirin by only 20%. 
Treatment with warfarin is recommended with target INR of 2.5 
(range 2.0-3.0). However, treatment with warfarin is problematic, 
only about 50% of AF subjects are taking warfarin and of those 
only 50% are on target INR erefore ,newly developed anticoagu-
lant were approved as a replacement for warfarin(NOACs)

ree novel anticoagulants (NOACs)-dabigatran etexilate, ri-
varoxaban, apixaban– have been approved in many countries for 
stroke prevention in atrial fibrillation, because they are associated 
with the same or lower rates of stroke, bleeding (particularly in-
tracranially) and death compared with warfarin; and unlike war-
farin, they can be given in fixed doses without routine coagulation 
monitoring. e effects of NOACs compared with warfarin are 
consistent in almost all populations and patients subgroups stud-
ied. e lack of antidote to the NOACs in patients who experience 
major bleeding has not yet been associated with worse outcome 
among patients treated with NOACs compared with warfarin in 
secondary analysis. Multiple guidelines for the management of AF 
now recommend the NOACs for stroke prevention among atrial 
fibrillation (AF) patients at risk for stroke. 

sclerotic plaque and a thin or ruptured fibrous cap may be more 
important.

New methods are therefore being developed which may in the 
future enable a more accurate and objective identification of CAD 
patients with an increased stroke risk.

e Oslo Toshiba Ultrasound Research Group is currently as-
sessing new ultrasound methods which include:

1.  Elastography which uses strain images of soft tissue to de-
termine plaque content. Soft and hard tissue respectively 
shows a larger and smaller strain. is is being used to de-
termine plaque content such as calcification, lipid content 
and hemorrhage.

2.  Flyru volume rendering technology which uses 4D da-
ta to produce a perspective view from within the lumen 
similar to an endoscopic image. is is being used to de-
tect plaque surface irregularities and possible ulceration or 
rupture.

3.  Superb Microvascular Imaging (SMI) with a high density 
beam former architecture allows for very high frame rates 
and a proprietary algorithm which isolates and removes clut-
ter (e.g. flash artifacts). is provides unparalleled visualiza-
tion of hemodynamics especially when imaging low flow ve-
locities. is is being used to assess plaque revascularization.

MRI may be used to detect intraplaque hemorrhage, lipid-rich 
necrotic core, and thinning/rupture of the fibrous cap.e use of a 
contrast agent improves quantification of total plaque burden, and 
contrast between fibrous cap and lipid core. Dynamic contrast-en-
hanced MRI allows assessment of plaque neovascularization. 

Currently, there are few in vivo human studies on functional 
imaging of carotid plaques: these initial studies have shown the 
potential of USPIO-enhanced MRI and 18F-FDG PET to identify 
inflammation. More research is needed to determine their value in 
risk stratification. 

Biomarkers have been shown to improve prediction inde-
pendent of conventional risk factors. Matrix metalloproteinase 7 
(MMP-7), the calcium-binding proteins calgranulins (S100A12) 
and are two such candidates.

 It is at present undecided whether one imaging modality or a 
multimodality approach is most effective. Prospective clinical tri-
als are needed to demonstrate if imaging methods do indeed result 
in an improvement in defining unstable carotid artery plaques and 
if they can predict patient outcomes, particularly in asymptomatic 
subjects.
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er) in the setting of a patient with a non-lacunar stroke is highly 
suggestive of an upstream (cardiac) source of an emboli. Moreo-
ver, initial occlusion of a vessel at a bifurcation followed by spon-
taneous recanalization or documentation of active embolization 
through detection of microembolic signals by transcranial Dop-
pler is also indicative. Lastly, even if the exam is not performed in 
the first day, Doppler hemodynamic signs of post-ischemia hyper-
aemia in a symptomatic territory suggest a recent revasculariza-
tion of an embolic occlusion. 

In order to deal with the burden of this enormous disease, each 
country warrants a multidisciplinary approach, involving correct 
identification of AF, even if paroxysmal, individual patient risk as-
sessment, and an adequate stroke preventive treatment. 

Fortunately, there have been important scientific break-
throughs on diagnosis and treatment of AF. Paroxysmal AF pre-
sents the same cardioembolic risk as the continuous AF, although 
it is often difficult to diagnose. Particularly in the case of a cryp-
togenic stroke with embolic characteristics, paroxysmal AF has 
to be exhaustively searched and might require long-term cardiac 
rhythm monitoring systems, which have been recently developed. 
Other new achievements are the therapeutic advances in oral an-
ticoagulation treatment, allowing increased efficacy and safety, 
along with a better convenience to the patient.

All these new approaches are changing the paradigm of the 
acute stroke management, challenging the stroke unit neurologist.

Session III: Treatment decisions  
guided by ultrasound

L9

Cerebral vasomotor reactivity testing and 
functional TCD in cardiac sources of stroke
M. Mijajlovic

Neurology Clinic, Clinical Center of Serbia; School of Medicine 
University of Belgrade, Belgrade, Serbia

Many factors influence cerebral vasomotor reactivity (VMR), 
which reflects cerebral small vessels functional status, includ-
ing morphological and functional parameters of large and small 
brain blood vessels. Autoregulation of cerebral blood flow (CBF) 
ensures delivery of oxygenated blood to the brain commensurate 
with cerebral O2 demand. Intact autoregulation protects the brain 
from ischaemia caused by acute arterial pressure fluctuations. In 
contrast, disturbed autoregulation has been found to be indepen-
dently associated with mortality after brain Injury. It is generally 
accepted that cerebral autoregulation may become impaired after 
stroke by damage to cerebral arterioles and capillaries during is-
chemia or other chronic insults (like hypertension).

L7

Cryptogenic stroke, the chameleon among 
stroke etiologies
E. B. Ringelstein

Medical Faculty, University of Muenster, Muenster, Germany

Crytogenic stroke (CryS) is defined by the TOAST classifica-
tion as cases where the origin is unclear despite extensive investi-
gations, or where multiple causes are possible and a definite cause 
cannot be determined. is accounts for 20% up to 30% of all is-
chemic strokes. Guidlines regulate that CryS has to be treated with 
ASA, however, if AF were detected, oral anticoagulation would be 
the treatment of choice. is is why doctors are obliged to care-
fully work-up CryS. We have to consider a broad spectrum cover-
ing extracranial occlusive disease (carotid, vertebral), Intracranial 
occlusive disease (carotid distrib., VB), small artery disease, and 
rare types of CV disease like dissection, inflammation, radiation-
induced, genetical, and FMD, etc. Of particular interest is „cardi-
oembolism“ which includes not only Intracardiac sources of em-
bolism (AF, with or without thrombus in LAA, ventricle, valve, 
acute MI, etc.), but also extracardiac sources of embolism, namely 
precardiac (PFO and other shunts, DVT, pulmonary fistulas) and 
postcardiac locations of thrombotic processes (aortic arch, as-
cending/descending). Many of these conditions can be pinpointed 
with refined ultrasound techniques but some require MRI tech-
niques and intelligent long-time ECG recordings . A comprehen-
sive diagnostic prgram will be presented. 

L8

Facing the burden of AF with ageing
E. Azevedo

Hospital Center São João, Department of Neurology, Serviço de 
Neurologia, Porto, Portugal

Atrial fibrillation (AF) is undoubtedly one of the major haz-
ards of contemporary medicine. Its prevalence is increasing, espe-
cially in the elderly, and AF-related cardioembolism is becoming 
the most frequent cause of stroke in this age group. is scenario 
is aggravated by the fact that cardioembolic stroke is frequently 
associated with a high morbimortality. AF also contributes to the 
vascular cognitive impairment, either through symptomatic acute 
ischemic cerebral infarcts, and/or through the multiple small, only 
apparently silent, cardioembolic ischemic lesions.

It is well settled that with appropriated treatment AF cardi-
oembolic risk decreases significantly. Anticoagulation therapy is 
particularly effective in reducing the cardioembolic risk after a 
stroke and when administered to aged people. However, the ideal 
is to use it for preventing a first stroke, in primary prevention.

Upon the diagnostic work-up of an acute stroke patient the 
use of ultrasound techniques may add great clinical significance. 
Firstly, the absence of significant arterial extra and intracranial pa-
thology (such as atherosclerotic plaques, arterial dissection or oth-
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monitoring are crucial for adjusting medical management and af-
fecting overall disease outcomes. 

Imaging of sCAD plays a major role in diagnosis and follow-
up of patients with sCAD. Catheter angiography may reveal lu-
minal narrowing, tapered, flame-like occlusion, pseudoaneurysm, 
intimal flap, double lumen or distal branch occlusion. MR images 
the periarterial rim of intramural hematoma. Neurosonological 
techniques are useful in the assessment of patients with sCAD, but 
confirmatory radiological testing is almost always indicated. e 
extent of the dissection is important in management of patients for 
therapeutic decisions on selection of antithrombotic treatment.

Besides diagnostic potential, neurosonological techniques 
enable monitoring of the course of the dissection, recanalization 
and recurrence rate and presence of embolic signal. Microem-
bolic signals on transcranial doppler indicate higher stroke risk 
and require stronger antithrombotic therapy. Duplex sonography 
may also display asymptomatically involvement of other arteries 
that may occur simultaneously or sequentially within a short time 
frame. Daily monitoring of patients with sCAD showed high rate 
of recurrence, especially in previously unaffected arteries, suggest-
ing that recurrence of early cerebral ischemia and late sCAD may 
be underestimated. Monitoring the course of the dissection is im-
portant in duration of antithrombotic treatment. 

In patients with sCAD neurosonological tests may also show 
overlap with other vascular diseases of low incidence in which the 
recurrence rate is higher, thus enabling prognostic information.

Recent data of patients with sCAD have been helpful in im-
proving the understanding of the pathophysiology, risk factors, 
clinical picture and course of sCAD. However, the molecular 
mechanisms underlying this disease are still poorly understood 
and treatment decisions are empirical and not evidence based. 
Neurosonological tests may be helpful in clinical guiding manage-
ment of patients with sCAD. 

L12

Right‐to‐left shunt detection by TCD ‐ is it still 
necessary for the routine clinical workup?
S. Horner

Universitätsklinik für Neurologie, LKH– Universitätsklinikum 
Graz, Graz, Austria

e patent Foramen ovale (PFO) is present in approximately 
25% of the general population. Studies conclude that the PFO is 
not an independent predictor of stroke. However, there is evidence 
for an increased prevalence of PFO in cryptogenic young stroke 
patients. Other possible causes of right-to-left shunting (RLS) 
leading to embolic stroke, such as shunting at the pulmonary level, 
are often neglected in cryptogenic stroke patients. e impact of 
RLS detection has been studied also in other diseases considered 
to be associated with paradoxical embolism such as migraine and 
decompression sickness.

Determination of the cause after index stroke is essential in 
guiding diagnostic and therapeutic strategies. erefore, in young-
er stroke patients studies that can identify RLS may be consid-

Significant alterations in autonomic nervous system (ANS) 
function, VMR, and CBF may also develop from damage to brain 
ANS regulatory areas in heart failure.

Impaired VMR is usually affected by a presence of carotid ste-
nosis. However, in some cases it can be impaired in the absence of 
carotid stenosis due to several poorly characterized mechanisms. 
One of the potential reasons could be atrial fibrillation that is 
knowing to be one of the major risk factors for ischemic stroke. 
Stroke could also occur in approximately 2% to 3% of adult cardiac 
surgery patients due to impaired VMR/CBF.

In a meta-analysis of stroke incidence after myocardial infarc-
tion, the risk of stroke was estimated to be approximately 1.1% dur-
ing hospitalization and 2.1% at 1 year usually caused by systemic 
embolisation, including mural thrombus, cardiac arrhythmias and 
impaired left ventricular ejection fraction. Many asymptomatic pa-
tients with potential sources of cardiac embolism have signs of cer-
ebral embolism on brain imaging studies and transcranial Doppler 
monitoring. It remains unclear whether impaired cerebral vasomo-
tor reactivity also reflects more systemic vascular damage.

L10

Unstable carotid artery plaque
H. Poppert

Neurologische Klinik und Poliklinik, Medizinische Notaufnahme, 
Technische Universität München, Germany

To date the decision for invasive therapy in carotid artery ste-
nosis is mainly driven by symptoms and the degree of stenosis. 
However, this approach does not reflect our current understand-
ing of plaque pathology. e main diagnostic challenge is to define 
specific plaque vulnerability besides simple definition of luminal 
narrowing. 

Ultrasound offers the opportunitiy to depict the vessel wall itself. 
It further allows to account for hemodynamic features and to detect 
embolic signals deriving from the plaque. Detection of plaque vas-
cularization might also play a prominent role in the near future.

In this lecture the capabilities and limitations of ultrasound 
techniques to define vulnerable plaques and trigger therapeutic 
decisions will be critically discussed. 

L11

Treatment decissions in craniocervical artery 
dissection
A. Lovrenčić-Huzjan

Department of neurology, University Hospital Center „Sisters 
of mercy“, Referral center for neurovascular disorders of the 
Ministry of Health of Republic Croatia, Zagreb, Croatia

Spontaneous craniocervical artery dissection (sCAD) is a 
common etiology of ischemic stroke in young adults. However, 
it remains often unrecognized. Accurate diagnosis of sCAD and 
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neurovascular coupling has its shortcommings and that cognitive 
functions interrelate in complex ways it would be most appropri-
ate to consider all of the mentioned methods a surrogate marker 
for exploring changes in neural activity. 

L14

Recent experiences with antihypertensive drugs 
– cognition and ultrasound
L. Csiba and B. Hidegh 

Department of Neurology, Debrecen University, Debrecen, Hungary

e lecture deals with the pathogenesis of cognitive changes in 
hypertension, the impact of antihypertensive treatment on the cog-
nition and the role of ultrasound. e chronic hypertension results 
in white matter lesions, cerebral hypoperfusion and the findings 
correlate with the decline of attention and executive functions. 

e majority of the previous trials studied the white matter 
changes, while cognitive decline is more closely related to grey mat-
ter alterations than to white matter changes. Up till no, there is no 
evidence that hypertension treatment accelerates the progression of 
grey matter changes. Inappropriate blood pressure lowering in hy-
pertensives may also accelerate the risk of cerebral hypoperfusion 
because of the impaired cerebral blood flow autoregulation. is vi-
cious circle worsens the cognition especially in patients with more 
vascular risk factors. e role of antihypertensive therapy in pre-
venting dementia or cognitive impairment in hypertensives is still 
a matter of debate. e efficient therapy of hypertension might pre-
vent dementia, however, the results of th eprevious studies are not 
conclusive. It is a controversial question whether some antihyper-
tensives improve while others worsen the cognitive performance. 
ree randomised controlled trials, found positive results on cog-
nitive function, while other four ones did not find any significant 
effects. e author summarizes his pilot observations with two dif-
ferent ACE inhibitors (enalapril vs lisinopril) on the cognition of 
hypertensive patients and the role of ultrasound in the follow up. 

L15

L16

Neurovascular coupling in the occipital cortex 
of blind people
L. Olah, S. Viski, S. Puskas, K. Szabo, L. Csiba

University of Debrecen, Department of Neurology, Debrecen, 
Hungary

Background – Although the occipital cortex serves for pro-
cessing of visual input, its activity was also shown in blind people 
during Braille reading, demonstrating that visual cortex might be 
recruited and adapted for other function, namely for processing of 

ered for prognostic purposes. Transesophageal echocardiography 
(TEE) is required in cryptogenic stroke patients with suspected 
paradoxical embolism. TEE is usually considered a safe diagnostic 
device. However, contraindications from TEE exist and TEE-asso-
ciated complications have been reported in up to 3.5% of patients. 
TEE is not always applicable and depends on the patient’s coop-
eration, negative test results might occur due to inability to the 
adequate performance of a Valsalva maneuver. 

Contrast-enhanced transcranial Doppler sonography (cTCD) 
cannot replace echocardiography in the workup of stroke patients. 
However, cTCD has efficacy comparable to TEE for detecting RLS. 
Moreover, of patients with negative TEE but positive cTCD shunt-
ing, angiographic proven pulmonary RLS due to arteriovenous 
malformation had been reported. cTCD serves as an ideal, non-
invasive bedside screening method for the detection of RLS, as a 
follow up method to exclude residual shunting after PFO closure 
and as an alternative method if TEE is not applicable or available. 
It can be useful during the acute phase of routine ischemic stroke 
workup in order to identify the pathogenic mechanisms of stroke 
and to make timely decisions to perform TEE.

Session IV: Neurosonology of  
cognitive impairment

L13

Ultrasound and cognition
B. Malojcic

University Hospital Center Zagreb, Dpt. of Neurology 
University of Zagreb, School of Medicine, Zagreb, Croatia

e interpretation of TCD findings in studies on how cogni-
tive tasks activate different parts of the brain in pathological and 
physiological conditions is based on presumption of adequate and 
highly organized neurovascular coupling or functional hyper-
emia and acceptance of approximatiive estimate that the chang-
es of mean blood flow veolcity reflect changes of cerebral blood 
flow. Coupling between increased neuronal activity and increased 
blood flow can be studied in the context of time and the context 
of space. Studies interested in spatial distribution and in exam-
ining activation of the whole brain use functional MRI or PET, 
while TCD as a continuos method with high frequency sampling 
provides excellent temporal resolution capable of recording acti-
vation in selected brain areas. Very important advantages of TCD 
to other imaging techniques is its non-invasivnes, relative free-
dom of movement for subjects and the price. ere are different 
paradigms used to activate different parts of the brain and, con-
sequently, increase blood flow velocities in corresponding arter-
ies. However, as there is compelling evidence that the theory of 
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jects with acute ischemic stroke and NIHSS scores 10 or greater. 
is is a randomized (1:1), placebo-controlled, multi-site, phase 
3 clinical trial to evaluate the efficacy and safety of CLOTBUST-
ER transcranial ultrasound device, as an adjunctive therapy to 
tPA treatment in subjects with acute ischemic stroke. A total of 
824 patients will be enrolled with interim analyses at ⅓ and ⅔ of 
enrollment. 

Current Status: CLOTBUST-ER is closed to enrollment. Ap-
proximately 70 sites participated in 14 countries worldwide. Cur-
rently centers are completing follow-ups. Functional outcomes are 
assessed via modified Rankin Scores at 90 days. Data will be ana-
lyzed using ordinal shift statistical analysis.

Conclusions: CLOTBUST-ER final results will be presented 
at ISC 2016. ClinicalTrials.gov Trial Registry ID: NCT01098981

L18

Ultrasound in selection of patients for 
endovascular procedures
M. Diomedi

Stroke Unit, Department of Neuroscience University of Tor 
Vergata, Rome, Italy

New therapeutic options have been considered after the en-
couraging results of recent endovascular treatments trials in acute 
stroke patients. e rapid development of endovascular proce-
dures and the evolution of new stent and thrombectomy devices 
have made the careful evaluation of the vessel patency and hemo-
dynamics in acute ischemic patients even more necessary. 

e usefulness of including ultrasound examination into the 
Emergency Department admission procedures consists of the rap-
id detection and location of extracranial and intracranial artery 
stenosis or occlusion to select high risk patients for ineffective re-
canalization and poor functional outcome.

Intravenously administered TPA remains the “first line” ther-
apy of the acute phase but not all patients benefit from this so-
lution. Large vessel occlusions, such as in M1 or M2 MCA tract, 
intracranial ICA or in tandem stenosis, are less likely to improve 
with rTPA alone and a proper endovascular procedure could be 
planned early. 

At the same time, ultrasounds could be useful to identify early 
recanalization not associated to a neurological improvement and 
not suitable for more invasive treatments

Moreover, the evaluation of the collateral pathways as well as 
the demonstration of cerebral steal phenomenon with persisting 
arterial stenosis or occlusions could provide key information for a 
rapid selection of patients at risk who might benefit from interven-
tional treatment in the appropriate therapeutic window.

ere is growing evidence of multimodal imaging (mMRI and 
mCT) feasibility and utility in selecting patients for endovascular 
recanalization approaches. A non invasive, repeatable at bedside, 
ultrasound evaluation could play a substantial role particularly in 
centres with limited availability to mMRI or mCT in an emergen-
cy setting or in patients with contraindications to these imaging 
modalities.

sensory input. Our aim was to investigate the measure and dynam-
ics of flow velocity changes in the posterior cerebral artery (PCA), 
evoked by tactile stimulus (Braille reading) in blind people. 

Methods – By using a visual cortex stimulation paradigm in 
sighted subjects (n=10) and Braille reading in blind people (n=10), 
the flow velocity response was measured by transcranial Doppler 
sonography in both posterior cerebral arteries. e stimulation 
protocol consisted of 10 cycles with a resting phase of 20 seconds 
and a stimulation phase of 40 seconds for each cycle. During the 
resting periods, volunteers were instructed to close their eyes; 
during the stimulation phases, sighted people read silently, while 
blind people read Braille text of the same content.

Results – Although the flow velocity increased significantly 
in both groups during the stimulation phase, repeated measures 
analysis of variance detected significant difference in flow veloc-
ity response between the sighted and blind people. e mean and 
peak systolic flow velocities increased by 11±7% and 11±8% in 
blind people, and by 23±5% and 24±6% in sighted subjects, re-
spectively (p<0.001). 

Conclusions – Our preliminary results proved that flow veloc-
ity in the posterior cerebral artery increased significantly during 
Braille reading, indicating activation of occipital cortex evoked by 
sensory stimulus. e measure of the flow velocity increase, how-
ever, was less in blind people during Braille reading than in sighted 
subjects during visual stimulation (normal reading).

e study was supported by the Hungarian National Brain Re-
sesearch Program, NAP_13-1-2013-0001.

Session V: Acute stroke and  
endovascular procedures

L17

Combined lysis of thrombus with ultrasound 
and systemic tissue plasminogen activator 
(tPA) for emergent revascularization in acute 
ischemic stroke (CLOTBUST-ER)
A. V. Alexandrov, P. D. Schellinger, A. Barreto, A. M. Demchuk,  
L. Soinne, M. Kohrmann, G. Howard, C. A. Molina

On behalf of the Steering Committee and CLOTBUSTER Investigators  

Background: Continuous exposure of intracranial arterial 
occlusions to pulsed wave ultrasound enhances tissue plasmino-
gen induced recanalization. Our hypothesis is that sonothrombol-
ysis can improve functional outcomes of stroke patients receiving 
tPA therapy.

Methods: e primary objective is to evaluate the efficacy of 
a novel transcranial ultrasound device and systemic tPA (Target 
group) compared to systemic tPA alone (Control group) in sub-
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cerebral circulation and unimpaired systemic endothelial function 
in migraine patients without comorbidities. However, the relation-
ship between cerebral and systemic endothelial function and the 
anterior and posterior cerebral endothelial function in migraine 
patients is still not clear. Our study suggests that the endothelial 
function in the cerebral and systemic circulation might be dif-
ferent in migraine patients without comorbidities, while that of 
the anterior and posterior cerebral circulation might be coupled. 
ese results could improve understanding of endothelial func-
tion in migraine patients without comorbidities.

L21

Atherosclerosis in young people
G. Baltgaile

Riga Sradiņš University, Department of Neurology, Riga, Latvia

e cross-sectional survey of cardiovascular risk factors in Lat-
vian population had shown very high prevalence of increased dys-
lipidemia in young adults. Our previous screening of cerebrovas-
cular diseases among the population proved the existence of early 
signs of atherosclerosis at young age although the influence of risk 
factors on early changes of arterial wall has not been studied. 

e aim of study was to examine the carotid IMT and the ear-
ly formation of atherosclerotic plaque in relationship to the dys-
lipidemia and arterial hypertension in young adults. 95 women 
and 46 men aged 18-35 years underwent Doppler-Colour Duplex 
sonography due to the presence of cardiovascular risk factors or 
due to disorders not associated with them. Carotid intima-media 
thickness (IMT), brachial blood pressure, data of total cholesterol 
(TC), low -density lipoprotein cholesterol (LDL) and triglycerides 
(TG) were evaluated.

e thickening of intima media was found in 2,1% men and 
1,4% of women at age 18-24 years; in 14% of men and 6,5% of 
women aged 25-35 years. Focal initial atheroma and fibroatheroma 
were found in 3,2% of men and 2% of women at age 25-35 years.

Male sex, age, blood pressure were positively associated with 
an increase in IMT in both age groups, while levels of TC, LDL 
cholesterol, and TG were positively associated only with the signif-
icant increase in IMT and initial focal plaque in adults 25-35 years.

ese findings might reflect the adaptive response of carotid 
IMT to changes of blood pressure at young age, while dyslipidemia 
was strongly associated with the initial atherosclerotic changes in 
arterial wall.

L19

Update on new studies in interventional 
neuroradiology
D. Ozretic 

Department of Diagnostic and Interventional Radiology, 
University Hospital Center Zagreb – Rebro, School of Medicine 
University of Zagreb, Croatia

One of the major limitations of intravenous thrombolytic 
treatment of acute stroke is low recanalization rate for proximal 
arterial occlusions (ICA, MCA, BA). Despite theoretical advan-
tage (smaller dose needed to achieve higher local concentration) 
intraarterial thrombolysis did not prove to be a better and safer 
alternative for those patients, but remains as an option in se-
lected cases. Since both modalities of thrombolytic treatment 
are constrained by the same contraindications, mechanical ap-
proach consisting of thrombectomy and thromboaspiration was 
introduced. Much higher recanalization rates were quickly re-
ported, but randomized trials published until last year did not 
demonstrate correspondingly better patient outcomes. As this 
findings were in opposition to general experience of neuroint-
erventionalist community, they caused much debate, with bad 
trial design (inadequate patient selection, significant delay be-
tween symptom onset and treatment, and the use of older gen-
eration of retrieval devices) blamed for unexpected results. 
But endovascular stroke therapy gained new momentum with 
publishing of MR CLEAN trial results at the end of 2014, fol-
lowed by three additional positive trials at the beginning of 2015, 
showing the benefit of new generation devices (stentrievers) for 
proximal occlusions in anterior circulation stroke in addition to 
standard intravenous thrombolytic treatment. Definitive impact 
of these trials on stroke treatment in general is still hard to grasp, 
since many important issues concerning patient selection remain 
unresolved, such as infarct core and penumbra imaging and as-
sessment of collaterals. 

Session VII: Free communications

L20

Associations between cerebral and systemic 
endothelial function in migraine patients:  
A post-hoc study
D. Perko, J. Pretnar Oblak, M. Šabovič, M. Zaletel

University Medical Centre Ljubljana, Ljubljana, Slovenia

Recently, our group showed differences in endothelial func-
tion between the anterior and posterior cerebral circulation in 
healthy subjects, reduced vasodilatatory capacity of the posterior 
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tant subgroups that would really benefit from those therapies. In 
severe occlusive carotid artery disease it has been demonstrated 
that CA can be highly impaired. is could be an important risk 
factor for future stroke. Few studies were devoted to haemorrhagic 
stroke. CA seems to be impaired in subarachnoid haemorrhage, 
preceding vasospasm and ongoing vasoconstriction worsens CA. 
is is related to clinical outcome. In intracerebral haemorrhage 
CA was worse in the early days of the event, suggesting that dy-
namic CA was less effective. Finally, interesting findings seem to 
show that cerebral blood flow regulation may reflect the neurolog-
ical dysfunction caused by cerebral microvascular disease, namely 
associated with slow gait speed and risk of falls. 

Conclusions:  Monitoring cerebral autoregulation can be used 
in a variety of clinical scenarios and may be helpful in delineating 
optimal therapeutic strategies. Nevertheless, before a large-scale 
application of CA to the clinical management, there is a huge need 
of larger studies. Finally, future studies should spend effort in stan-
dardizing the methodologies. 

Session VIII: Updated protocols in 
neurosonology

L24

TCCS (Transcranial Color-Coded duplex 
Sonography) examination protocol and 
documentation
E. Bartels1, J. Valdueza2

1 Center for Neurological Vascular Diagnostics, München, Germany 
2 Neurological Center, Bad Segeberg, Germany 

An intracranial examination without information about ex-
tracranial findings is of limited value. A focused extracranial 
color-coded duplex examination is therefore mandatory for cor-
rect interpretation of intracranial findings. Also, a conventional 
TCD overview examination should precede the TCCS. For better 
orientation an identification of the different examining planes, the 
examination should start with the B-mode image. In the next step, 
the individual intracranial arteries can be identified by color cod-
ing of the blood flow velocity information. 

e following Table gives an overview about the different TCCS 
insonation approaches. We distinguish between a basic examination 
which should be possible in each instance and an advanced examina-
tion which refers to more challenging accessible intracranial vessels.

Report: e report should include a clear patient identifica-
tion, the examination date, the working hypothesis (e.g. assumed 
MCA territory ischemia), a summary of patient´s vascular risk 
factors and the signature of the sonographer. e first part of the 
report is a description of the findings which are orientated to the 
assumptions done before. In case of stenosis the blood flow veloci-
ties are given with the depth of insonation (e.g. 58 mm). Indirect 

L22

Over 10 years of sonothrombolysis
F. Perren

HUG, University Hospital and Medical Faculty of Geneva, 
Switzerland; Department of Neurology, Neurosonology and 
Electroneuromyography Units, Geneva, Switzerland

In order to save threatened cerebral ischemic tissues therapeu-
tic strategies aiming to increase the rate and speed of arterial reca-
nalization, without increasing the risk of hemorrhagic complica-
tions are needed. 

Although the underlying mechanisms are still not fully under-
stood, ultrasound energy has demonstrated its ability to enhance 
the effect of fibrinolytic agents and thus to contribute to arterial 
recanalization, a process called ultrasound-enhanced thromboly-
sis or sonothrombolysis. Several studies have shown that it is a safe 
procedure and results in an increased rate of recanalization in the 
setting of acute ischemic stroke when wave frequencies and en-
ergy intensities of diagnostic ultrasound systems are used. More 
recently, the use of microbubble sonothrombolysis – even without 
r-tPA – has been shown to be also effective. 

However, regarding the potentiation effect of sonothrombol-
ysis with microspheres and its role in improving recanalization 
rates and clinical outcome of patients with acute proximal intrac-
ranial arterial occlusions, more evidence is still required. To give 
a definite proof of this treatment, future large sample-size double-
blind randomized control studies will be needed.

e objective of this presentation is to review clinical studies 
regarding ultrasound-enhanced thrombolysis in acute ischemic 
stroke patients.

L23

Cerebral autoregulation in stroke 
P. Castro

Department of Neurology, Hospital Center São João, Porto, 
Portugal 
Faculty of Medicine of University of Porto, Porto, Portugal

Background:  Cerebral autoregulation (CA) is regarded as 
the capability of the cerebral blood vessels to maintain constant 
cerebral blood flow (CBF) despite the changes in arterial blood 
pressure (ABP). In most instances we will use Transcranial Dop-
pler (TCD) to record continuously CBF velocity (CBFV), as a sur-
rogate of CBF, and peripheral ABP pressure. Insight into CA levels 
could help in management of several cerebrovascular conditions. 

Methods:  Review findings of the literature of all studies 
regarding CA evaluation in stroke 

Results: In acute ischemic stroke, CA maintenance helps CBF 
to perfuse the ischaemic penumbra area. It is interesting to notice 
that in acute stroke baseline ABP levels follow similar U or J-shape 
relationship with prognosis. Correct identification of patients with 
impaired or adapted CA could lead to the establishment of impor-
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Ultrasound in neurorehabilitation 
M. Siebler

Fachklinik für Neurologie, MediClin Fachklinik Rhein/Ruhr, Essen, 
Germany 

Most of the stroke patients or victims of other neurological 
diseases remained disabled and need specific rehabilitation. Near-
ly all patients are affected in a complex manner: motoric dysfunc-
tions, restriction of upper extremity functionality, broad ranges 
of neuropsychological deficits, communication and swallowing 
problems, mood disorders etc. Each deficit has their own tempo-
ral development for regeneration or even degeneration during the 
rehabilitation process (e.g. degeneration of the pyramidal tract, re-
covery of muscle forces, neuroendocrinological adaption). us, it 
is not simple to focus therapeutic management only on one aspect 
of the dysfunction. At least, the risk for complications such as as-
piration, cardiovascular problems, diabetic control, fall with frac-
tures, frozen shoulder and others are very high. 

Ultrasound (US) application in rehabilitation is not only lim-
ited to be informed about the vessel status and cerebral hemody-
namics in stroke patients. US technologies may help us to improve 
therapeutic management during rehabilitation. e diagnostic 
tools allow to measure muscle atrophy and involvement of nerve 
inflammation in critical illness myopathy, to analyze dyskinetic 
contractions of muscles in spastic and dystonic movement dis-
orders and to support the therapeutic approach when Botulinum 
Toxin injection in muscles and glands is necessary. Myosonology 
may also support the decision for selection of the adequate orthesis. 

Ultrasound methods should be part during the neurorehabili-
tation process to optimize our therapeutic strategies and to im-
prove our understanding of the regeneration and degeneration 
mechanism in neurological diseases. 

L27

L28

information (normal up– and downstream flow signals or pre– 
and poststenotic flow pattern) has to be described in each case 
of a stenosis. e report finishes with a short conclusion which 
summarizes the major findings and refers to the questions raised 
before. 

Documentation with Doppler spectrum (paper or electronic) 
with measurement of maximum systolic, and enddiastolic blood 
flow velocities after angle correction (if appropriate) should in-
clude in each case at least the BASIC vessels (see Table). Depend-
ing on the hypothesis and findings during the examination other 
vessel segments have to be documented. 

L25

Updated protocols in neurosonology: 
Ultrasound of posterior circulation
C. Baracchini1, G. Baltgaile2

1 Stroke Centre and Neurovascular Ultrasound Laboratory, 
Department of Neurological Sciences, University of Padua, 
School of Medicine, Padua, Italy 
2 Riga Sradiņš University, Department of Neurology, Riga, Latvia

Due to the different nature, prognosis and treatment of poste-
rior circulation occlusive disease, the following arterial segments 
should be investigated separately as follows: (1) the intraforaminal 
segment (V2) of the vertebral artery extending through the bony 
canal of the transverse processes C2 to C6; (2) the extraforami-
nal segment (V1) extending from its entrance into the foramen 
transversarium of C6 (in 90% of cases) to its origin; (3) the origin 
(V0) normally arising from the subclavian artery; (4) the proximal 
and distal subclavian artery (SA) segments, which by means of a 
steal mechanism might determine alterations in cerebral hemo-
dynamics; (5) the tortuous segment (V3) extending from C2 to 
the foramen magnum; (6) the intracranial segment (V4) extend-
ing from the dura to its confluence with the contralateral V4 seg-
ment to form the basilar artery (BA); (7) proximal and (8) distal 
parts of the BA should be considered separately, just like (9) the 
P1 and (10) the P2 segments of the posterior cerebral artery. ere 
are three golden rules for ultrasound examination of the poste-
rior circulation: 1. investigate all segments methodically; 2. check 
for waveform changes; 3. check for waveform differences between 
right and left vertebral arteries. is will disclose flow abnormal-
ities (direct signs, indirect signs) and clarify selection of subse-
quent imaging modalities. Ultrasound is a sensitive indicator of 
disease in SA and V0 (mainly atherosclerotic, but also arteritic), in 
V1 (mainly dissection), distal V4 and proximal BA (mainly ather-
osclerotic). It is less sensitive and more operator dependent in the 
evaluation of V3 (mainly dissection) and distal BA (mainly embol-
ic) although indirect signs indicative of stenosis are often present 
and easily detectable. e following issues will also be discussed: 
1. Criteria for V0 stenosis; 2. Diagnosis and role of VA hypoplasia; 
3. Hemodynamic assessment during head turning: methods and 
indications. 
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and brain CT grounds. Each vessel was assigned a score (presence 
of plaque with 1-49% stenosis=1, presence of plaque with equal or 
more than 50% stenosis=2, absence of plaque=0, IMT≥0.8 mm=1, 
IMT<0.8 mm=0) and the total score of the two carotid arteries was 
calculated per patient (atherosclerotic ultrasonic score-ATHUS). 

Results: e prevalence of CVA in atherosclerotic group A 
(ATHUS=0 –n=1048) was 17.4 %( 182/1048). e corresponding val-
ues for atherosclerotic groups B (ATHUS=1, n=525), C (ATHUS=2, 
n=292), D(ATHUS=3, n=302), E(ATHUS=4, n=119), F(ATHUS=5, 
n=64) were: 19.4%(102/525), 20.5%(60/292), 27.8%(84/302), 
35.3%(42/119), 43.8%(28/64) respectively (p<0.05). 

Conclusions: Our results demonstrated that the degree of 
atherosclerosis predicted cerebrovascular accident, taking into ac-
count both carotid stenosis and IMT. 

O2

Carotid arterial hemodynamic and stiffness 
parameters in patients with ischemic 
leukoaraiosis
M. Turk, M. Zupan, M. Zaletel, B. Zvan, J. Pretnar Oblak

Department of Vascular Neurology and Intensive Neurological 
Therapy, University Medical Centre Ljubljana, Ljubljana, Slovenia

Background: Leukoaraiosis (ILA) is believed to be ischaemic 
in origin due to its similar location to lacunar infarctions and its 
association with cerebrovascular risk factors. However, its patho-
physiology is not well understood. Aging and vascular risk factors 
contribute to the stiffening of the large elastic arteries. e ischae-
mic injuries may be a result of exposure of the small vessels to the 
abnormal flow pulsations or cerebral hypo-perfusion. Carotid du-
plex ultrasound was used to determine the cerebral blood flow and 
carotid stiffness in ILA patients and a risk factor matched control 
group. We tried to prove that carotid ultrasound could be used as 
a non-invasive diagnostic tool for ILA.

Methods: We compared 59 ILA patients to 45 risk factor 
matched controls with normal magnetic resonance imaging (MRI) 
of the head. ILA diagnosis was based on MRI and was further cat-
egorised according to the Fazekas scale. Carotid artery blood flow 
velocity, blood flow and resistance indexes were determined. In 
addition we determined pulse wave velocity b (PWVb, m/s), pres-
sure–strain elasticity modulus (Ep, kPa), b index and augmenta-
tion index (Aix,%) and arterial compliance (AC, mm2/kPa).

Results: Blood flow velocities and blood flows were significantly 
lower in the ILA group, including diastolic, systolic and mean pressures 
(p≤0.05). All the velocities and blood flows showed a decreasing 
trend with higher Fazekas score, whereas resistance indexes showed 
an increasing trend. PWVb, Ep, b index and Aix values were higher 
and AC values were lower in the ILA group; however, only Ep and 
PWVb reached statistical significance (p≤0.05).

Conclusions: Lower blood flow and higher resistance of ca-
rotid arteries as well as increased carotid stiffness were found in 
ILA patients compared to risk factor-matched controls. Carotid 
blood flow parameters, Ep and local PWVb could have a diagnos-
tic role in ILA patients. 

L29

Application of ultrasound in NICU
M. R. Vosko

Dept. of Neurology, AKH, Medical Faculty, Johannes Kepler 
University Linz, Austria

Ultrasound (US) assisted procedures are an integral part of pa-
tient management in many intensive care units. Critical care ultra-
sound in experienced hands is a useful bedside non-invasive tool 
for assessment of haemodynamics as well as a tool for punctions of 
vessels and organs enhancing the effectiveness and safety. Further-
more, there is evidence, that the use of point-of-care ultrasonogra-
phy is associated with a significant reduction in the number of im-
aging studies performed by the radiology and cardiology services.

e most common applications of US on ICU are: guidance 
for vascular access (central venous catheters, arteries), monitor-
ing of residual urine and punction of urine bladder, pleural-, and 
ascites punction, lumbar punction by adipose patients, assessment 
of pneumothorax and basic critical care echocardiography. 

An overview of US assisted procedures and an update on cur-
rent guidelines regarding the use of US on ICU will be presented.

Description of selected procedures with definition of sono-
graphic landmarks, inclusive practical hints will be demonstrated.

Oral Presentations 
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O1

Ultrasound detected atherosclerotic load in 
carotid arteries and stroke
TJ Tegos, A. Kiryttopoulos, Th. Kalatha, S. Kouvavas, K. Notas,  
A. Petrakis, A. Valavanis, Ch. Xeras, A. Papadimitriou, A. Orologas

A Department of Neurology, AHEPA Hospital, Aristotelian 
University of Thessaloniki, Thessaloniki, Greece

Background: Previous studies demonstrated that carotid ath-
erosclerotic ultrasound findings are associated with stroke. e 
aim of this study was to determine the association of carotid ultra-
sound findings with stroke, taking into account both plaque steno-
sis and thickness of vessel wall in the common carotid.

Methods: Analysis involved imaging by duplex of carotid ar-
teries of 2,350 patients (1,282 males, 1,068 females, mean age: 66.03 
years), to detect the presence of plaque and to assess the intima-me-
dia thickness (IMT). Cerebrovascular accident (CVA, n=498) was 
one of the reasons for referral to laboratory, as diagnosed on clinical 
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O4

A natural history of young patients with 
cryptogenic stroke and PFO
F. M. Farina1, S. Padayattil Jose2, A. Palmieri1, F. Viaro1, V. Pengo2,  
C. Baracchini1

1 Stroke Center and Neurovascular Ultrasound Laboratory 
2 Department of Neurological Sciences, University of Padua, 
School of Medicine Clinical Cardiology, Thrombosis Center, 
University of Padua School of Medicine, Padua, Italy

Background: e pathogenetic role of Patent Foramen Ovale 
(PFO) in patients with cryptogenic stroke (CS), in particular in 
the recently proposed subset of ESUS (embolic stroke of undeter-
mined source), is still uncertain. Aim of our study was to define 
the natural history of patients with CS and PFO, with and without 
an embolic pattern of cerebral ischemic lesions.

Methods: Among all first-ever stroke patients (18 males, 
mean age 38.4 years, range 18-55), admitted to our Stroke Unit in 
2012, 33 were classified cryptogenic with a PFO after a thorough 
diagnostic work-up including brain magnetic resonance imaging 
(MRI); cervical and transcranial ultrasound; Bubble test; transtho-
racic and transesophageal ecocardiography; lower limbs venous 
ultrasonography; pelvic venous magnetic resonance angiography; 
≥24h continuous EKG monitoring. We subdivided this cohort of 
study patients into two groups according brain MRI findings: ES-
US and non-ESUS. 

Every patient was placed on secondary prevention therapy 
(ASA 100mg OD) and underwent regular follow up visits.

Results: Regarding distribution of ischemic lesions at MRI, 
60% (20/33) of patients was classified as ESUS. During the follow 
up period (mean 26.2 ±6.5 months), no cerebral ischemic events 
were recorded in either group. In six patients (18.8%) we were able 
to identify a cause of stroke alternative to PFO: in the ESUS group 
we detected cancer-related thrombosis in one patient, atrial fibril-
lation in two patients; consequently secondary prevention treat-
ment was shifted to anticoagulation. In the non-ESUS group we 
disclosed episodic drug abuse (cocaine, amphetamines) in three 
patients.

Conclusions: In CS patients with PFO a rigorous follow-up is 
pivotal identifying the cause of stroke, thus avoiding unnecessary 
and potentially harmful PFO closures. Moreover, given the study 
limits, the detection of embolic sources only in the ESUS group 
seems to indicate anticoagulation as an appropriate treatment for 
these patients. 

O3

Quantification of internal carotid artery 
stenosis – comparison of 3D-ultrasound 
angiography (B-mode and power mode) with 
2D colour-coded duplex sonography
J. Pelz, A. Weinreich, D. Saur

Department of Neurology, University of Leipzig, Germany

Background: Up to 20% of ischaemic strokes are caused by 
large-artery atherosclerosis, id est a significant stenosis of mainly 
the internal carotid artery (ICAS). In Germany, 2D colour-coded 
duplex sonography (2D-CDS) is considered as clinical gold stand-
ard for detection and quantification of ICAS with a good sensi-
tivity and specificity. Here, we compare 3D-ultrasound angiog-
raphy with conventional 2D-CDS for grading ICAS. Methods: 
Forty-three ICAS of 37 patients were examined by 2D-CDS and 
by 3D-ultrasound angiography (B-mode and power mode) us-
ing a Toshiba Aplio 500 (Toshiba Medical Systems GmbH, Neuss, 
Germany) equipped with a linear transducer (PLT-1204BT) set at 
13 MHz and the Curefab CS (Curefab Technologies GmbH, Mu-
nich, Germany). Stenotic value of ICAS was assessed by applying 
the multi-parametric German “DEGUM ultrasound criteria” (2D-
CDS) respectively – after manual 3D-reconstruction of ICAS – by 
calculating the distal diameter reduction percentage according to 
North American Symptomatic Carotid Endarterectomy Trial cri-
teria. Results: ere was no significant difference in successful 
3D-reconstruction of ICAS between B-mode (35/43) and power 
mode (40/43), chi-square test p=0.11. A good intermethod agree-
ment was found between 2D-CDS and 3D-ultrasound angiogra-
phy (power mode) both in the Bland and Altman analysis and by 
intraclass correlation (ICC; 0.85, p<0.001). However, intermethod 
agreement between 2D-CDS and 3D-ultrasound angiography was 
poor (ICC 0.40, p<0.001) when using B-mode as basis for 3D-ul-
trasound. Conclusions: Showing a good intermethod agreement 
for quantification of ICAS in comparison to 2D-CDS, 3D-ultra-
sound angiography (power mode) is a promising complementary 
imaging method to the well-established flow-based classification. 
erefore, invasive and potentially harmful imaging modalities 
like contrast-enhanced computed tomography or magnetic reso-
nance angiography might be restricted to those cases of ICAS 
where a clear discrepancy for stenotic value is found between 2D-
CDS and 3D-ultrasound angiography.
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O6

Transcranial doppler evaluation of the cerebral 
circulation in patients with coronary disease 
and valvular heart disease
L. Abreu1, E. Rodrigues2, P. Batista1, F. Soares1 , V. Almeida1 and  
V. Oliveira1

1 Hospital Santa Maria (CHLN), Department of Neurology, Lisbon, 
Portugal 
2 Centro Hospitalar do Funchal, Department of Neurology, 
Funchal, Portugal

Background: ere are just a few data regarding the preva-
lence of intracranial artery disease (ICAD) in patients with coro-
nary heart disease and valvular heart disease. e purpose of this 
study was to identify the burden of intracranial atherosclerotic 
disease evaluated by Transcranial Doppler (TCD) in patients ap-
pointed to coronary bypass or cardiac valve surgery. 

Methods: Cross-sectional study of patients consecutively 
evaluated at our laboratory from January 2013 to December 2014, 
by TCD, pre-operatively to coronary bypass and to valvular heart 
surgery. TCD criteria for stenosis were according to the SONIA 
Trial. Statistical analysis was performed using SPSS 22. e pres-
ence of intracerebral artery stenosis was investigated in the three 
groups of patients and the OR for intracerebral artery stenosis 
obtained.

Results: 414 patients were studied: 198 (47.83%) with coro-
nary artery disease (mean age: 67y; SD=11.96) and 164 (39.61%) 
with coronary disease (mean age: 72y; SD=12.89) and 52 (12.56%) 
with both (mean age: 72; SD=6.25). In 97 patients (23.54%) an in-
tracranial stenosis was identified: 54.64% at the group with cor-
onary heart disease; 26.8% at the group of valvular disease and 
18.56% at the group with the combined diseases.

Conclusions: ere was a significant association (<0.05) in all 
groups, being stronger in the group of intracranial stenosis and 
coronary disease, and weaker in the group of intracranial steno-
sis with valvular heart disease (OR=2.16). Our results suggest the 
interest in evaluating arterial cerebral circulation by TCD in order 
to identify stenotic disease in patients with severe coronary disease 
and also in patients with severe valvular heart disease. 

O5

Right-to-left shunt detection sensitivity with 
transcranial doppler and saline or succinil-
gelatin air mixture
F. Puledda1, M. Toscano1, A. Pieroni1, G. Veneroso2, V. Di Piero1,  
E. Vicenzini1

1 Sapienza University of Rome, Department of Neurology and 
Psychiatry – Stroke Unit 
2 Department of Cardiology, Italy

Background: TCD with air-saline contrast agent is nowadays 
the first choice examination to identify RLS. To increase visual 
RLS detection during echocardiography, cardiologists also use air-
gelatin mixtures, which are however stopped by the pulmonary 
filter, but more stable and easier to be prepared. We assessed sen-
sitivity of air-gelatin in respect to air-saline mixture for RLS detec-
tion with TCD.

Methods: patients referred for RLS detection with TCD to our 
neurosonology laboratory were investigated. Standard air-saline 
injection during TCD unilateral middle cerebral artery monitor-
ing, both in basal and after Valsalva maneuver, was performed. e 
same protocol was repeated immediately thereafter, with air-gela-
tin mixture. To consider the TCD positive for cardiac RLS, time 
window for embolic detection was fixed within 40” from contrast 
injection. Later signals were interpreted of pulmonary origin and 
confirmed with trans-thoracic echocardiography. RLS was graded 
as follows: a) 0; b) 1-10; c) > 10, countable with shower effect; d) 
curtain effect with too numerous signals for a single identification.

Results: 53 patients were enrolled. 23 had negative TCD with 
air-saline and were also negative after air-gelatin mixture; in 5 of 
these 23, late (>40”), isolated microemboli, slightly more numer-
ous with the air-gelatin mixture, were detected and interpreted as 
pulmonary shunts. In 18 patients in whom TCD with air-saline 
was positive for cardiac shunt only after the Valsalva maneuver, 
air-gelatin proved to reveal RLS also during basal condition. In 12 
patients with early positive TCD with air-saline even during basal 
condition, air-gelatin mixture made RLS more evident. 

Conclusions: air-gelatin mixture is safe to be used in contrast 
TCD for RLS detection. Air-gelatin increases RLS detection sensi-
tivity with TCD also in basal conditions, even in patients in whom 
air-saline mixture gives negative basal results. e choice of the 
air-gelatin mixture should therefore be considered for clinical rou-
tine and research studies.
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Unitin a three-year period. Endovascular treatment (stent place-
ment or embolization) was offered to every patient with 1) severe 
stenosis and unstable cerebral hemodynamics; and/or 2) enlarg-
ing, symptomatic pseudoaneurysm. During follow-up, we as-
sessed treatment safety and durability, as well as sCAD and symp-
toms recurrence.

Results: Among 38 patients with sCAD (males 60%; mean 
age 48±11 years), the majority presented with both stroke/TIA 
(82%) and local symptoms (63%). A complete neurovascular ul-
trasound assessment showed hemodynamic (95%) and/or mor-
phological (61%) signs of dissection, 57% involving the internal 
carotid arteries (ICA) and 43% the vertebral arteries (VA); mul-
tiple CADs were found in 45%. Endovascular treatment of sCAD 
was performed in 14 patients (11 ICA, 2 VA, 1 both), using hemo-
dynamic (64%) and/or morphologic (43%) criteria for eligibility; 
one patient with sICADsuffered a peri-procedural stroke; there 
were no sCAD recurrences. Among medically-treated patients 
(24; antiplatelet agents 62%, anticoagulants 38%), there were 3 
early (<1 week) symptomatic sCAD recurrences (1 ICA, 1 VA, 1 
both);neurosonographic monitoring showed complete and hemo-
dinamically significant recanalization rates of25% and 33% in the 
first month, rising to 43% and 52% at six months respectively.

Conclusion: Ultrasound-guided endovascular treatment in 
selected patients with sCAD appears to be safe and effective with 
low peri-procedural complication rate. Nevertheless, more data 
from broader studies are

Oral Presentations 
Session IV: Neurosonology of  
cognitive impairment

O9

Extracranial and transcranial color duplex 
sonography in vascular dementia in relation to 
risk factors
A. Arsovska

University Clinic of Neurology, Skopje, Macedonia

Background: Extracranial and transcranial color duplex so-
nography are useful tools in assessment of haemodynamic chang-
es in patients with vascular dementia.

Aim: To analyze haemodynamic changes in patients with vas-
cular dementia and correlate them with associated vascular risk 
factors.

Material and methods: 45 patients with vascular dementia 
were studied and compared with 30 age matched controls. Ex-
tracranial color duplex sonography was used to assess intima-
media thickness (IMT) of the carotid arteries. Transcranial color 
duplex sonography was performed to assess blood flow velocity 

Oral Presentations  
Session III: Treatment decisions  
guided by ultrasound

O7

Intimal lesions after carotid endarterectomy
H. Budincevic1, A. Ivkosic2, M. Martinac2, T. Trajbar2, I. Bielen1, L. Csiba3. 
1 Stroke and Intensive Care Unit. Department of Neurology, Sveti 
Duh University Hospital, Zagreb, Croatia  
2 Department of surgery, Sveti Duh University Hospital, Zagreb, 
Croatia 
3 Department of neurology, University of Debrecen, Medical and 
Health Science Center, Debrecen, Hungary

Background: Carotid endarterectomy is a standard therapy 
for symptomatic high-degree internal carotid artery stenosis. e 
aim of this article is to present possible intimal lesions after ca-
rotid endarterectomy. ese lesions could be manifested as inti-
mal flaps, intimal steps or dissections with or without occlusion 
or stenosis of the artery. Methods: Evaluation of the frequency 
and characteristics of the asymptomatic dissecting intimal lesions 
of the common carotid arteries was performed in a sample of 100 
patients who underwent endarterectomy due to symptomatic high 
grade stenosis of the internal carotid artery. Results: We found 
five patients with asymptomatic dissecting intimal lesions of com-
mon carotid arteries. Conclusion: e most common causes of 
these intimal lesions are shunting and prolongation of the clamp-
ing time. Routine carotid ultrasound follow-up exams are often 
necessary because of a potential change of the antithrombotic 
therapy or due to a need to perform an endovascular treatment.

O8

Management of complicated cervical artery 
dissection guided by ultrasound – a diagnostic 
and therapeutic challenge
A. Palmieri1, F. M. Farina1, F. Viaro1, F. Causin2, C. Baracchini1

1 Stroke Unit and Neurosonology Lab, Department of 
Neurological Sciences, University of Padua, School of Medicine, 
Padova, Italy 
2 Institute of Neuroradiology, University of Padua, School of 
Medicine, Padua, Italy

Background: Although spontaneous cervical artery dissec-
tion (sCAD) is a leading cause of non-atherosclerotic stroke in 
young adults, there are no clear indications to endovascular treat-
ment. We report our single-center experience with an ultrasound-
based protocol for complicated sCAD management.

Methods: We evaluated all consecutive patients with an ultra-
sound-diagnosed and MRI-proven sCAD,admitted to our Stroke 
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O11

Identification the dominant hemisphere with 
the use of functional transracial doppler
E. Lysenko1, M. Bogdanova1, Y. Mikadze1, 2, A. Shakhnovich3,  
S. Abuzaid3

1 Lomonosov Moscow State University, Faculty of Psychology, 
Moscow, Russia 
2 Pirogov Russian National Research Medical University, Moscow, 
Russia 
3 Burdenko Neurosurgery Institute, Moscow, Russia

Background: In modern conceptions of functional asymme-
try and interhemispheric interaction each hemisphere is consid-
ering as a dominant for certain functions. e left hemisphere is 
dominant for verbal functions and right hemisphere is dominant 
for perceptual functions in the most part of population. In the 
neurological and neurosurgical practices the clear criteria of iden-
tifying the dominant hemisphere is required. Last time the meth-
od of functional transcranial Doppler (fTCD) has been involved 
as an alternative way for traditionally used invasive methods (eх., 
WADA-test).

Methods: e study involved 50 volunteers (35 women) 
aged from 18 to 58 years old. e subjects were presented twelve 
types of verbal (six) and perceptual (six) cognitive tasks in the au-
ditory and visual modalities. e results of the research were com-
pared with the velocity of blood flow at rest.

Results: e results showed that the performing of verbal cog-
nitive tasks accompanied by more increased blood flow velocity in 
left hemisphere. ere is no the same tendency of increased blood 
flow velocity while performing the perceptual cognitive tasks.

Conclusions: To identify the dominant hemisphere for speech 
functions there were selected those types of cognitive tasks only, 
which showed statistically significant changes in blood flow veloc-
ity during their performance and takes the maximum increased 
blood flow velocity compared at rest.

(V(mean)) and pulsatility indices (PI) of the middle cerebral ar-
tery (MCA). e presence of hypertension, hyperlipidemia, diabe-
tes mellitus and other traditional risk factors was evaluated. 

Results: IMT was significantly increased in patients with vas-
cular dementia compared to the control group (p<0,05). MCA 
V(mean) and PI values were significantly lower than in controls 
(p<0,05). Patients with vascular dementia had higher prevalence 
of hypertension (p<0,05) compared to the control group. No sig-
nificant differences were noticed in the total cholesterol, high-
density lipoprotein cholesterol and triglycerides plasma concen-
trations as well as glycemia level between the two groups (p>0,05). 

Conclusion: Patients with vascular dementia need careful man-
agement of vascular risk factors, especially hypertension and regular 
follow-up of vascular morphologic and haemodynamic changes. 

O10

Blood flow velocity changes in anterior cerebral 
arteries during cognitive tasks performance in 
left-handed subjects
K. Lalic1, M. Boban1,2, A. Junakovic2, Z. Garami3, B. Malojcic1,2

1 School of Medicine, University of Zagreb, Zagreb, Croatia  
2 Department of Neurology, University Hospital Centre Zagreb, 
Zagreb, Croatia 
3 Department of Cardiovascular Surgery, Methodist DeBakey 
Heart and Vascular Center, The Methodist Hospital, Houston, TX, 
USA

Objective: Transcranial Doppler sonography (TCD) moni-
toring of blood flow velocities (BFVs) in anterior cerebral arter-
ies (ACAs) during different cognitive tasks performance are rare 
(Boban M, Crnac P, Junaković A, Garami Z, Malojčić B. Blood 
flow velocity changes in anterior cerebral arteries during cogni-
tive tasks performance. Brain Cogn 2013;84:26-33.), with no study 
performed in left-handed subjects, so far.

Aim: To obtain temporal pattern and hemispheric dominance 
of BFV changes in ACAs in left-handed subjects during different 
cognitive tasks performance and to assess potential of different 
cognitive tasks for monitoring of BFV changes in ACAs.

Methods: Fourteen left-handed, healthy subjects aged 20 to 
25 were included in the study. BFVs were recorded simultaneously 
in ACAs during performance of cognitive tasks designed to acti-
vate frontal lobes: phonemic Verbal Fluency test (pVFT), Stroop 
tests and Trail Making tests (TMTs). 

Results: A statistically significant BFV increase was recorded 
in both ACAs during performance of pVFT, TMTs and Stroop test 
with incongruent stimulus. Statistically significant laterality was 
found during performance of VFT (right dominance) and TMTA 
(left dominance). e most significant BFV increase was found 
during performance of TMTA.

Conclusion: Our results specify TMTA as a cognitive test with 
great activation potential for monitoring of BFVs in ACA in left-
handed subjects. 
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O13

Uselessness of extracranial cervical vessels 
sacrifice with endovascular coils positioning 
in 2 cases with internal carotid and vertebral 
artery progressive dissections
A. Pieroni, M. Toscano, G. Guidetti, A. Falcou, D. Toni, E. Vicenzini

Sapienza University of Rome, Department of Neurology and 
Psychiatry, Rome, Italy

Background: vessels permanent occlusion with endovas-
cular coils or other materials in cases of untreatable aneurysms, 
pseudoaneurysms, carotid body tumors and carotid blowouts is 
considered an emergency procedure. We present two cases with 
internal carotid and vertebral arteries dissections that showed pro-
gressive symptoms and worsening of both intramural hematoma 
and hemodynamic parameters that were submitted to endovascu-
lar occlusion to stabilize and reduce the embolic risk.

Cases report 1: male, 52 yrs, admitted for left Bernard-
Horner Syndrome with left ICA dissection and a preocclusive ste-
nosis, with hypoechoic floating material in the carotid lumen at 
ultrasound. Treated with anticoagulants, his clinical neurological 
conditions worsened with intermittent hemiparesis. Cerebral MRI 
showed the developing of multiple ischemic lesions and a large hy-
poperfusion in the left hemisphere. Considering that the ipsilat-
eral syphon and MCA were patent, supplied via the ophthalmic 
and anterior communicating arteries, it was decided to sacrifice 
the internal carotid artery with endovascular coils positioning. His 
clinical conditions were stabilized, but in the follow-up the for-
merly occluded internal carotid artery showed recanalization with 
flow restoration through the coils.

Cases report 2: female, 32 yrs, admitted for cervical pain and 
visual loss, cerebral MRI showed a large area of hypoperfusion in 
the posterior circulation. Ultrasound showed bilateral cervical ver-
tebral artery dissections with multifocal stenosis, aneurisms and 
presence of irregular intramural hematoma extended from origin 
to the entire V2 segment. Treated with anticoagulants, she contin-
ued having cervical pain and intermittent visual deficits. Ultrasound 
showed increased volume of the intramural hematoma with further 
dilation of the V1 caliber. Occlusion of the right vertebral artery 
origin with coils positioning in distal V1 and V0 tracts was then 
performed. Clinically she improved, but at the ultrasound follow-up 
she showed recanalization of the right occluded segment. Interest-
ingly, the contralateral affected side showed spontaneous recanaliza-
tion with reduction of the intramural hematoma extension.

Conclusions: in our cases, we considered vessels sacrifice as 
an emergency option to reduce embolic risk in cervical arteries 
dissections with symptoms worsening and evidences of progres-
sive hemodynamic changes. Notwithstanding the coils position-
ing, the vessels showed, however, recanalization. More experiences 
are needed before considering this approach as an effective option 
in such cases.

Oral Presentations 
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O12

Cerebral aneurysm growth and risk of rupture?
F. Perren, R. Gondar, P. Bijlenga, K. Schaller

HUG, University Hospital and Medical Faculty of Geneva, 
Switzerland; Department of Neurology, Neurosonology and 
Electroneuromyography Units, Geneva, Switzerland

Background: Natural history of small-unruptured inciden-
tally discovered intracranial aneurysms (SUIA) remains unpre-
dictable and if asymptomatic, the strategy is not consensual. e 
aim of this study was to clarify the risk of rupture or morphologi-
cal changes of SUIA according to their location and identify risk 
factors associated with growth and rupture.

Methods: We studied a prospective cohort of 292 patients 
(mean age, 55.1 years; 77.1% women) and 368 SUIA (anterior cir-
culation aneurysms <7mm and posterior circulation aneurysms 
<4mm, without previous subarachnoid haemorrhage). Baseline 
epidemiological data, clinical presentation, risk factors and an-
eurysm characteristics were collected. Outcome was reported as 
aneurysm’s shape and size stability versus change or rupture at 6 
months, 1, 2 and 5 years after the diagnosis (mean follow-up of 3.2 
years and 1177.6 aneurysm years).

Results: Aneurysm location was most frequently the oph-
thalmic segment (n=84, 22.8%), followed by the Sylvian bifur-
cation (n=82, 22.2%); AcoA (n=54, 14.7%) and the M1 segment 
of the MCA (M1MCA) (n=41, 11.2%). Mean aneurysm size was 
3.6±1.9 mm, with a majority (n=230, 62.5%) of less than 4 mm. 
Two unexpected ruptures were observed (M1 and AcoA). Aneu-
rysm growth rate was 2.1% per year. e growth risk odds distri-
bution per location was similar to the rupture risk distribution per 
location. M1MCA aneurysms showed the biggest risk of growth 
(n=10; 27%; p=0.004), as well as lesions measuring between 4-6.9 
mm (OR=3.5, 95%CI 1.6-7.5, p<0.001). Together AcoA and pos-
terior circulation aneurysms (including PcoA) showed a trend to 
growth.

Conclusions: It is mandatory to closely monitor small aneu-
rysms of the M1MCA and to treat them as soon as a morphologi-
cal change occurs. However, aneurysms of more than 4mm should 
also be screened more regularly. When classifying aneurysms by 
their location, there’s a trend showing that growing is a normal 
step before rupture.
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O16
When symptoms are transient and the patient is 
young – a most difficult case
C. Kulyk, M. Simonetto, F. M. Farina, A. Palmieri, F. Viaro, C. 
Baracchini

Stroke Centre and Neurovascular Ultrasound Laboratory, 
Department of Neurological Sciences, University of Padua, 
School of Medicine, Padua, Italy

Introduction: Up to 10% of ischemic strokes occur in in-
dividuals under 45 years of age. e etiologies of these ischemic 
events are different compared to those observed in the elderly and 
can represent a challenge for the physician in terms of diagnosis 
and treatment. 

Case report: a 17-year-old Caucasian girl came to our atten-
tion because of a sudden and transient (2 hour) weakness in her 
right upper limb. Physical examination showed a slight pronation 
of her right hand, a systolic heart murmur and a convergent stra-
bismus without diplopia. Cerebral CT scan was negative for acute 
events, while a CTA showed a severe left carotid siphon stenosis. 
e patient’s clinical history was remarkably rich: at the age of one 
month, multiple large hemangiomas were detected on the parotid 
glands, epiglottis, lips, left eyelid, upper back and left optic tract . 
At the age of 16, the patient had undergone replacement surgery 
due to a 6 cm aneurysm in the descending aorta. She also had a 
coloboma of her left optic nerve. A Color-coded Doppler sonogra-
phy of cervical and intracranial arteries documented a significant 
stenosis in the left ICA with signs of a dissection and a stenosis in 
the M1 segment of the MCA, which were confirmed by CTA and 
DSA. e past medical history of the patient and these current 
findings allowed us to make the diagnosis of PHACE, which is an 
acronym coined to describe a neurocutaneous syndrome encom-
passing posterior fossa brain malformations, large facial heman-
giomas, arterial anomalies, cardiac anomalies, aortic coarctation, 
and eye abnormalities. e patient underwent left carotid artery 
angioplasty and stenting and has been asymptomatic ever since. 

Conclusion: PHACE syndrome should be considered as a dif-
ferential diagnosis for ischemic events in young patients with pre-
vious history of segmental facial hemangiomas. 

O14

Possible benefit of „bridging“ therapy in acute 
basilar occlusion
Z. Poljakovic1, J. Ljevak1, M. Rados2, D. Ozretic2, S. Supe1,  
V. Matijevic1, D. Alvir1, A. Bazina1

1 University Hospital Center Zagreb, Department of Neurology, 
Zagreb, Croatia 
2 University Hospital Center Zagreb, Department of Radiology, 
Zagreb, Croatia

Basilar artery occlusion (BAO) accounts for about 6-10% of all 
large vessel occlusion strokes. Natural course of stroke in this loca-
tion varies depending on different but often unpredictable factors. 
However, according to most authors, the outcome is in 50-95% 
poor or fatal. Furthermore, symptoms are also not often typical 
and may vary from very mild but progressive neurological deficit, 
to acute onset of life threatening clinical picture including severe 
consciousness disturbance as well as respiratory or cardiac arrest. 
On the other hand, these differences in clinical picture do not pre-
dict final outcome. 

Modern revascularisation techniques enable recanalization of 
basilar artery (BA) in high percentage. Still, recanalization cannot 
assure good clinical outcome as well. Remaining question now-
adays is whether initial therapy with intravenous thrombolysis 
(alone or serving as „bridging“ therapy) may improve outcome in 
patients with basilar artery occlusion, or a direct intra-arterial ac-
cess (intra-arterial thrombolysis or thrombectomy) has to be the 
first choice treatment. Prospective, randomized trials comparing 
this two approaches are still lacking in this group of patient. 

We present group of patients with basilar artery occlusion (20 
patients) who were treated in last 2 years in University Hospital Za-
greb, according to our protocol which includes „bridging“ therapy 
concept, followed by endovascular recanalization methods, if nec-
essary. Although small in number, we reached a percentage of 69% 
of patients with favourable outcome (mRS 0-2), and 21% of our pa-
tients died. According to our experience, „bridging“ therapy encoun-
ters for favourable outcome of patients with BAO especially in acute 
setting without a possibility of immediate endovascular approach. 
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Methods: e contribution of TCD to autonomic function 
testing was examined retrospectively, with special focus on find-
ings during the tilt table test.

Results: Over the years 2013 and 2014 we performed 51 auto-
nomic function tests (26 male and 25 female ageing from 13 to 87 
with a mean of 55.7 yrs.). A continuous recording of at least one 
middle cerebral artery was obtained in 45 cases (88%). In 5 cases 
(10%) TCD demonstrated typical TCD changes preceding VVC. 
In 8 cases (16%) changes in TCD demonstrated how inflating an-
tishocktrousers improved cerebral hemodynamics during tilt ta-
ble testing in patients with OH or POTS. In 1 case with unilateral 
carotid artery occlusion we demonstrated an exhausted cerebral 
autoregulation explaining focal neurological deficit during OH.

Conclusions: At our department, the inclusion of TCD in au-
tonomic function testing proved worthwhile in approximately 1 
out of 4 cases. e benefit of incorporating TCD was: (1) to de-
tect typical TCD changes preceding VVC that allow examiners to 
bring back the patient in horizontal position prior to actual LOC, 
(2) to demonstrate the contribution of venous pooling in patients 
with OH and POTS and (3) to detect an occasional patient with 
exhausted cerebral autoregulation. 

O19

A proposed TCCS-based grading system for 
intracranial collaterals in cases of symptomatic 
ICA occlusion 
F. Abd -Allah1, H. Rizk1, , H. Khalil2, A. Hegazy3, A. Ismaiel4, M. Allam1

1 Neurology department, Cairo University, Cairo, Egypt 
2 Nuclear medicine department, Cairo University, Cairo, Egypt 
3 Neurosurgery department, Cairo University, Cairo, Egypt 
4 Radiology department, Cairo University, Cairo, Egypt

Objectives: to establish a novel TCCD-based grading system 
for collateral circulation in cases of symptomatic chronic total ca-
rotid occlusion (TCO). Also to correlate this new grading system 
with cerebrovascular reserve capacity measured by SPECT.

Methods: 34 patients with symptomatic chronic TCO diag-
nosed by color-coded duplex were subjected to: clinical assess-
ment, grading of cerebral collaterals using a new TCCD criteria 
(table 1), Brain SPECT studies at rest and with dipyridamole stress.

Results: the new grading system for cerebral collateral circu-
lation showed a significant positive correlation with CVR (P value 
< 0.001 & Spearman correlation coefficient 0.686) (figure 1).

Conclusion: the current study showed that this new TCCD 
grading system for cerebral collaterals is a good index for cerebral 
perfusion and reserve capacity in cases of chronic symptomatic 
TCO.
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O17

LUPUS – lumbar puncture with ultrasound study
C. Brunner, J. Balzar, W. Struhal, G. Ransmayr, M. R. Vosko

Dept. of Neurology, AKH, Medical Faculty, Johannes Kepler 
University Linz, Austria

Practical experience shows, that lumbar punctures are more 
challenging in the obese population. Not only obesity is responsi-
ble for a difficult lumbar puncture. Other factors contributing to a 
difficult LP approach are: fibrous tissue formation due to repeated 
LPs, spinal abnormalities and non-cooperating subjects. e pal-
pation is widely used to identify the puncture site, but it is usually 
difficult to accurately locate the puncture site in obese patients.

Ultrasound can be used to identify the landmarks in the lum-
bar region, the appropriate puncture point can be determined. 

We hypothesize that ultrasound assisted determination of the 
puncture point in obese patients decreases the incidence of multi-
ple punctures and re-directions and enhances the safety.

We present the protocol of a prospective randomized multi-
centre study to evaluate the impact of ultrasound imaging on the 
success rate of lumbar puncture in obese patients (Body mass in-
dex >25). All patients indicated for LP and a BMI>25 will be ran-
domized into two equal-sized groups for location of the puncture 
site. e success rate, the number of puncture attempts, the re-
directions of the needle, the complication rate (e.g. postpunctional 
headache, heamoragically liqour etc.) will be compared between 
the two groups and analysed. 

O18

TCD in autonomic function testing
A. Schaafsma

Dept. Clin. Neurophysiology, Martini Ziekenhuis Groningen,  
The Netherlands.

Background: Transient loss of consciousness (TLOC) is 
an important symptom with a broad differential diagnosis. Af-
ter excluding cardiac rhythm disorders and epilepsy, autonomic 
function testing may demonstrate disorders in blood pressure 
regulation as a possible cause of TLOC. It may reveal orthostat-
ic hypotension (OH), vaso-vagal collapse (VVC) or postural or-
thostatic tachycardia syndrome (POTS). In order to detect these 
syndromes, autonomic function testing should at least include a 
continuous recording of heart rate and arterial blood pressure. Is 
there added value of a continuous recording of intracranial flow 
velocities by means of TCD?
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Plasma levels of interleukin 23 are increased in 
patients with symptomatic carotid stenosis and 
are associated with adverse events
A. Abbas, I. Gregersen, D. Russell, P. Aukrust, B. Halvorsen,  
M. Skjelland

Research Institute of Internal Medicine, Department of 
Neurology, Section of Clinical Immunology and Infectious 
Diseases, Oslo University Hospital Rikshospitalet, Department of 
Neurology, Department of Thoracic and Cardiovascular Surgery, 
Østfold Hospital Trust, Norway

Background: Interleukin (IL)-23 is a cytokine mainly pro-
duced by antigen presenting cells with a central role in many in-
flammatory diseases. We hypothesize that IL-23 have an impor-
tant role in atherosclerosis, and investigate this in a population 
with carotid artery atherosclerosis. 

Methods: Plasma levels of IL-23 were measured in patients 
with carotid artery stenosis, and in healthy controls. e mRNA 
levels of IL-23 and its receptor, IL-23R, were measured in ather-
osclerotic plaques, non-atherosclerotic vessels, peripheral blood 
mononuclear cells (PBMCs) and plasmacytoid dendritic cells 
(pDCs). 

Results: Our findings were: (i) Patients with carotid athero-
sclerosis (n=177) had significantly higher plasma levels of IL-23 
when compared with healthy controls (n=24) with particularly 
high levels in patients with the most recent symptoms. (ii) mR-
NA levels of IL-23 and IL-23R were markedly increased in carotid 
plaques (n=68) when compared with non-atherosclerotic vessels 
(n=8-10). Immunostaining showed co-localization of IL-23 to 
plaque macrophages. (iii) Patients with carotid atherosclerosis had 
increased mRNA levels of both IL-23 and IL-23R in pDCs, but not 
in PBMCs. (iv) IL-23 increased IL-17 release in monocytes and 
particularly in PBMCs from patients with carotid atherosclerosis, 
but not in cells from healthy controls. (v) High plasma levels of 
IL-23 were associated with increased mortality during follow-up 
period.

Conclusion: Our study demonstrates an association between 
IL-23 and disease progression in patients with carotid atheroscle-
rosis, potentially involving IL-17-related mechanisms. Our find-
ing suggests that IL-23 might be a mediator for carotid artery 
plaque destabilization.

O20

Utility of ultrasonography in the diagnosis of 
pseudotumor cerebri syndrome
P. Lochner1, 2, M. L. Zedde2, F. Brigo1,4, L. Coppo2, R. Nardone1,  
F. Tezzon1, A. Naldi2, S. Sanguigni and S. Erwin6

1 Department of Neurology, General Hospital, Merano, Italy 
2 Department of Translational Medicine, Section of Neurology, 
University of Piedmont East ‘‘A. Avogadro’’, Novara, Italy 
3 Neurology Unit, Stroke Unit, Department of Neuromotor 
Physiology, Arcispedale S. Maria Nuova IRCCS, Reggio Emilia, 
Italy 
4 Department of Neurological and Movement Sciences. Section 
of Clinical Neurology, University of Verona, Verona, Italy 
5 Department of Neurology, General Hospital Madonna del 
Soccorso, San Benedetto del Tronto, Italy 
6 Department of Neurology, Caritasklinikum Saarbruecken, 
Saarbruecken, Germany

Background: Transorbital ultrasound (TOS) has been proven 
to be feasible and reliable to non-invasively detect elevated intrac-
ranial pressure. In these patients TOS shows an increase in optic 
nerve sheet diameter (ONSD). It has been suggested that an in-
creased internal jugular valve insufficiency (IJVVI) may represent 
a factor contributing to the pathogenesis of Pseudotumor cerebri 
Syndrome (PTCS). 

The aim of this study was to investigate whether patients 
with PTCS have higher ONSD values and higher frequency of 
IJVVI compared to healthy controls.

Patients and Methods: A case-control study was performed 
in 4 centers. 20 consecutive patients with newly diagnosed PTCS 
were compared with 19 healthy controls, matched for sex, BMI 
and age (±5 years). Experienced vascular sonographers used B-
mode TOS to evaluate ONSD, optic nerve diameter (OND) and 
JVVI. Opening pressure values were also measured.

Results: ONSD values were significantly higher in patients 
(6.50±0.63) than controls (5.81±0.64; p=0.002). No differences 
were found in OND values between patients (3.0±0.32) and con-
trols (3.0±0.35; p=1). No correlation was found between ONSD 
and opening pressure values (r=0.0058; p=0.8). No difference in 
frequency of IJVVI between patients (5/20, 25%) and controls 
(3/19, 16%) was observed (p=0.76).

Conclusions: Increased values of ONSD detected by TOS 
support the diagnosis of PTCS. A causative role of IJVVI for the 
pathogenesis of PTCS seems unlikely.
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P3

Intracranial stenosis characteristics in a group 
of patients
H. Nicolae, S. Petrescu, G. Vulpe, D. Vanghelie, I. Serbanoiu, C. Panea

Elias Emergency University Hospital – Bucharest, Romania

Background: e risk for stroke in asymptomatic patients 
with intracranial stenosis (IS) is 6% / year, but it rises up to 20% in 
patients with previous stroke or female gender. 

Methods: We present a group of 121 patients admitted in 
our Neurology Department from 2011 to 2013, mainly with acute 
stroke (91%). 

Results: 74 patients (61%) were men. Age distribution: 28 
(23%) under 60 yo, 74 patients (61%) between 60-80 yo, 19 pa-
tients (16%) over 80 yo.

Single or multiple vascular risk factors were present in 97% of 
patients:

•	 Hypertension: 100 patients, 59 (49%) treated, 
•	 Diabetes Mellitus type 2: 55 patients, 45 (37.5%) treated.
•	 Dyslipidemia: 78 patients, 30(25%) treated 
•	 Smoking: 51(42%) patients
Association with previous ischemic stroke was detected in 38 

patients (31%), and ischemic heart disease in 42 patients (35%)
IS had the following distribution:
•	 anterior: 106 patients; ICA – 55 (45%) and MCA – 51 

(42%)
•	 posterior: 31 patients; vertebral artery – 12 patients (10%) 

and basilar artery 19 patients (16%)
•	 multiple IS was detected in 16 patients (13%). 
31 patients (26%) had association between intra and extracra-

nial stenosis.
Clinical impact: 
•	 70 patients (58%) were symptomatic 
•	 16 patients (13%) were asymptomatic. 
•	 41 patients (34%) had symptoms in another territory 
•	 84 patients (69%) had small vessel disease.
Treatment for secondary prevention was personalized: 
•	 Ac. acetylsalicylic: 38(31,5%) patients 
•	 Clopidogrel: 22(18%) patients 
•	 Double antiplatelet therapy (ac. acetylsalicylic + clopi-

dogrel): 49(40,5%) patients 
•	 Warfarin: 12(10%) patients 
•	 Statins were recommended to 119(98.5%) patients 
Conclusions: Most of our patients with IS were males with 

age between 60-80 yo, with one or more vascular risk factors, ad-
mitted for an acute event. e major prevalence of IS was in the ca-
rotidian territory. More of the patients received double antiplatelet 
therapy and statins. 

P2

The changes of the size of carotid arterial 
plaque during 10 years in acute stroke patients
J.-H. Lee1, S.-H. Hwang2, E.-G. Kim3, I.-S. Koh4, S.-H. Suk5, J.-H. Park6 
1 Department of Neurology, National Health Insurance Service 
Ilsan Hospital, Goyang-si, South Korea 
2 Department of Neurology, Kangnam Sungsim Hospital, Seoul, 
South Korea 
3 Department of Neurology, Inje University Paik Hospital, Busan, 
South Korea 
4 Department of Neurology, National Medical Center, Seoul, 
South Korea 
5 Department of Neurology, Wonkwang University Sanbon 
Medical Center, Sanbon, South Korea 
6 Department of Neurology, Sanggye Paik Hospital, Seoul, South 
Korea

Background: Carotid arterial stenosis becomes more com-
mon and important risk factor for stroke patients in Asian area. 
We reviewed stroke database to investigate the changes of carotid 
arterial stenosis and peripheral arterial disease which reflects ad-
vanced atherosclerosis during approximately 10 years.

Methods: Acute stroke patients at the National Health Insur-
ance Corporation Ilsan Hospital at 2005-2006year and 2014 year 
with available carotid ultrasound, transcranial Doppler (TCD) ex-
amination and ankle-brachial indexes (ABI) formed the analysis 
cohorts. Retrospective review was performed.

Results: During 2005-2006 year, total of 304 patients were in-
cluded and during 2014 year, total of 192 patients were included. 
By duplex ultrasound, common, internal carotid arteries are exam-
ined and the biggest diameters of plaques are recorded. 3 groups 
of carotid arterial plaques are defined: less than 2mm, 2-4mm and 
greater than 4mm. During 2005-2006 year, the prevalence of less 
than 2mm is 37%(112 patients), 2-4mm is 57%(174 patients) and 
greater than 4mm is 6%(18 patients) During 2014 year, less than 
2mm is 31.7%(61 patients), 2-4mm is 57.3%(110 patients) and 
greater than 4mm is 11%(21 patients). As the size of carotid arte-
rial plaques increased, ABI is decreased: the mean ABI of less than 
2mm group is 1.09, the mean ABI of 2-4mm group is 1.01 and the 
mean ABI of greater than 4mm group is 0.95.

Conclusions: Among the acute stroke patients, the prevalence 
of carotid arterial stenosis tend to be increased during 10 years 
and more than a half of them have carotid arterial stenosis above 
moderate degree, and these patients tend to have higher burden of 
advanced atherosclerosis as evidenced by a higher prevalence of 
peripheral arterial occlusive disease. 
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Early evaluation of critic patients possibly 
evolving to brain death by transcranial doppler: 
The role of neurosonological education and 
training
A. Cramaro1, V. Saia1, S. Trapani1, ,A. Gallerini1, A. Peris2,  
M. Marinoni1

1 Neurosonology Lab, Department of Biomedical Sperimental 
and Clinical Sciences, Univesity of Florence, Italy  
2 Intesive Care Unit, Careggi Hospital, Florence, Italy 

Background: Transcranial Doppler (TCD) allows to detect 
diagnostic patterns of Cerebral Circulatory Arrest (CCA). Since 
2003 TCD has been included by Italian guidelines of the National 
Transplantation Council among the techniques accepted and rec-
ommended to assess CCA in specific clinical conditions.(i.e: EEG 
has not a diagnostic value or cannot be performed). TCD is a time 
saving confirming test of BD and plays a crucial role in avoiding 
useless artificial life support and facilitating the organ and tissue 
donation procedure. TCD should be the first choice confirming 
test of CCA.

Methods: We report the experience of the Neurosonology 
Laboratory of Florence in the use of TCD in routine clinical prac-
tice for the early evaluation of critical patients in Intensive Care 
Units (ICUs). All the Neurologists and the Technicians involved in 
this activity got the Italian and/or the International certification in 
Neurosonology. A ll patients were daily evaluated by TCD exami-
nation since their admission in the ICUs and TCD were repeated 
in case of sudden changes of clinical conditions.

Results: Out of 3067 TCD were performed in 1152 patients 
admitted in ICUs from 2004 to 2014, TCD patterns of CCA were 
detected in 97 patients. In 51 patients, TCD was employed as a 
confirmatory test for BD diagnosis with forensic medical value, 
according to the Italian legal standards. irty of them became or-
gan/tissue donors.

Conclusions: Our daily activity in ICUs supported by continu-
ous training and updating led to a relevant increasing of the quality 
level and the amount of TCD examinations. Sensibility and specific-
ity values in our series are in line with those published by the AAN 
guidelines, ranging from 91-100% and 97-100%, respectively. Up to 
now the lack of skilled Neurosonologists is the main cause for the 
limited use of TCD in BD confirming in most countries. 

P4

Relationship between carotid plaque thickness 
and bone mineral density
J.-H. Park1, S.-H. Suk2, I.-S. Koh3

1 Department of Neurology, Sanggye Paik Hospital, Inje 
University College of Medicine, Seoul, Korea 
2 Department of Neurology, Sanbon Hospital, Wonkwang 
University College of Medicine, Sanbon, Korea 
3 Department of Neurology, National Medical Center, Seoul, Korea

Background: Atherosclerosis and osteoporosis are two major 
public health problems. ough many studies have suggested as-
sociations between bone mineral density (BMD) and atheroscle-
rosis, these studies have emphasized coronary artery disease and 
calcified atherosclerosis. It is still uncertain whether an abnormal 
carotid ultrasonography, either increased intimal-medial thick-
ness (IMT) or plaque thickness, is associated with osteoporosis in 
acute ischemic stroke patients. To investigate the possible relation-
ships between osteoporosis and carotid atherosclerosis, we evalu-
ated the correlation between carotid IMT/plaque thickness and 
BMD in acute ischemic stroke patients.

Methods: Patients having their first ischemic stroke within 7 
days were screened for the study enrollment. Patients over 18 years 
old were eligible for the study if they did not have 1) transient isch-
emic attack or potential cardiac sources of embolism, 2) hormone 
replacement therapy or medication affecting bone metabolism, or 
3) any condition that might interfere with bone metabolism.

Results: During the study period, 155 patients were enrolled 
in the study and the mean age was 68.3±10.34 years. Carotid IMT/
plaque thickness was significantly related to age (r=0.370, p<0.001) 
and osteoporosis (r=0.293, p<0.001). An analysis of covariance 
(ANCOVA) for IMT/plaque thickness, with age, gender, and body 
mass index (BMI) used as covariates indicated that the osteoporo-
sis group had significantly increased IMT/plaque thickness. 

Conclusions: is study showed that increased carotid IMT/
plaque thickness was significantly associated with decreased BMD 
after controlling for the effects of age, gender, and BMI in acute 
ischemic stroke patients. 
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rhage. Only 1 paper was published on this topic referred the pres-
ence of Microembolic Signals (MES) in VA ECMO patients. The 
aim of the study is to confirm the possible presence of MES in 
patients treated with VA ECMO by Transcranial Doppler (TCD).

Methods: During VA ECMO treatment, a 60 minutes multi-
gate continuous TCD monitoring on both Middle Cerebral Arter-
ies was performed in day 1 and repeated every 48 hours or every 
24 hours in case of positive findings of MES. We enrolled patients 
admitted to our Intensive Care Units (ICUs) and treated with VA 
ECMO from December 2013 to February 2015. Exclusion criteria 
were presence of cardiac right-to-left shunt, presence of haemody-
namic internal carotid stenosis and bilateral inadequate acoustic 
windows (IAW).

Results: Out of 7 patients admitted to our ICUs and treated 
with VA ECMO, 1 dropped out because of bilateral IAW. e re-
maining 6 were evaluated by TCD monitoring during VA ECMO 
treatment. All patients survived. Out of the evalueted patients, 5 
showed TCD MES pattern: in 3 patients a curtain effect was re-
corded and in 2 patients ≤100 MES were detected. In 1 patient no 
MES were detected.

Conclusions: Our data show that patients treated with VA 
ECMO seem to have a high risk of embolism. In order to confirm 
these data the number of evaluated patients will be increase and a 
clinical and instrumental (e.g. brain CT or MRI) follow-up should 
be performed.

P8

Coregistration of transcranial doppler-
sonography and EEG in the diagnostic 
procedures of detection of brain death 
S. Supe, S. Hajnsek, K. Starcevic, A. Bujan Kovac

Department of Neurology, University Hospital Center Zagreb, 
School of Medicine, Zagreb, Croatia

Background: e guidelines for the determination of cerebral 
circulatory arrest (brain death) include clinical criteria and, de-
pending on countries, some confirmatory testing like TCD, EEG, 
Evoced potential, CT angiography, brain scintigraphy. Brain death 
is the process and its confirmation must be done with responsibil-
ity and proven reliability, particularly in the situations of planned 
organ transplantation. In donor management protocol in our prac-
tice, after brain stem death determined by clinical examination, we 
perform EEG and TCD monitoring followed by brain scintigraphy 
and in exceptional conditions, cerebral angiography as additional 
diagnostic test for brain death confirmation.

Methods: We present a case of patient which fulfilled clinical 
criteria of brain death due to a massive intracerebral hemorrhage 
(coma, absence of brainstem reflexes, apnea) in whom we moni-
tored EEG and TCD. Initially, on the first day of clinical proven 
brain death, brain scintigraphy detected only minimal signs of cer-
ebral flow in sagital venous sinus and cerebral angiography showed 
minimum sustained flow in the M2 segment of the right MCA. 

Results: During the nine days of monitoring, persisting EEG 
activity was obtained on right temporoparietal regions and TCD 

P6

Transcranial doppler microembolic signals 
detection in patients treated with veno-venous 
extracorporeal membrane oxygenation
A. Gallerini1, S. Trapani1, A. Cramaro1, L. Gucci1,  
L. Tadini Buoninsegni2, M. Bonizzoli2, A. Peris2, M. Marinoni1

1 Neurosonology Lab, Department of Biomedical Sperimental 
and Clinical Sciences, University of Florence, Italy 
2 Intesive Care Unit, Careggi Hospital, Florence, Italy 

Background: Veno – Venous (VV) Extracorporeal Mem-
brane Oxygenation (ECMO) is a temporary respiratory support 
for patients with acute lung failure. The aim of the study is to 
detect the possible presence of Microembolic Signals (MES) in 
patients treated with VV ECMO by Transcranial Doppler (TCD).

Methods: A 60 minutes bilateral and continuous TCD moni-
toring of Middle Cerebral Arteries was performed in patients with 
VV ECMO treatment during hospitalization in our Intensive Care 
Units (ICUs). e monitoring was performed at the start of ECMO 
treatment and every 48 hours or every 24 hours in case of MES re-
cording. We enrolled patients consecutively admitted in our ICUs 
from December 2013 to February 2015. We excluded patients with 
possible source of microembolism (cardiac right-to-left shunt or 
internal carotid stenosis ≥70%) and/or bilateral inadequate acous-
tic windows (IAW).

Results: Out of 46 patients admitted to our Regional ECMO 
Referral Centre 2 dropped out because of bilateral IAW and 1 be-
cause of the presence of cardiac right-to-left shunt.

e remaining 43 were evaluated by TCD monitoring during 
VV ECMO treatment.

In 8 patients MES were detected by TCD. Out of them, in at 
least one TCD monitoring 5 showed less than 10 MES and 3 more 
than 10 MES. No massive (curtain effect) embolism was detected. 

Conclusions: No data are published on emboli detection in 
patients treated with VV ECMO. Our data suggest that VV ECMO 
is a relatively safe procedure concerning the embolic risk, because 
of the low incidence of embolism

P7

Transcranial doppler microembolic signals 
detection in patients treated with veno-arterial 
extracorporeal membrane oxygenation
L. Gucci1, A. Gallerini1, S. Trapani1, A. Cramaro1, 
L. Tadini Buoninsegni2, M. Bonizzoli2, A. Peris2, M. Marinoni1

1 Neurosonology Lab, Department of Biomedical Sperimental 
and Clinical Sciences, University of Florence, Italy 
2 Intesive Care Unit, Careggi Hospital, Florence, Italy 

Background: Veno– Arterial (VA) Extracorporeal Membrane 
Oxygenation (ECMO) is a mechanical circulatory support for pa-
tients with potentially reversible heart injury. Possible complications 
of VA ECMO treatment can be ischaemic stroke and brain hemor-
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P10

The relevance of daily transcranial doppler 
monitoring in clinical management of patients 
with subarachnoid hemorrhage
S. Trapani1, V. Saia1, A. Cramaro1, A. Gallerini1, M. Marinoni 1

1 Neurosonology Lab, Department of Biomedical Sperimental 
and Clinical Sciences, University of Florence, Italy

Background: e utility of Transcranial Doppler (TCD) in 
patient with Subarachnoid Hemorrhage (SAH) is still debated. 
e aim of our study is to evaluate the clinical relevance of daily 
TCD monitoring in patients with SAH. 

Methods: We enrolled consecutive patients admitted to the In-
tensive Care Units (ICUs) of our hospital because of SAH during a 
12 months period. All the evaluated patients showed a brain TC scan 
positive for SAH at the admition in ICU. e presence of the hem-
orrhagic aneurysm was confirmed by cerebral angiography. Patients 
with bilateral inadequate acustic windows were excluded. Diagnosis 
and grading of vasospasm were assessed according to Aaslid crite-
ria. All patients were daily followed up by TCD since their admis-
sion in ICU until the 15th day or until vasospasm resolution in case of 
persisting hemodynamic pattern of vasospasm. At admission Hunt 
&Hess (H&H) and Fisher scale were collected. Glasgow Coma Scale 
(GCS), pharmacological and neurosurgical treatments and clinical 
data were daily collected for each patient. Clinical follow-up was per-
formed by means of the Glasgow Outcome Scale (GOS) at 6 months. 

Results: We evaluated 36 patients (mean age 54±18 yo, 75% 
female). Twenty-five (69,4%) patients showed TCD hemodynamic 
signs of vasospasm. Mean time of vasospasm onset was 7.12±4.6 
days. Treatment strategy was modified according to TCD pattern 
in 27.7% of patients. TCD and Fisher scale did not show a posi-
tive predictive value of clinical outcome. GCS and H&H showed 
a significant positive correlation to clinical outcome (P=0.001 and 
P=0.028 respectively).

Conclusions: Daily TCD monitoring allows to detect real 
time hemodynamic changes before the appearance of clinical signs 
related to vasospasm. A correlation between clinical scales and 
clinical outcome was found. e original datum of this study is the 
utility of TCD daily monitoring in modifying treatment strategy of 
SAH patients aimed at preventing SAH complications. 

P11

Micro embolic signals (MES) detection in acute 
stroke by transcranial doppler (TCD)
M. Pradeep, M. Mazharudin, C. Ramakrishnan

KG Hospital & Post graduate Medical Institute, Coimbatore, India

Background: Micro emboli signal detection is one of the 
main applications of Transcranial Doppler (TCD) in stroke.MES 
are reported to be an independent risk factor for stroke. MES al-
so helps in identifying the underlying pathophysiology of stroke. 
MES also helps in assessing the response to treatment.

showed blood flow in right MCA on insonnation thought tempo-
ral bone window.On the tenth day TCD shows a “pattern of cer-
ebral circulatory arrest” with absence of previously demonstrated 
flow with short enduring systolic spikes (125ms) with low systolic 
velocity (35cm/sec). 16 channels EEG, recorded according to the 
protocol for brain death did not show any electroencephalograph-
ic activity. We confirmed brain death by all criteria and the patient 
entered heartbeating brain death donor program.

Conclusion: Coregistration of transcranial Doppler-sonogra-
phy and EEG is reliable diagnostic approach and criteria for detec-
tion of cerebral death.

P9

Optic nerve sheath diameter ultrasound 
evaluation in intensive care units for brain 
death diagnosis
M. Toscano, F. Puledda, G. Spadetta*, M. Rocco*, P. Pulitano,  
V. Di Piero, O. Mecarelli, E. Vicenzini

Sapienza University of Rome, Department of Neurology and 
Psychiatry, *Intensive Care Unit, Transplant Centre, Italy

Background: several studies have correlated the increase of 
the Optic Nerve Sheath Diameter (OSND), evaluated with ultra-
sound, as a reliable non-invasive marker of intracranial hyperten-
sion in neurosurgery and Intensive Care Units. Aim of the study 
was to demonstrate the efficacy and simplicity of OSND ultrasound 
evaluation, when monitoring neurocritical patients, in order to ear-
ly identify raised intracranial pressure and Brain Death (BD).

Methods: Data from ultrasound OSND evaluation has been 
retrospectively analyzed in 21 patients affected by neurological 
diseases that, during their clinical course, developed BD and 
compared with 32 non-neurological controls. Two out of the 21 
patients that developed BD were submitted to decompressive 
craniectomy.

Results: patients with neurological diseases, before BD, 
showed higher OSND values than the control group (CTRL: RT 
0,45±0,03 cm; LT 0,45±0,02 cm. Pre-BD: RT 0,54±0,02 cm; LT 
0,55±0,02 cm. p< .000) even without intracranial hypertension, 
evaluated with invasive monitoring. ONSD was further signifi-
cantly markedly increased in respect to the basal evaluation in 
neurocritical patients at the time of BD occurrence, with mean 
values above 0,7 cm (RT 0,7±0,02 cm; LT 0,71±0,02 cm. p<.000) 
and correlated with a raise in intracerebral pressure higher than 
the mean arterial blood pressure. Conversely, in the two patients 
who underwent decompressive craniectomy, no significant OSND 
further increase was observed even after BD.

Conclusions: OSND is a reliable marker of intracranial hy-
pertension, easy to be performed, with a minimal training, even 
by non-neurosonologists. Routine ONSD daily monitoring could 
be of help in Intensive Care Units or when invasive intracerebral 
pressure monitoring is not available, to early recognize intracra-
nial hypertension and to suspect BD – when OSND is rapidly in-
creased over 0,7 cm – in neurocritical patients who develop signs 
of cerebral deterioration. 
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On the other hand, lower MFV values and higher BP pressures as-
sociated with intracranial haemorrhage. is small series demon-
strates the important role of TCCS in PRES patients, particularly 
in predicting brain ischaemia that may warrant more aggressive 
treatment. 

P13

Hemodynamic impact of carotid siphon wall 
calcification in intravenous thrombolysis
J. Sargento-Freitas, M. Tábuas-Pereira, M. Mesquita, M. Baptista,  
J. Parra, C. Machado, B. Rodrigues, F. Silva, G. Cordeiro, L. Cunha

Coimbra University and Hospital Centre, Coimbra, Portugal

Background: Arterial wall calcifications are recognized as an 
indirect imaging evidence of chronic atherosclerosis. Moreover, 
they have been recently reported as an important pathobiological 
process impairing vascular hemodynamics and leading to worst 
outcomes after acute myocardial infarct. However, the potential 
impact of intracranial arterial wall calcifications in patients under-
going intravenous thrombolysis for acute ischemic stroke has not 
yet been assessed. 

Methods: We included consecutive ischemic stroke patients 
submitted to intravenous thrombolysis in a tertiary stroke center 
between January 2011 and September 2014. Patients submitted to 
acute intra-arterial therapies were excluded. Baseline CT-scan was 
used to calculate the total carotid siphon calcium score (TCSC) 
by two blinded neuroradiologists. Recanalization was defined as 
rombolysis in Brain Ischemia score of 4 or 5 by transcranial 
color coded Doppler and/or CT-angiogram performed within 6 
hours after symptoms onset. Hemorrhagic transformation was 
graded according to ECASS criteria in the 24 hours control CT 
scan, both parenchymal hemorrhage grades 1 and 2 were consid-
ered. Variables with statistically significant univariate association 
with TCSC were inserted in multivariate logistic regression mod-
els to identify independent predictors of recanalization and hem-
orrhagic transformation. Statistical significance was set for p<0.05.

Results: We analyzed 433 patients, mean age 74.61±11.15 
years, 226 (52.2%) male. Median TCSC was 5.0 (interquartile 
range: 3.0). In univariate analysis TCSC was associated with older 
age, diabetes mellitus, high blood pressure and cardiac insufficien-
cy. In multivariate analysis TCSC was not an independent predic-
tor of recanalization (OR: 0.951, 95%CI: 0.863-1.048, p=0.311) 
nor hemorrhagic transformation (OR: 1.010, 95%CI: 0.843-1.210, 
p=0.914).

Conclusion: In the setting of acute ischemic stroke, the pres-
ence of intramural calcifications in the carotid siphon is not a pre-
dictor of hemodynamic outcomes after intravenous thrombolysis.

Aim of study: To evaluate the yield of TCD in detecting MES, 
predictors for positive MES & recurrence of stroke.

Method: 260 patients with stroke were evaluated with TCD 
over a period of 3 years from January 2012 to january 2015. TCD 
monitoring of MCA, ACA & PCA were done bilaterally for one 
hour. Positive MES TCD monitoring was defined by the presence 
of more than or equal to 1 MES on either hemisphere.

Results: Mean age of the patients was 58. 72% were males & 
28% were females.. Median duration of the monitoring was one 
hour.e risk of MES positive was calculated with multiple logistic 
regression analysis. 52 patients out of 260 were MES positive. e 
presensce of valvular heart disease(Odds ratio 5.8) & e number 
of infarcts (Odds ratio 2.4) increased the odds of having positive 
MES. Patients with positive MES on TCD monitoring are twice at 
risk of stroke recurrence than patients with negative MES.

Conclusion: Our study showed that that the presence of valvu-
lar heart disease and presence of multiple infarcts on neuro imaging 
are associated with positive MES on TCD emboli monitoring.

P12

The role of transcranial Doppler 
ultrasonography in posterior reversible 
encephalopathy syndrome
A. Costa, J. P. Filipe, R. Santos, C. Ferreira, P. Abreu, E. Azevedo,  
P. Castro

Hospital Center São João, Department of Neurology, Serviço de 
Neurologia, Porto, Portugal

Introduction: Posterior reversible encephalopathy syndrome 
(PRES) is an infrequent, usually benign clinic-radiological syn-
drome, although may be complicated by cerebral ischaemia or 
haemorrhage. Our aim was to evaluate the role of early TCCS in 
predicting these complications.

Methods: We performed a retrospective analysis of patients’ 
charts with the diagnosis of PRES that had a TCCS evaluation early 
after the beginning of symptoms. All evaluations were performed 
by two experienced technicians. We evaluated arterial blood pres-
sure (BP), mean cerebral blood flow (MFV) and the presence of 
criteria for vasospasm. Cerebral ischaemia (CI) and intracranial 
haemorrhage (ICH) was evaluated with MRI. 

Results: We included eleven patients, 8 female, with a median 
age of 35 years (range: 11-74). TCCS was performed in median 2 
days after symptom onset (range: 1-10). Vasospasm criteria were 
present in 7 patients (ACA=3, PCA=5 and VA=4). ICH was de-
tected in 4 patients and CI in 5. BP was similar among patients 
with and without CI (p=0.648) but significantly higher in ICH 
(103+/-17 vs 84+/-9 mmHg, p=0.040). MFV tended to be higher 
in CI patients but significantly lower in ICH (MCA, 54+/-10 vs 
89+/-24, p=0.014; ACA, 46+/-2 vs 66+/-15, p=0.011; PCA, 32+/-
21 vs 51+/-18, p=0.146; VA, 33+/-4 vs 48+/-12, p=0.017). Vasos-
pasm was associated with CI detection (62.5% vs 0%, p=0.182). 

Conclusions: In PRES patients, detection of vasospasm by 
TCCS was associated with an increased risk of cerebral ischaemia. 
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Diagnostic accuracy of transcranial sonography 
and DaTSCAN in early stages of Parkinson’s 
disease
J. Jesus Ribeiro1, J. Sargento-Freitas2, M. Sousa1, F. Silva2, F. Moreira1,  
A. Freire1, C. Januário1

1 Neurology Department;  
2 Neurosonology Laboratory Centro Hospitalar e Universitário de 
Coimbra, Coimbra, Portugal 

Background: e diagnosis of Parkinson’s disease (PD) is a 
challenge in the early stages of the disease. Currently, both tran-
scranial sonography (TCS) and DaTSCAN are recommended as 
auxiliary exams for the diagnosis of PD. However these exams im-
ply different costs and biological risks. Our goal is to evaluate the 
diagnostic accuracy of the TCS and DaTSCAN (123I-Ioflupane) 
in the diagnosis of PD in early stages.

Methods: We consecutively evaluated patients followed in 
movement disorders consultation with the clinical diagnosis of 
PD in early stages (Hoehn & Yahr ≤ 2) and Essential Tremor (ET). 
All patients underwent DaTSCAN and TCS with a maximum in-
terval of six months. e Investigators were blinded to the clinical 
diagnosis and DaTSCAN results. e area of hyperechogenicity 
in the substantia nigra (SN) was measured bilaterally in the axial 
plane, using an area ≥0.24 cm2 in either side as cut-off for abnor-
mal study, according to internationally accepted criteria for the ul-
trasound system used. 

Results: 58 patients were analysed, 3 (5.2%) were exclud-
ed due to poor temporal acoustic bone window. From a total of 
55, the clinical diagnosis was ET in 24 (43.64%) and PD in 31 
(56.36%), mean age 59.44±10.98 years and 33 (60.0%) were male. 
Mean disease duration of PD was 1.82±0.86 years. Compared to 
clinical diagnosis of PD, TCS had a sensitivity of 90.3% and speci-
ficity of 88.9%; DaTSCAN had a sensitivity of 81.5% and specific-
ity of 83.9%. Diagnostic tests demonstrated a substantial level of 
agreement between them (kappa coefficient of agreement: 0.709, 
p <0.001). 

Conclusion: TCS and DaTSCAN have similar diagnostic ac-
curacy for the clinical diagnosis of early stage PD. Considering the 
advantages of TCS regarding safety and expenses it appears to have 
a more favourable profile for clinical use in this stage.

P14

The intracranial arterial stenosis and 
extracranial internal carotid arterial stenosis in 
acute stroke patients
S.-H. Hwang1, J.-H. Lee2, Y.-K. Minn1, I.-S. Koh3, J.-H. Park4, S.-H. Seok5

1 Neurology, Kangnam Sacred Heart Hospital, Seoul, Korea 
2 Neurology, National Health Insurance Service Ilsan Hospital, 
Goyang, Korea 
3 Neurology, National Medical Center, Seoul, Korea 
4 Neurology, Sanggye Paik Hospital, Seoul, Korea 
5 Neurology, Ansan City Elderly Hospital, Ansan, Korea 

Background: Intracranial arterial stenosis are relatively com-
mon findings of stroke patients in Asia area. We reviewed stroke 
database to investigate clinical risk factors related to intracranial 
arterial stenosis, including carotid disease, and peripheral arterial 
disease which reflects advanced atherosclerosis. 

Methods: Acute stroke patients at the National Health Insur-
ance Corporation Ilsan Hospital from January 2014 to Decem-
ber 2014 with available transcranial Doppler(TCD) examination, 
carotid ultrasound and ankle-brachial indexes(ABI) formed the 
analysis cohorts. Retrospective review was performed. 

Results: 24.5 % of the patients with incomplete TCD study 
due to poor insonation windows were excluded, a total of 304 pa-
tients were included during that period, According to TCD crite-
ria, 3 groups of intracranial arterial stenosis are defined: 0 vessel 
stenosis is in 40% of the patients, 1-2 vessels in 34.5%, more than 
3 vessels in 25.5%. By duplex ultrasound, common, internal ca-
rotid arteries are examined and the biggest diameter of plaques 
are recorded. 3 groups of carotid arterial plaques are defined: less 
than 2mm is 31.7% of the patients, 2-4mm is 57.3% and greater 
than 4mm is 11%. As the arterial number of intracranial stenosis 
increased, the prevalence of carotid artery plaque above moderate 
degree is increased. 

Conclusions: Among the acute stroke patients, about a half of 
them have intracranial arterial stenosis and these patients tend to 
have higher burden of advanced atherosclerosis as evidenced by 
a higher prevalence of moderate to large sized plaques of carotid 
artery.
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raphy (TCS) could be used as a reliable tool in the differential di-
agnosis of these disorders. 

Methods: We examined 14 neurological WD patients, 15 EO-
PD patients and 24 age-matched healthy control subjects. Echo-
genicity of substantia nigra (SN) and nucleus lentiformis (NL) 
were measured using TCS with the capability of brain magnetic 
resonance fusion imaging using Virtual Navigator. e echogenic-
ity indices of SN and NL were processed using digital image analy-
sis to exclude subjective evaluation errors. 

Results: Mean SN echogenicity index in EO-PD (39.9±6.0) 
was higher compared to WD (27.8±5.4, p<0.0001) and con-
trol subjects (28.8±4.9, p<0.0001). Mean NL echogenicity index 
was higher in WD (118.7±41.0) compared to EO-PD (61.5±5.5, 
p<0.0001) and control subjects (54.9±11.2, p<0.0001). e SN hy-
perechogenicity had sensitivity 93.3%, and specificity 85.7%, while 
the NL hyperechogenicity had sensitivity 100% and specificity 
93.3% for differential diagnosis of WD and EO-PD. 

Conclusions: Transcranial sonography can be used as high-
ly sensitive and specific tool for differential diagnosis of WD and 
EO-PD. 

P18

Transcranial sonography in differing  
Parkinson’s disease from essential tremor
I. Štenc Bradvica, S. Soldo-Butković, D. Jančuljak, M. Bradvica1,  
I. Mihaljević2

University Hospital Osijek, Department of Neurology 
1 University Hospital Osijek, Department for Ophtalmology 

2 University Hospital Osijek, Department for Nuclear Medicine 
and Radiation Protection, Osijek, Croatia

We wanted to determine the specificity and sensitivity of tran-
scranial sonography (TCS) in differing Parkinson’s disease (PD) 
from essential tremor (ET) and to compare the results with the 
specificity and sensitivity of DaTSCAN which was taken as a gold 
standard.

In this study we included 110 patients with the symptomatol-
ogy of parkinsonism lasting 6 to 12 months. e computed brain 
tomography in all patients was normal. According to the DaTS-
CAN results, patients were divided into two groups. Using TCS 
the substantia nigra hyperechogenicity was encircled and meas-
sured. e sensitivity and specificity of TCS was calculated. From 
110 patients, 51 (46,4%) patient had ET and 59 (53,6%) patient 
suffered from idiopathic PD. e specificity of TCS was 88.2%, 
and the sensitivity 94.9% in confirming Parkinson’s disease.

Transcranial sonography highly correlates due to it’s specificity 
and sensitivity with DaTSCAN,

so the results suggest performing it before or even instead of 
DaTSCAN.

P16

Midbrain area measurement by transcranial 
sonography for discrimination Parkinson 
disease from progressive supranuclear palsy 
(PSP)
A. Mosavi MD, B. Zamani MD, M. Rouhani MD

Iran University of Medical Sciences, Teheran, Iran

Background: Parkinson disease(PD) is the most common 
cause of parkinsonism syndrome.In many cases especially in early 
stage of the disease, differentiating PD from other parkinsonism 
syndromes (atypical parkinsonisms) solely by clinical findings is 
very difficult if not impossible.So dependable imaging finding for 
discrimination these diseases.Transcranial sonography (TCS) is 
a noninvasive imaging technique that has sparked an increasing 
amount of interest in the past decade.

Methods: We studied 18 patients with PD and 17 patients 
with progressive supranuclear palsy(PSP).TCS was performed by 
an expert neurosonologist who was blinde to the patient’s diag-
nosis.Midbrain area,third ventricle diameter and substantia nigra 
(SN) echogenicity was determined.

Results: TCS was performed in 35 patients(17 PSP,18 PD).Pa-
tients with PSP obviously had smaller midbrain area(3.616 cm2 vs 
4.86cm2,P<0.001).With a cut point of 4.22 cm2 one can differenti-
ate PD from PSP with a positive predictive value 75% (Sensitivity=
83%,Specificity=75%).As expected,patients with PSP had a smaller 
area of hyperechogenicity in SN (0.25 cm2 vs 0.384 cm2,P<0.05).
Patients with PSP also had a higher third ventricle diameter (0.818 
cm vs 0.435 cm,P<0.001).No relationship between these findings 
and age or duration of disease was found.

Conclusion: Using TCS for measurement of midbrain area, 
third ventricle and SN echogenicity can be a great help to differen-
tiating PD from PSP.

P17

Transcranial sonography in differential 
diagnosis of Wilson disease and early-onset 
Parkinson disease
D. Školoudík1,2, J. Mašková1, P. Dušek1

1 Department of Neurology, Charles University in Prague, 1st 
Faculty of Medicine and General University Hospital Prague, 
Prague, Czech Republic 
2 Department of Nursing, Faculty of Health Science, Palacký 
University Olomouc, Olomouc, Czech Republic

Background: Wilson’s disease (WD) is an autosomal reces-
sive disease caused by ATP7B mutation resulting in copper accu-
mulation in liver and brain. Early-onset Parkinson’s disease is a 
neurodegenerative movement disorder with age of onset less than 
40 years. WD may manifest as adolescence or early-adulthood on-
set parkinsonism and may be difficult to distinguish from EO-PD. 
e aim of our study was to find out whether transcranial sonog-
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increases the diagnostic yield, allowing transforaminal medulla 
oblongata visualization. In this study we report transforaminal 
measures of the medulla oblongata in comparison with MRI using 
US-MRI-fusion imaging (UFI) in a group of patients with normal 
transforaminal MR imaging. 

Methods: Patients were recruited from our hospital if routine 
cMR-imaging (T2-sequence) was available and showed normal 
medulla oblongata anatomy at the foramen magnum level. e ap-
plied US-MRI-fusion imaging (UFI) is a new bedside technique

permitting a combination of live ultrasound with simultane-
ous visualisation of exactly matched MR images, derived from 
pre-registered datasets. UFI was performed as an additional image 
sequence during routine transcranial vascular ultrasound using an 
Esaote Mylab Twice system (Italy, Padua) equipped with the “Vir-
tual Navigator” software. 

Results: UFI was performed in 10 patients with good match-
ing results between live ultrasound and MR images. US-derived 
transverse and longitudinal foramen ovale diameter was 4,4±1,6 
and 4,0±1,2 cm, MR-derived measures were 3,6±0,3 and 3,7±0,6 
cm, respectively. US-derived transverse and longitudinal medul-
la oblongata diameter was 1,5±0,2 and 1,5±0,2 cm, MR-derived 
measures were 1,5±0,2 and 1,6±0,2 cm, respectively.

Conclusions: Transforaminal B-mode imaging permits me-
dulla oblongata assessment in excellent agreement with MR-de-
rived measures. Comparison using ultrasound-MR-fusion imag-
ing shows better correspondence of medulla oblongata measures 
than measures of the foramen magnum.

Poster Session I – 4. 
Case reports and pitfalls

P21

Outpatient cardiac arrest (CA) with prolonged 
cardiopulmonary resuscitation (CPR),  
more than 30 minutes
A. Catalan, R. Sierra, R. Diaz, A. Catalan-Alarcon1

Hospital Universitario Puerta del Mar Cádiz. Unidad Cuidados 
intensivos adultos, 
1 Ingeniero industrial, Universidad de Cadiz, Cadiz, Spain

Young patient 28 years, no personal history, who was treated 
on public road by loss of consciousness, cardiac arrest, initially 
detected ventricular fibrillation (VF), requiring several cardiover-
sions, pulseless heart rate recobres and finally sinus rhythm with 
pulse, after more than 30 min of CPR. In the emergency depart-
ment of our hospital, has a GCS of 3 points, with some facial myo-
clonic movement. Nonreactive medium pupils. Endotracheal intu-
bation, mechanical ventilation, SpO2 100%. e CT scan shows no 
abnormalities. On admisión to the ICU: TA 90/55 mm Hg; FC 90/

P19

The results of transcranial sonography in the 
group of Polish patients with parkinson disease: 
Case – control study
W. Ambrosius, S. Michalak, M. Owecki, M. Łukasik,  
J. Florczak-Wyspiańska, W. Kozubski

Poznan Medical Sciences, Department of Neurology, Poznan, 
Poland

Background: Substantia nigra (SN) hyperechogenicity as-
sessed by transcranial sonography (TCS) is a well-recognized 
phenomenon detected in patients with Parkinson’s disease (PD). 
Guidelines emphasize the need to define the standard reference 
values of SN echogenic sizes for an every ultrasound system. 

e main aim of the study was to investigate the association 
between PD in Polish patients and SN hyperechogenicity meas-
ured by Aloka Prosound 7 device, which has not been done so far. 

Methods: In this study SN hyperechogenicity was evaluated 
in 102 PD patients consecutively admitted to the hospital. e 
control group included 95 subjects without central nervous sys-
tem disease. We performed SN area measurement with the rela-
tion to the clinical features of PD. Inter– and intra-observer reli-
ability were also calculated.

Results: e mean area of SN hyperechogenicity was signifi-
cantly greater in the PD patients than in the controls 0.23 +/– 
0.04 cm2 and 0.12 +/– 0.06 cm2, respectively (P < 0.001). Analysis 
of receiver operating characteristic indicated a cut-off value for 
SN echogenicity at 0.19 cm² (accuracy equal to 90%, specificity 
– 86% and sensitivity – 93.7%). e relation between SN hyper-
echogenicity and clinical status has not been found. Reliability 
was good if an experienced sonographer had performed the SN 
measurements.

Conclusions: e study with application of the new ultra-
sound device confirmed the previous results: SN hyperechogenici-
ty visualized by TCS can be helpful in the process of PD diagnosing.

P20

Ultrasound-MR-fusion imaging – new insights 
for transforaminal B-mode insonation 
S. J. Schreiber, J. Valdueza, F. Connolly 

Charité Universitätsmedizin Berlin, Dept. of Neurology, Berlin, 
Germany

Background: Transcranial B-mode ultrasound has become 
an established tool for non-invasive bedside analysis of brain pa-
renchymal structures. So far, measurements of ventricle width, 
midline shift or alterations of basal ganglia echogenicity are com-
mon clinical questions to the technique using the transtemporal 
bone window. e transforaminal window seems to lack relevant 
B-mode information is mainly be used for assessment of vascular 
structures like vertebral and basilar artery and their branches. Im-
proved B-mode imaging of modern ultrasound systems, however, 
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misensitive extinction and left Horner syndrome. Normal CT. CT 
angiography: BCA thrombus. Supra-aortic trunks duplex: Pres-
ence of a mobile, isoechogenic image at the distal section of BCA 
consistent with thrombus. TDS: TIBI 3 grade at right MCA. No 
signs of ischemia in the right UL. Intravenous anticoagulation is 
started with subsequent oral anticoagulation. e mRS is 1 when 
discharged. 

Conclusions: BCA thrombosis may appear only as cerebral 
ischemia. e Supra-aortic trunks duplex could be a useful tool to 
diagnose these cases, as we show in the second case. ere is no 
data currently available suggesting a specific treatment for patients 
with BCA thrombosis and ischemic brain injury.

P23

Oscillating thromboemboli as markers of acute 
carotid occlusion
Y. Lee, K. Lee

Dept of Neurology, SNU-SMG Boramae Medical Center, Seoul 
National University, Seoul, South Korea

Clinical manifestations of carotid occlusion are highly vari-
able from ocular TIA to devastating stroke. However, it is not 
easy to differentiate acute from chronic occlusion with MRA or 
CTA. We report three patients of minor stroke with acute carotid 
occlusion, who showed characteristic ultrasonographic findings 
in the symptomatic ICA. Mobile oscillating thromboemboli or 
spontaneous echo contrast were observed. Compelete recanal-
ization was documented by follow-up MRA and carotid ultra-
sonography, and oscillating thromboemboli also disappeared 
in one patient. Other two patients showed persistent occlusion, 
however, oscillating thromboemboli disappeared. Ultrasonogra-
phy is useful to differentiate acute versus chronic occlusion in 
case of carotid occlusion with minor stroke or TIA. Oscillating 
thromboembolic and subsequent recanalization indicate acute 
embolic rather than chronic thrombotic occlusion. ese find-
ings may be critical for the diagnosis and proper management 
of the patients.

P24

Usefulness of vasomotor reactivity 
measurement for predicting stroke risk in 
patients with MCA stenosis 
J.-M. Park, K. Kang, J. J. Lee, O. Kwon, B.-K. Kim

Eulji General Hospital, Eulji University, Department of Neurology, 
Seoul, Korea

Background: Despite medical therapy, the risk of stroke in 
patients with Intracranial atherosclerotic stenosis (ICAS) remains 
high according to stenosis degree. We report a patient with bilat-
eral MCA stenosis who developed stroke in less stenotic MCA ter-
ritory with impaired vasomotor reactivity (VMR).

min; SpO2 98%. Without sedation GCS 6-7 (O1V1M4-5). Con-
nected to CMV. Jugular engorgement. Rest exploration anodyne. 
Additional tests: orax Rx, no alterations, ECG, Sinusal rhythm 
90/min. Analysis: hyperglycemia; pH 7.17 PaCO2 42 CO3H 14; 
lactate 96 mg%; elevated enzymes. Test negative psychotropic 
drugs in urine. 

Evolution: favorable, 9 days of stay in ICU. Echocardiography 
shows severe ventricular dysfunction (LVEF 12%), with severe 
global hypokinesia and apical akinesia. Urgent catheterization 
showed healthy coronary arteries and severe ventricular dysfunc-
tion. Hemodynamics of the right cavities with S. Ganz, confirms 
situation cardiogenic shock, guiding us in therapy with vasoac-
tive, norepinephrine and dobutamine. On the 3rd day of ICU stay, 
a new ecocardiography was still showing LVEF 29%. EEG shows 
generalizad moderate to severe cortical affectation, and normal 
SSEP (somatosensory evoked potentials). e 6th day, sedation 
withdrawal, progressively gets an adequate level of consciousness 
allowing removal of the mechanical ventilation and extubation. So 
it gradually withdrawing vasoactive is achived, norepinephrine the 
7th day and dobutamine the 9th day, can move to the floor of Car-
diology to continue studies. ree studies of Transcranial Doppler 
Ultrasonography were performed during his stay, the day of ad-
mission in ICU, and every three days.

P22

Ischemic stroke and brachiocephalic 
artery thrombosis: Do we know the acute 
management?
N. Redondo Ráfales, A. Iglesias Mohedano, A. García Pastor,  
P. Vázquez Alén, ML. Martínez Ginés, JA Villanueva Osorio,  
Y. Fernández Bullido, AC Gil-Núñez, F. Díaz Otero

Gregorio Marañón General University Hospital, Stroke Unit, 
Madrid, Spain

Introduction: e occlusion of the brachiocephalic artery 
(BCA) may compromise the blood supply of the right upper limb 
(UL) and the brain. e diagnosing tools and management of this 
condition in not well known. We report two cases of thrombosis of 
the BCA with different clinical features and management.

Patient/Methods/Results:
Case 1: 51-year-old male, hypertensive and smoker who pre-

sents with abrupt left hemiparesis, hemisensitive extinction and 
hemianopsia. Computerized tomography (CT) shows hypoden-
sity of the territory of the right middle cerebral artery (MCA) with 
spontaneous hyperdensity in M1. e transcranial duplex sonog-
raphy (TDS) shows a TIBI 2 grade at right MCA. Subsequently the 
patient starts feeling pain in the right UL and developing paresis, 
paleness, coldness and absence of distal pulse. CT angiography 
shows an intraluminal thrombus at the ostium of the BCA. In-
terventional management is implemented due to the ischemia of 
the right UL followed by anticoagulation. e mRS is 0 when the 
patient is discharged. 

Case 2: 59-year-old woman, hypertensive, obese. Complain-
ing of dizziness. At the physical exploration right hemianopsia, he-
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ta amplitudes were symmetrically increased in the temporo-parietal 
regions while alpha activity returned to basal conditions.

Conclusion: in our patient, intracranial hemodynamic chang-
es to compensate the carotid vessel malformation could be in-
volved in the epileptic susceptibility. f-TCD seems to be an inter-
esting method to non-invasively assess seizure pathogenesis when 
hemodynamic alterations are identified.

P26

Bilateral extra-adrenal paraganglioma 
coexisting with coronary artery disease and 
transient ischemic attacs
J. Valaikiene1, J. Dementaviciene2

¹ Vilnius University, Faculty of Medicine, Clinic of Neurology and 
Neurosurgery, Vilnius University Hospital Santariskiu klinikos, 
Centre of Neurology, Lithuania 
2 Vilnius University, Faculty of Medicine, Department of 
Radiology, Nuclear Medicine and Medical Physics, Vilnius 
University Hospital Santariskiu klinikos, Radiology and Nuclear 
Medicine Centre, Lithuania 

Background: Carotid paragangliomas belongs to group of 
rare neuroendocrine tumors of head and neck. We present a very 
rare case history of patient with coronary artery disease (CAD) 
and transient ischemic attacks (TIA), whom a large carotid par-
aganglioma initial detected by color-coded sonography (ECCS). 
Case presentation: 53 years old woman was examined neuro-
logically due to repeated TIA with short lasting weakness of the 
left leg, associated with elevated blood pressure. On neurological 
examination, the tongue deviation to the left side with left sided 
hemiatrophy and fibrillations was observed, indicating impair-
ment of the left XIIn. e patient told that ten years ago she began 
to feel dyspnea, generalized weakness, palpitations, intermittent 
chest pain. An acute myocardial infarction (MI) occured at 45yrs. 
Cardiac catheterization identified critical RIA stenosis, managed 
by PTCA and stenting. ECCS showed mild atherosclerotic chang-
es, and a carotid paraganglioma with prominent vascularization in 
the left carotid bifurcation was found. MRI confirmed ultrasound 
findings: a carotid paraganglioma in the left up to 5cm, involving 
XIIn, CCA bifurcation, and ICA and additionally the smaller ca-
rotid paraganglioma in the right. After partial resection of the left 
carotid paraganglioma, the pathologic diagnosis of extra-adrenal 
paraganglioma was made. Immunohistochemical staining shows 
strong positivity for synaptophysin, and chromogranin A. Repeat-
ed MRI showed no progression of the tumors. Due to cardiac pain, 
repeated catheterization identified RIA in-stent restenosis, man-
aged by PTCA ir stenting again. e patient is followed by cardi-
ologist, neurologist, repeated ECCS and MRI. It remains unclear 
if the coexisting the paragangliomas and CAD in presented case is 
accidental or not. Conclusions: ECCS is a noninvasive, inexpen-
sive diagnostic tool for initial diagnosis of the carotid paraganglio-
ma. In the presence of tumor in the submandibular area, ECCS is 
recommended to exclude the carotid paraganglioma. e delay of 
the diagnosis may cause nerves and vessels involvement.

Case presentation: A 72-year-old male visited neurology 
clinic due to memory impairment. On imaging and neuropsycho-
logical study, he was diagnosed as mild degenerative dementia. In-
cidentally, bilateral MCA stenosis was detected on MRA, which 
was more severe on right side (right side, severe vs. left side, mild). 
Mean flow velocity (MFV) of MCA was 80 and 30 cm/sec in right 
and left side respectively. Aspirin and statin were prescribed for 
stroke prevention. One month later, suddenly he felt right side 
weakness with slurred speech. DWI revealed acute infarction in 
left parietal cortex. e VMR was measured as percent increase of 
MFV in the MCA after intravenous injection of acetazolamide up 
to 1g according to body weight. VMR was lower in left MCA than 
right one (right 40.5% vs. left 9.7%). Dual antiplatelets and high 
intensity statin were prescribed for secondary prevention.

Conclusions: VMR evaluated by acetazolamide TCD may 
provide additional information to assess the future stroke risk in 
patients with MCA stenosis over stenosis degree.

P25

Internal carotid artery dysgenesia and altered 
vasomotor reactivity as a potential trigger 
of epileptic seizure: functional TCD and EEG 
coregistration
A. Pieroni, F. Puledda, M. Toscano, L. Davì, P. Pulitano, V. Di Piero,  
O. Mecarelli, E. Vicenzini

“Sapienza” University of Rome, Department of Neurology and 
Psychiatry, Rome, Italy

Background: several metabolic disorders, such as hypo/hyper-
glicemia and electrolytes alterations, may be implicated in seizure 
arousal. We present a case of a patient admitted to our emergency de-
partment for the sudden onset of epileptic seizures and in whom in-
ternal carotid dysgenesia with altered hemodynamics were detected. 

Case description: BF, female, 20 yrs old was admitted for five 
consecutive episodes of tonic-clonic seizures, starting with right 
head deviation. Upon admission, she was neurologically asympto-
matic, with EEG showing asymmetry of alpha activity in posterior 
regions, increased in the right side. Cerebral MRI was normal and 
MR Angiography showed right internal carotid artery hypoplasia. 
Carotid Duplex showed the agenesis of the right common carotid 
artery with a hypoplastic internal carotid artery (mean diameter 1.7 
mm) originating directly from the anonymous artery. TCD showed 
minimal asymmetry of MCAs blood flow velocities (r-MFV 51 cm/
sec, l-MFV 60 cm/sec), with asymmetry of resistance indices, lower 
in the right side (r-MCA: RI 0.46 – PI 0.62; l-MCA: RI 0.63 – PI 
1.02) and intracranial compensation to the right hemisphere via an-
terior and right posterior communicating arteries. Functional TCD 
(f-TCD) Cerebral CO2 reactivity, performed with a 5% CO2 mixture 
inhalation and hyperventilation (Et CO2 < 24 mmHg) showed VMR 
asymmetry (65.4% right – 76.9% left) with reduction of the vasodi-
lation capacity on the right side. Quantitative EEG co-registration 
during f-TCD showed an asymmetric response: during CO2 inhala-
tion the alpha peak activity observed in basal condition in the right 
posterior areas disappeared; during hyperventilation, theta and del-
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Methods: A cohort of 160 diabetic patients in Clinical Hospi-
tal Merkur University Clinic Vuk Vrhovac, Zagreb were included 
in this study, from May to October 2012: 77 women/ 83 men, mean 
age 62.3 years with body mass index ( BMI) 29,0. ere were 87, 5 
% type -2 diabetic patients with average duration of the illness 17, 
5 years. 72,5 % diabetic patients used insulin therapy, 89,37 % an-
tihypertensives and statins. Patients underwent detailed medical 
history, laboratory, somatic and neurological status, color– dop-
pler flow imaging (CDFI) of carotid artery and leg arteries, cardio-
logical examination with ECG and heart ultrasound.

Results: Mean HbA1c was 7,2%, cholesterol– 4,85 mmol/L, 
HDL– 1,4 mmol/L, LDL– 2,65 mmol/L triglycerides-1,8 mmol/L. 
Coronary artery disease (CAD) was detected in 41,25% diabet-
ic patients, cerebrovascular disease in 31,25 % diabetic patients. 
Among patients with cerebrovascular disease, 8,125% had stroke 
and 23,12 % had significant stenosis or endarterectomy of carotid 
artery. 24,37 % patients had diabetic nephropathy and 15, 62% pa-
tients had peripheral artery disease ( PAD).

Conclusions: Atherosclerotic complications in diabetic pa-
tients are largely undetected and not treated adequately; they are 
frequently associated with other risk factors and asymptomatic 
organ damage. Appropriate treatment of DM and atherosclerot-
ic complications for this high-risk patients are practical patients 
management.

P29

A double anatomic variation of intracranial 
circulation: Neurosonological diagnosis and 
stroke risk
A. Guzmán Martín, M. L. Fortuna Alcaraz, J. J. Hernández Martínez, 
T. Espinosa Oltra, J. M. Sánchez Villalobos, A. Torres Alcázar,  
C. M. Garnés Sánchez, M. Dudekova, T. Tortosa Sánchez,  
M. López López, J. J. Soria Torrecillas, V. Giménez de Béjar,  
E. Hernández Hortelano, M. D. Ortega Ortega, E. Khan Mesia,  
E. Fages Caravaca, J. A. Pérez Vicente, L. Cabello Rodríguez

Laboratory of Neurosonology, Neurology Department, Hospital 
General Universitario Santa Lucía, Cartagena, Murcia, Spain

To describe a case with the suspicion of an acute ischemic 
stroke in whom a double anatomic variation in the cerebral circu-
lation was detected.

We bring the case of a young patient admitted into our Neurol-
ogy Department suspecting an acute ischemic stroke likely related 
to carotid dissection. An Angio-TC (CTA) showed a probable ver-
tebrobasilar hypoplasia and a fetal variant of the Circle of Willis. 
Our Laboratory of Neurosonology carried out a complete ultra-
sonographic study 24 hours after admission, detecting hypoplasia 
of vertebral arteries (VAs), a blind-ended right V4 artery and a 
fetal origin of both posterior cerebral arteries (PCAs), as well as 
the related hemodynamic changes in the intracranial circulation. 

We do believe that a reliable diagnosis of the anatomic vari-
ations of Supra-aortic arteries and the Circle of Willis could be 
achieved with an ultrasonographic test carried out by experts. Sec-
ondly, we contemplate the possibility, as it has already been de-

P27

Ultrasonographic findings of arteria lusoria
S. Yu, K.-H. Cho

Department of Neurology, Korea University College of Medicine, 
Korea University Hospital, Seoul, Republic of Korea

Background: Changes of waveform and flow direction in the 
vertebral artery indicate subclavian steal phenomenon mostly sug-
gesting the steno-occlusive lesion of the subclavian or brachioce-
phalic artery. However, arteria lusoria could affect hemodynamic 
status of the right vertebral artery due to a long, tortuous retroe-
sophageal course of the right subclavian artery. 

Methods: We reviewed ultrasonographic findings of three is-
chemic stroke patients with arteria lusoria confirmed by MR an-
giography.

Results: ree patients had hypertension and dyslipidemia 
and underwent carotid ultrasound and transcranial Doppler for 
evaluation of intracranial and extracranial arteries. All had no 
clinical symptoms associated with arteria lusoria. MR angiogra-
phy showed no steno-occlusion of the right common carotid ar-
tery or vertebral artery. Ultrasonography in the right vertebral ar-
tery showed systolic notch in one patient and normal waveform 
in the others. Hyperemia test demonstrated antegrade flow but 
reduction of systolic flow velocity in the right vertebral artery of 
all patients. 

Conclusions: Arteria lusoria may be considered as a cause of 
early subclavian steal phenomenon in the right vertebral artery.

P28

The incidence of atherosclerotic complications 
in patients with diabetes mellitus 
V. Dermanovic Dobrota1, I. Prkacin2, S. Dobrota3, P. Hrabac4,  
V. Lukinovic-Skudar5

1 Department of Diabetic Complication, Clinical Hospital Merkur 
University Clinic Vuk Vrhovac,  
2 Department of Internal Medicine, Clinical Hospital Merkur, 
3 Department of Diagnostic and Interventional Radiology, 
University Hospital Center Zagreb 
4 Croatian Institute of Brain Research, School of Medicine, 
University of Zagreb 
5 Department of Physiology, School of Medicine, University of 
Zagreb, Croatia

Background: Diabetes mellitus (DM) has high prevalence 
and ascending trend in the number of patients, especially in 
younger patients. e prevalence of atherosclerotic complications 
in diabetic patients increases with duration of the illness. Patients 
with DM have an elevated risk of cardiovascular morbidity com-
pared to the general population, as a result of increased prevalence 
of traditional and other specific risk factors. e aim of this study 
was to characterize factors associated with the risk for atheroscle-
rotic complications in Croatian diabetic patients.
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tients with autoimmune diseases such as systemic lupus erythe-
matosus (SLE) have an elevated risk of cardiovascular morbidity 
compared to the general population. is risk is result of an in-
creased prevalence of traditional risk factors for CVD and other 
specific factors, like chronic inflammation, immune activation and 
contributing role of therapy. Contributing presence of inflamma-
tion atherosclerosis suggests that systemic inflammation indepen-
dently contributes to the elevated risk for CVD. In order to better 
elucidate risk factors for CVD in SLE patients, we investigated the 
incidence of finding of atherosclerotic plaque of carotid artery, as-
sessed via ultrasound, and incidence of unrecognized chronic kid-
ney disease (CKD) in patients with SLE. 

Methods: In this study, we included outpatients with SLE: 89 
women/ 16 men, mean age 54.8±15.4 years. From January 2012 to 
September 2014, 105 patients with SLE underwent consecutively 
carotid ultrasound examination. A clinical and routine laboratory 
evaluation (glucose, hemoglobin and creatinine concentration) 
was performed. Kidney function was estimated by the calculation 
of glomerular filtration rate (eGFR) by MDRD formula. 

Results: In 36 from 105 (30%) patients with SLE we detected 
incidental nonsignificant atherosclerotic plaque on ultrasound of 
carotid artery. Average cholesterol value was 5,63±1,91 mmol/L; 
LDL 3,42±2,52 mmol/L. e prevalence of de novo CKD in all 105 
patients was 35 % based on eGFR-MDRD (<60 ml/min/1.73m²). 
61% of patients (22 from 36) with nonsignificant atherosclerotic 
plaques on ultrasound of carotid artery have unrecognized CKD. 

Conclusions: Patients with SLE have very often an unrecog-
nized CKD and asymptomatic atherosclerotic plaque in carotid ar-
tery. We need programs for early detection of CVD in these patients 
are required to reduce the complications and economic burden. 

Poster Session II – 1. 
Atherosclerotic plaque II

P32

Study of carotid intima-media thickness in 
Indian coronary and stroke patients:  
Early pointer to atherosclerosis 
G. Vinit

Department of Radio diagnosis, Healingtouch Hospital, Ambala, 
India

Background: In rural India, stroke and coronary artery dis-
ease (CAD) is the most common cause of morbidity and mortality. 
Several studies show that carotid intima-media thickness (CIMT) 
is strongly associated with cardiovascular risk factors. It possibly 
reflects cumulative burden of atherosclerosis of major vessels re-
gardless of underlying risk factors like hypertension and diabetes. 

scribed in scientific literature, that the association of vertebrobasi-
lar hypoplasia and a fetal variant of the Circle of Willis might be 
related to an increased risk of vertebrobasilar ischemia.

e association of vertebrobasilar hypoplasia and a fetal vari-
ant of the Circle of Willis might increase the risk of cerebral is-
chemia, being its diagnosis feasible by an ultrasonographic study 
carried out by experts. 

P30

Non-pulsatile cerebral perfusion in a patient 
with partial recanalization of middle cerebral 
artery occlusion after thrombolysis
E.-G. Kim1, B.-G. Yoo2

1 Department of Neurology, Inje University Paik Hospital 
2 Gaspel Hospital, Kosin Medical College, Busan, South Korea

Background: Low pulsatile or non-pulsatile cerebral per-
fusion was noted in patients with aortic arch dissection, acute 
proximal internal carotid or common carotid artery occlusion 
and means impending large cerebral infarction. A 45-year-old 
man had a sudden aphasia and left hemispheric symptoms with 
NIHSS of 16 on arrival. Complete occlusion of left middle artery 
with leptomeningeal collateral circulation from left anterior and 
posterior cerebral artery was observed on TFCA. After chemical 
and mechanical thrombolysis, occlusion of left MCA was partially 
recanalized. TCD showed a non-pulsatile waveform in left middle 
cerebral artery. In this case, non-pulsatile cerebral perfusion re-
sults from MCA lesion,which is more distal rather than proximal 
occlusion of carotid artery.

Conclusion: is report noticed that non-pulsatile cerebral 
perfusion dose not always point proximal source of arterial flow 
obstruction.

P31

Cardiovascular risk in patients with systemic 
lupus erythematosus
V. Dermanovic Dobrota1, I. Prkacin2, S. Dobrota3, P. Hrabac4,  
V. Lukinovic-Skudar5

1 Department of Diabetic Complication, Clinical Hospital Merkur 
University Clinic Vuk Vrhovac  
2 Department of Internal Medicine, Clinical Hospital Merkur,  
3 Department of Diagnostic and Interventional Radiology, 
University Hospital Center Zagreb 
4 Croatian Institute of Brain Research, School of Medicine, 
University of Zagreb 
5 Department of Physiology, School of Medicine, University of 
Zagreb, Zagreb, Croatia

Background: Cardiovascular diseases (CVD) are the leading 
cause of death in all countries worldwide. e role of traditional 
risk factors in the development of CVD has been well studied. Pa-
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of the ischemic stroke to be higher, but it was not statistically sig-
nificant. ere was a correlation between carotid artery QIMT 
on the side of the stroke and functional status of the patients as-
sessed by SSU on the day of admission to the hospital (p<0,05; r = 
– 0,202). ere was no correlation between the selected biochemi-
cal atherosclerosis risk factors and α and ß stiffness, PWV, QIMT. 

Conclusion: Worse functional status on the day of admission 
to the hospital in acute stroke patients correlates with thicker com-
mon carotid artery IM complex on the side of the brain ischemic 
changes. 

P34

Intima-media thickness of carotid arteries 
significance in subclinical atherosclerosis 
assesment
T. Lepic1, G. Ristic2, D. Veljancic1, M. Lepic3, R. Raicevic1

1 Department of Neurology, Military Medical Academy Belgrade, 
Serbia 
2 Department of Rheumatology and Clinical Immunology, 
Military Medical Academy Belgrade, Serbia  
3 Department of Neurosurgery, Military Medical Academy 
Belgrade, Serbia

Background: Study intention was to determine factors asso-
ciated with increased intima-media thickness (IMT) and potential 
cardiovascular risk of rheumatoid arthritis (RA) patients. Carotid 
IMT of the carotid arteries is a marker of subclinical atherosclerosis.

Methods: e insonation was performed in 42 non-diabetic, 
normotensive, female RA patients and 32 matched healthy con-
trols (age 45.3±10.0 vs. 45.2±9.8 years) at common carotid artery 
to determine the IMT. Mean and maximal IMT were calculated 
from 3 measurements at each site. Clinical work-up included labo-
ratory analyses, determination of the disease activity and evalua-
tion of treatment. vWF activity was used as rheumathoid arthritis 
confirmation.

Results: RA patients had increased IMT (mm) in comparison 
with controls (IMTmax: 0.764±0.148 vs. 0.703±0.100, IMTmean: 
0.671±0.119 vs. 0.621±0.085. Parameters associated with IMT in 
RA patients were: age, body-mass index, smoking, rheumatoid 
factor concentration, eritrocyte sedimentation rate, and duration 
of methotrexate+chloroquine therapy (inverse correlation). Multi-
variate regression analysis revealed that RA is an independent risk 
factor for increased IMT. vWF activity was significantly higher in 
participants with subclinical as well as in participants with ath-
erosclerotic plaquesthan in those without. Factors correlating with 
IMT in the controls were: age, BMI, total cholesterol, LDL-choles-
terol, total/HDL cholesterol, triglycerides and glycaemia.

Conclusions: Despite a favourable risk profile, our female RA 
patients had significantly enlarged carotid IMT than controls. RA 
itself was an independent risk factor for increased IMT. Impact of 
chronic inflammation on atherosclerosis was confirmed by negative 
correlation of IMT and duration of anti-inflammatory treatment.

Acceptability of Doppler as non-invasive tool for measuring in-
tima by Indian population made it valuable tool.

Methods: Case–control cross-sectional study that explored 
the use of CIMT as a marker for atherosclerosis. 150 individuals 
coming from the rural population were enrolled into three equal 
groups for the purpose of CIMT assessment. Group 1 (controls) 
-individuals with no symptoms of stroke or CAD, Group 2 – pa-
tients with established stroke and in Group 3 – patients of CAD. In 
the current study, the baseline characteristics of the study groups 
are same including age groups, male/female ratio; to avoid con-
founding. Multivariate logistic regression analysis was performed 
with use of version 16-SPSS software. 

Results: Average CIMT in Controls was -1.0 mm, stroke 
group – 1.3 mm and CAD group -1.3 mm. CIMT is marker of 
atherosclerosis as its value is raised in stroke and CAD groups 
compared to age and gender matched controls. And raised values 
of CIMT are statistically associated with Stroke and CAD. Most 
important determinants for CIMT in our study are age, hyperten-
sion, DM, dyslipidemia, smoking and, family history. 

Conclusion: CIMT is simple monitoring tool for progression 
and regression of the atherosclerosis process burden. Large-scale 
studies with randomization are required to establish cut-off value, 
above which primary prevention of atherosclerosis can be started.
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Common carotid artery stiffness and intima-
media thickness in acute ischemic stroke patients
M. Leńska-Mieciek1, U. Fiszer1, G. Korczak-Kowalska2,  
T. Szatanowski1

1 Department of Neurology, Centre of Postgraduate Medical 
Education, Warsaw, Poland 
2 Department of Immunology, Faculty of Biology, University of 
Warsaw, Poland

The aim of the study is to find the correlation between the 
atherosclerosis risk factors, functional status of the patients and 
the carotid artery stiffness / intima-media thickness in the group 
of the acute ischemic stroke patients.

Methods: Eighty and one patients were examined: 71 with 
acute ischemic hemispheric stroke and 10 matching on age with-
out such a diagnosis. Carotid artery ultrasound procedure was 
done using MYLAB 70 platform. e common carotid artery stiff-
ness was assessed using Automatic Quality Arterial Stiffness (QAS) 
calculation. e α and ß stiffness, pulse wave velocity ( PWV) and 
intima-media thickness (QIMT) were calculated. e functional 
status of the patients was assessed using the SSU on the day of ad-
mission, on the day 7th and on the last day of the hospitalization. 
e biochemical atherosclerosis risk factors included blood level 
of the cholesterol and its lipoprotein fractions, C-reactive protein, 
homocysteine and pentosidine were examined. Statistical analysis 
was conducted using the Kendall tau-b and t-Student tests.

Results: ere was a tendency for the mean values of α (7,89 
vs 7,87) and ß stiffness (16,01 vs 15,96), PWV (9, 57 vs 9, 55 ms-1) 
and QIMT (808,37 vs 796,22 μm) of the carotid artery on the side 
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pathologic shunting. e last may disguise the true state of CA. e 
influence of both factors on CA could be hardly diagnosed on pre-
operative stage. It has recently been established the potentiality of 
precerebral arteries Duplex scanning for evaluation of shunt flow 
index (SFI). SFI dynamics after AVM exclusion from circulation 
may allow to estimate the true state of CA in perinidal area.

Purpose: To assess dynamics of SFI and CA in patients with 
AVM in perioperative period.

Methods: 14 patients with AVM were studied before and after 
embolization with Hystoacryl or Onyx. According to Spetzler & 
Martin classification 1 case corresponded to II grade, 9 – to III and 
4 – to IV. Blood flow velocity (BFV) in basal cerebral arteries was 
monitored with Multi Dop X (DWL, Germany), blood pressure 
(BP) – noninvasively with CNAP (Austria). CA was evaluated with 
cuff test (autoregulation index – ARI) and cross-spectral analy-
sis of spontaneous oscillations of BP and BFV within the range of 
Mayer’s waves (phase shift – PS). Blood flow index in precerebral 
arteries was defined with Vivid E (GE, USA).

Results:  Preoperative values of ARI and PS on affected side 
in all patients were 1.0 ± 1.0 and 0.3 ± 0.1 rad, respectively, SFI – 
618 ± 276 ml/min. Postoperative values of ARI and PS on affected 
side were 1.9 ± 2.2 and 0.5 ± 0.4 rad, respectively, SFI – 370 ± 376 ml/
min. Such variation of indices was associated with their different dy-
namics after surgery. In 12 cases of partial embolization with no or 
insignificant positive dynamics of CA SFI remained unchanged or 
decreased by 35 – 60%. As concerns the cases of total embolization, 
in one patient with full postoperative CA restoration SFI was practi-
cally absent, in the second patient having insignificant postoperative 
CA changes SFI decreased by only 10%.

Conclusion: ere was no direct relationship between the SFI 
and rate of CA in the region of AVM. Quantitative CA assessment 
in perinidal zone may be important for the management of surgi-
cal treatment of AVM and prognostication of postoperative neu-
rologic complications.
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Cerebral autoregulation in operated patients 
with stenosis of the carotid arteries
V. B. Semenyutin1, A. A. Nikiforova1, G. K. Panuntsev1, V. A. Aliev1,  
A. Patzak2, G. A. Asaturyan1

, V. B. Iblyaminov1, I. P. Dudanov3,  
K. V. Laptev3

1 Russian Polenov Neurosurgical Institute, St.Petersburg, Russian 
Federation 
2 Johannes-Mueller Institute of Physiology University Hospital 
Charité, Humboldt-University of Berlin, Germany 
3 Municipal Mariinsky Hospital, St.Petersburg, Russian Federation

Background: It was shown the informative value of preopera-
tive assessment of cerebral autoregulation (CA) to define effective-
ness of surgical treatment of patients with carotid artery stenosis. 
But at the same time perioperative dynamics of CA is not investi-
gated properly.

Purpose: To assess CA dynamics in patients with carotid ar-
teries stenosis in perioperative period.
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Arterial stiffness indices in aggressive 
periodontitis patients
I. Puhar1, A. Lovrenčić-Huzjan2, D. Šodec-Šimičević2, M. Strineka3,  
D. Plančak1

1 School of Dental Medicine, Department of Periodontology, 
Zagreb, Croatia 
2 University Hospital Center “Sisters of Mercy”, Department of 
Neurology, Zagreb, Croatia 
3 Clinical Hospital „Dubrava“, Clinical Department of Diagnostic 
and Interventional Radiology, Zagreb, Croatia

Background: e exposure to inflammatory periodontal dis-
ease represents a risk factor for the development of atherosclerosis. 
e aim of this research was to assess the relationship between ca-
rotid elastic properties and periodontal condition in patients with 
aggressive periodontitis. 

Methods: e study was conducted on 30 subjects with un-
treated aggressive periodontitis (test group, 13 men and 17 wom-
en, mean age 34.7±6.3 years) and 34 periodontal healthy volun-
teers (control group, 15 men and 19 women, mean age 27.7±5.7 
years). Periodontal parameters were assessed in terms of clini-
cal attachment level using a periodontal probe. Arterial stiffness 
measurements on common carotid artery (CCA) were performed 
using Aloka ProSound ALPHA 10 with 13 MHz linear probe.

Results: In comparison with the control group, test group showed 
statistically significant difference (p<0.05) in the mean beta stiffness 
(9.4 vs. 6.7), compliance (0.85 vs. 0.99), and pulse wave velocity (6.6 
vs. 5.4) when measured on right CCA only. Test group also showed 
statistically significant difference (p<0.05) in the mean beta stiffness 
(8.3 vs. 6.5), elastic modulus (98.5 vs. 83.0), compliance (0.87 vs. 
0.99), and pulse wave velocity (6.2 vs. 5.4) when measurements were 
observed for both CCA. No statistically significant differences were 
found among groups regarding intima media thickness (p>0.05).

Conclusion: e present results demonstrate that aggressive 
periodontitis may affect carotid artery hemodynamics, despite 
normal intima media thickness values. Assessment of atheroscle-
rosis by arterial stiffness measurements represents a valuable diag-
nostic tool that might reveal a potential role of periodontitis in the 
earliest stages of atherosclerosis.
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Сerebral autoregulation and shunt flow index in 
the region of arteriovenous malformation
V. B. Semenyutin1, G. K. Panuntsev1, V. A. Aliev1, A. Patzak2

1 Russian Polenov Neurosurgical Institute, Northwestern Federal 
Medical Rsearch Center, St.Petersburg, Russian Federation 
2 Johannes-Mueller Institute of Physiology University Hospital 
Charité, Humboldt-University of Berlin, Germany

Background: A decrease of cerebral autoregulation (CA) rate 
in the region of arteriovenous malformation (AVM) may be caused 
either by the long-term steal of brain in perinidal cerebral area or 

prijelom.indd   37 29.4.2015.   8:53:31



38 Cerebrovasc Dis 2015;39(suppl 1):1-52 20th Meeting of the European Society of  
Neurosonology and Cerebral Hemodynamics

p=0.019) and resistance index (RI) also tend to be higher in L 
group (0.62±0.07 vs 0.57±0.07, p=0.051).

Conclusion: Intracranial vessel resistance is high in small ves-
sel disease patients with large lesion.
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Prognostic significance of monocyte 
chemotactic protein -1 in patients with carotid 
restenosis
I. Strenja Linic1, M. Kovacevic2, S. Kovacic3, I. Sosa4, Z. Trobonjaca5,  
S. Dvornik6

1 Clinical Hospital Rijeka, Croatia, Cerebrovascular Clinic, 
Department of Neurology 
2 Clinical Hospital Centre Rijeka, Croatia, Thoracovascular Surgery 
Clinic, Department of Surgery 
3 Clinical Hospital Centre Rijeka, Croatia, Department of 
Radiology 
4 Rijeka University Medical Faculty, Croatia, Department of 
Forensic Medicine and Criminalistics 
5 Rijeka University Medical School, Croatia, Department of 
Physiology and Immunology  
6 Clinical Hospital Centre Rijeka, Croatia, Clinical Department of 
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Background: Early screening of patients with carotid artery 
stenosis as well as postoperative ultrasound follow up of thromb-
endarterectomy (CEA) treatment is a key procedure for prevention 
of stroke. Our intention was to determine the prognostic value of 
MCP-1 in system circulation with the purpose of early screening 
and discovery of patients with a high risk of carotid restenosis.   
Methods: We included 75 patients with carotid artery stenosis. Af-
ter CEA we scheduled an ultrasonographic follow up according to a 
7, 30 and 90 day after CEA algorithm. MCP-1 serum levels have been 
determined using ELISA method and a procedure where we imple-
mented follow up according to a 0, 2 and 90 day after CEA algorithm. 
Results: A statistically significant difference between stenosis and 
restenosis groups has been determined. e groups were divided into 
subgroups according to MCP-1 plasma levels found on day 0 (before 
CEA) χ²=4,66; p=0,031 and on day 90 after CEA χ²=4,66; p=0,031.  
Conclusion: With these results we verified a key hypothesis of 
this study in confirming a prognostic value of determining serum 
MCP-1 levels combined with Doppler ultrasonographic follow up 
in patients prior and after CEA. Now we can recognize patients 
with potential for carotid restenosis and implement intensive ul-
trasound follow up both before and after CEA.

Methods: 21 patients (17 men and 4 women) with atheroscle-
rotic stenosis lesions of carotid arteries in age from 48 to 78 years 
were studied. In 16 patients revealed critical stenosis, severe – in 5. 
Stenting of carotid arteries performed in 5 patients, carotid endar-
terectomy – in 16. Postoperative complications were not observed. 
CA was evaluated with cross-spectral analysis of spontaneous oscil-
lations of systemic blood pressure (CNAP, Austria) and blood flow 
velocity in middle cerebral arteries (Multi Dop X, DWL, Germany) 
within the range of Mayer’s waves (evaluation of phase shift – PS).

Results: CA impairment was verified in 10 patients (8 – as-
ymptomatic, 2 – symptomatic). On the ipsilateral side PS be-
fore surgery was 0.3  ±  0.2  rad, BFV  –  77  ±  20  cm/s and BP – 
94 ± 16 mmHg. Carotid endarterectomy and stenting resulted in 
a significant improvement of CA after surgery. On the side of the 
pathology PS after surgery was 0.9 ± 0.6 rad (p<0.01). Significant 
changes of the BFV and BP weren’t noted. ere was no CA im-
pairment in 11 cases (6 – asymptomatic type). e mean values 
of PS on the ipsilateral side was 1.2 ± 0.4 rad, BFV – 58 ± 9 cm/s 
and BP – 96 ± 13 mmHg. Surgery (stenting or endarterectomy) in 
cases without preoperative CA impairment didn›t led to reliable 
changes of PS, BFV and BP in postoperative period.

Conclusion: us, the absence of significant preoperative CA 
impairment in patients with asymptomatic carotid artery stenosis 
is not a contraindication for surgery. An absence of reliable dynam-
ics of CA indices in patients with asymptomatic stenosis requires 
further investigation.
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The relationship between small vessel disease 
and intracranial vessel resistance
Y. Terasawa, T. Komatsu, K. Sakuta, M. Hideki, Y. Kono, Y. Iguchi

Department of Neurology, Jikei university school of medicine, Japan

Background: Neurological deterioration associated with the 
enlargement of the lesion is often seen in the small vessel disease 
(SVD) patients. Some risk factors have been reported to be related 
with the neurological deterioration or lesion enlargement, how-
ever, there is no widely-accepted factor.

Purpose: e aim of this study is to clarify the relationship 
between the lesion size of SVD and the factors including the tran-
scranial Doppler.

Method: is study is retrospective study. We divided the su-
pratentorial SVD patients into two group; large (L) group is the pa-
tients with the large lesion defined as larger lesion more than 1.5cm 
or 3 slices on MRI, small (S) group is the patients with smaller lesion 
than that and we compared the factors between two groups.

Results: Sixty-eight patients (mean age 68 years old, male44) 
were included. Seventeen (25%) patients were in L group, 51 (75%) 
were in S group. Neurological deterioration was seen in 41% in L 
group and 8% in S group (p=0.004). ere is no deference in base-
line characteristics including general atheroscrerotic marker (CA-
VI; 9.77 vs 9.85, p=0.192, max IMT 0.91 vs 0.98, p=0.45). Regard-
ing the factors of transcranial Doppler, pulsatility index (PI) was 
higher in L group than that in S group (1.03±0.22 vs 0.86±0.18, 
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tion of arteries, which produce recurrent thunderclap headache, 
seizure, and ischemic stroke. Isometheptene, singly or combined 
with other drugs, is a common headache medication available 
by prescription or over the counter. We report a case of RCVS 
and cerebral infarction associated with Midrin (combination of 
sometheptene mucate, dichloralphenazone and acetaminophen) 
in a patient with rheumatoid arthritis. 

Case Report: A 33-year-old woman presented with abrupt 
onset of left hemiplegia. Ten days ago, she complained of a sud-
den-onset, severe, recurrent, throbbing headache accompanied 
by nausea. e headache lasted several hours without aura, pho-
tophobia or phonophobia. She took propranolol 20 mg/day and 
ibuprofen 400 mg/day. She took Midrin 2 capsules daily for 2 days. 
A day before admission, she developed sudden onset of left hemi-
plegia. She had past medical history of rheumatoid arthritis for 8 
years, and was taking immunosuppressive agent, steroid and an-
algesics. Neurological examination revealed left hemiplegia. Ex-
tensive laboratory tests with ESR and hs-CRP were normal. Serum 
rheumatoid factor was 107 IU/ml(normal, <12.5 IU/ml). Brain 
diffusion-weighted MRI showed acute multiple infarcts involving 
the bilateral frontal and right basal ganglia, especially in water-
shed zone. A transfemoral cerebral angiography revealed diffuse 
multifocal segmental vasoconstriction in the intracranial vessels. 
She was treated with calcium channel blocker, anti-platelet agent 
and steroid orally. Left hemiplegia was gradually improved. ree 
months later, MR angiography was entirely normal. 

Conclusions: We suggest that RCVS may be triggered by 
Midrine. As vasoactive drugs such as Midrin could trigger vasos-
pasm in some patients, it should be used with caution. RCVS is a 
neurological emergency that is being diagnosed with increasing 
frequency and should be considered in the setting of certain medi-
cation usage.
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An unusual case of migraine with aura in a 
middle-aged woman
C. Kremer

Skåne University Hospital, Department of Neurology, Malmö, Sweden

A 59 year old woman with a history of migraine and visual au-
ra since childhood presented with balance problems, transient left 
hemiparesis and left sided hemianopia. Her migraine attacks had 
changed character and were increasing the last six months and she 
had fluctuating visual symptoms. A head Ct scan was unremarkable, 
Ct-angiography showed a stenosis/constriction oft he right poste-
rior cerebral artery (PCA). In the TCCS examination a decreased 
peak systolic velocity (PSV) oft the right PCA as isolated finding 
was found. A migraine attack with aura and a local vasoconstric-
tion of the PCA was suspected. In the following days she developed 
hypoesthesia of her left face. A MRI brain showed infarcts in the ter-
ritory of the right PCA and a watershed infarction of the left MCA 
and ACA, while MR– angiography confirmed the isolated constric-
tion of the right PCA. In the following months the patient deteri-
orated with a picture of multiple infarcts in in the bilateral MCA, 
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General Universitario Santa Lucía, Cartagena, Murcia, Spain

Background: To present a series of cases in which an internal 
carotid occlusion was detected in the CT-Angiography (CTA) while 
the Duplex-ultrasonography demonstrated a near-total occlusion.

Methods: Nine cases of patients hospitalized in the Neurology 
Department with the suspicion of an acute ischemic stroke are depict-
ed. At the Emergency Department a CTA was performed, describing 
an internal carotid occlusion. 24 hours after admission, Duplex-ultra-
sonography carried out by our Laboratory of Neurosonology showed 
findings compatible with near-total occlusion, though. 

e management of near-total internal carotid occlusion is 
highly controversial. As a matter of fact, carotid endarterectomy 
or angioplasty and stenting are being performed in nowadaysclini-
cal practice when experienced professional are available.

Hence, as a consequence of the reliable ultrasonographic diag-
nose of a near-total carotid occlusion, these patients were indeed 
able to get through surgical intervention. 

Results: We do believe that sufficient evidence may exist to af-
firm that the ultrasonographic study carried out by experts in the 
acute phase of an ischemic stroke might lead the CTA as the gold 
standard technique in the differential diagnosis among a total and 
a near-total internal carotid occlusion, with its consequences in 
the therapeutic procedure to follow. 

Conclusions: e ultrasonographic study carried out by ex-
perts in the acute phase of ischemic stroke might lead the Angio-
CT to diagnose pre-occlusive internal carotid stenosis.

Poster Session II – 2. 
Case reports and pitfalls II
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Reversible cerebral vasoconstriction syndrome 
and cerebral infarction associated with midrin 
in a patient with rheumatoid arthritis
H.-Y. Chae, J.-H. Lee, M.-K. Kim, B.-G. Yoo

Department of Neurology, Kosin University College of Medicine, 
Busan, Korea

Background: Reversible cerebral vasoconstriction syndrome 
(RCVS) is characterized by segmental, multifocal vasoconstric-
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significant and diffuse increase of flow velocity values. Transcranial 
ultrasound, brain MRI and MRA, ultrasound of the renal artery as 
well as of the upper and lower extremitties showed no patholoci-
gal findings. Immunological screening was normal. We started the 
treatment with corticosteroids. Since then, the patient had regular 
clinical and ultrasound evaluations and she is asymptomatic. 

Conclusion: Takayasu’s arteritis is an idiopathic and chronic 
inflammatory disease of the large arteries occuring in the young 
and resulting in occlusive or ectatic changes mainly in the aorta 
and its immediate branches. Early diagnosis allows application of 
therapies that may be of key importance in controlling the pro-
gression of the disease. Ultrasound has allowed in this case a com-
plete and accurate diagnosis, has guided therapy and monitored 
the response to treatment.
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Correspondence: Klaudia Duka Glavor, MD, Department of 
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Objective: We present a 76 year-old patient who was admit-
ted to our emergency unit with headache and inability to walk. Fif-
teen days ago he had elevated temperature with nausea, vomiting 
and diarrhea. Gait disturbances started three days after. History 
revealed chronic gastric problems, operation of the right inguinal 
hernia. He was not taking any medical therapy. 

Methods: Neurological examination showed astasia, abasia, 
left-sided dysmetria, motor reflexes enhanced to the right. He was 
afebrile, cardio-pulmonic sufficient. We performed LAB analysis, 
multi-slice computed tomography (MSCT), MSCT cerebral angi-
ography , magnetic resonance (MR) and MR angiography (MRA), 
digital supstraction angiography (DSA)

Results: Laboratory report slightly elevated leukocytosis, 
glucose and creatine kinase. Standard coagulation was normal. 
e first multi-slice computed tomography (MSCT) of the brain 
showed a atypical cerebellar hematoma of the vermis and left cer-
ebellar hemisphere with perifocal edema and a slight dislocation 
of the fourth ventricle to the right. MSCT with contrast media 
showed engorgements of the infratentorial veins and veins of the 
left cerebral hemisphere and a small pathological opacification of 
the left transversal sinus. MRA and DSA revealed a tentorial dural 
arteriovenous fistula (TDAVF) Borden classification type 3. 

Conclusion: Dural arteriovenous fistulas (DAVFs) are fistulas 
connecting the branches of dural arteries to veins or venous sinus. 

PCA, PICA, some lesions showed regression while others appeared 
at the same time as MR Angio displayed the isolated pathology oft 
the right PCA and and no other vascular pathology. A lumbar punc-
ture was unremarkable. No antibodies associated with vasculitis 
were found. No source of embolization could be detected (findings 
including ultrasound oft he heart were negative). Coagulation status 
showed no pathology. After three weeks the patient was diagnosed 
with disseminated ventricular cancer and an associated vasculitis 
was suspected. She was treated with cortisone and chemotherapy. 
A TCCS examination after two months was unchanged showing a 
decreased PSV of the right PCA and no other pathology. e patient 
died in the picture of a multi-infarct syndrome. An autopsy was de-
clined by the relatives. We present this case as a pitfall because of its 
short history and dramatic course.
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Neck pain as a first sign of Takayasu’s arteritis
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3 Department of Infectious Diseases, General Hospital Zadar, Zadar, 
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4 Department of Nephrology, General Hospital Zadar, Zadar, Croatia 
5 Department of Radiology, General Hospital Zadar, Zadar, Croatia 
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Background: We present a 21-year-old woman with a con-
tinuous pain in her right anterior part of the neck for the last three 
months. She was referred in 2009 to our Neurology Department. 
Four years earlier, she had her first symptoms of intermittent neck 
pain in the same region, followed by fatigue and weakness. At that 
time she had been examined by a cardiologist (TTE: mild mitral 
valve insufficiency) and endocrinologist (ultrasound evaluation of 
the thyroid gland and laboratory examinations: all normal). 

Methods: Neurological examination was normal. A bruit was 
audible on auscultation over both carotids and a significant dif-
ference (> 15mmHg) in systolic blood pressure between arms was 
found. We performed a complete extracranial and intracranial 
ultrasound evaluation (US) followed by multislice computed to-
mography angiography of the cervical vessels (MSCTA), magnetic 
resonance angiography (MRA), digital supstraction angiography 
(DSA). Duplex US of the renal artery,the upper and lower extrem-
itties and laboratory evaluation.

Results: Cervical vessel ultrasound evaluation revealed a char-
acteristic, homogeneous, midechoic, circumferential thickening of 
the wall of the common carotid arteries, with a significant increase 
of blood flow velocity values. Carotid wall dynamics was also al-
tered as we found a “macaroni” sign. Her left vertebral artery dis-
closed and inverted flow, while her right vertebral artery showed a 
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A rare consequence of whiplash injury
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Objective: We present a case report of a 44 year-old woman 
who was admitted to our surgical emergency unit two day after a car 
accident. She complained of pain in the neck, left shoulder, numb-
ness and hypoesthesia in the left thumb and forefinger. Recent his-
tory revealed no specific disease, in childhood she had meningitis.

Methods: Neurological and somatic exam was normal. We 
performed LAB analysis, a complete extracranial and intracra-
nial ultrasound evaluation, multi-slice computed tomography 
(MSCT), MSCT angiography of the cervical vessels and magnetic 
resonance of the cervical spine (MR).

Results: Laboratory report was normal. MSCT of the brain was 
normal. e MSCT and the following MRI of the cervical spine re-
vealed a fracture of the left processus articularis of the 6 th cervical ver-
tebrae. Complete extracranial and intracranial ultrasound evaluation 
showed absent flow of the left vertebral artery. We preformed MSCT 
and MRI angiography of the vertebral arteries which showed absence 
of contrast filling from the C 2 distal – V2/V3 section of the left ver-
tebral artery showing a thrombosis due to a posttraumatic dissection. 

Conclusion: Posttraumatic vertebral arterial dissections are 
usually asymptomatic. In most cases with unilateral vertebral ar-
tery dissection and thrombosis recovery is complete. But trauma 
of the cervical spine ends can lead to lethal out come in cases of 
bilateral occlusion and stroke of the brain stem. Complete extrac-
ranial and intracranial ultrasound evaluation can accurately diag-
nose, grade, and folow the progress of the disease.
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To fly or not to fly … anymore?
S. Skara1, K. Duka Glavor1, N. Narancic Knez1, A. Mrdjen1, S. Kalanj1, 
M. Komso1 , A. Tolic1, D. Mislov1, D. Dubroja2, M. Harapin2, I.Pavic2

1 Department of Neurology, General Hospital Zadar, Zadar, Croatia 
2 Department of Radiology, General Hospital Zadar, Zadar, Croatia

Objective: We present a case of a 28 year-old military male 
pilot who was admitted to our emergency unit with an increas-
ing neck pain for the last seven days. He had nausea, the night 
before he vomited. He took some analgesics, but without recovery. 
His medical history revealed an episode of a headache three years 
ago. He was checked by a neurologist. All examinations were unre-
markable. He was not taking any other medical therapy.

Methods: Neurological examination showed just mild neck 
stiffness. He was afebrile, cardio-pulmonic sufficient. We performed 
LAB analysis, cranial multi-slice computed tomography (MSCT), 
and pancerebral MSCT venography. 

e incidence is approximately 10-15% of all intracranial vascular 
abnormalities. TDAVFs are rare. ey can cause mild neurologic 
symptoms or severe hemorrhage. Early diagnosis and definitive 
treatment of the type of TDAF is of key importance since endo-
vascular or microsurgical treatment is the only effective long-term 
treatment and emergent decompression may be life-saving.
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Bilateral internal carotid artery occlusion –  
first presenting symptoms of cerebral ischemia: 
Case report
S. Kalanj1, K. Duka Glavor1, A. Mrdjen A1, M. Komso 1,  
N. Narancic Knez 1 

1 Department of Neurology, General Hospital Zadar, Zadar, Croatia 
Correspondence: Sanja Kalanj, MD, Department of Neurology – 
General Hospital Zadar, Croatia

Objective: We present a 72 year-old patient who was admit-
ted to our emergency unit. He was afebrile, somnolent with left-
sided hemiplegia and respiratory insufficiency. e first suspected 
clinical picture was of vertebrobasilar stroke. In the morning he 
lost consciousness and fell on the bathroom floor. He was shaking 
and convulsing. During the transport to the hospital he was som-
nolent with look gazed to the right. History revealed hypertension 
and depression. 

Methods: We performed LAB analysis, an complete extracra-
nial and intracranial ultrasound evaluation, multi-slice computed 
tomography (MSCT), MSCT angiography of the cervical vessels 
and cerebral angiography

Results: Laboratory report verified leukocytosis, raised levels of: 
glucose, urea, creatinine, creatine kinase, C-reactive protein, fibrin-
ogen, cholesterol, and abnormal urine report. e first multi-slice 
computed tomography (MSCT) of the brain showed initial ischemic 
lesion of the right middle cerebral artery (ACM) – section M1 and 
MSCT carotid angiography showed absence of contrast filling in C1 
regions of both ACI. e cerebral angiography showed extremely low 
arterial contrast filling – showing retrograde flow. e ultrasound 
(US) confirmed the finding of bilateral occlusions of both ICA/C1re-
gions – secondary to atherosclerotic echogenic plaques. Both exter-
nal ICE showed increase in flow (above 120cm/s). e transcranial 
doppler insonation of the cerebral circulation assessed decreased av-
erage flow in both posterior cerebral arteries (PCA) – more in the 
left PCA. e patient’s condition rapidly deteriorated, and the lethal 
outcome occurred during the sixth day of hospitalization.

Conclusion: e annual incidence of internal carotid artery 
occlusion (ICA) in the general population is 6/100,000. In a sin-
gle study of 2288 patients with transient ischemic attack or stroke 
showed that only 0.4% had bilateral ICA occlusion. e most com-
mon symptoms which present acute bilateral occlusion ICA are: 
coma, tetraplegia and signs of decerebration. is life-threatening 
cerebrovascular syndrome could initially be misdiagnosed with 
brain stem stroke or metabolic encephalopathy. erefore it is im-
portant to perform US assessment, neuroradiological and labora-
tory evaluation promptly.
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angiography, DSA ant MR angiography of carotid arteries and we 
found dissection of right carotid artery. 

After that we started to give oral anticoagulant to the patients 
and consulted vasular surgeon. 

Together we start to monitor out patient and made few control 
MSCT angiographies till the result of complete recanalisation. 
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Dissection of ascending aorta: A case report
M. Komso , E. Karuc, N. Narancic Knez, A. Mrdjen 

General Hospital Zadar, Department of Neurology, Department of 
Anesthesiology, Reanimatology and Intesive care, Zadar, Croatia

Dissection of aorta is layering of aortic wall that can happen 
in any part of aorta – root, ascending aorta, arc, thoracic and ab-
dominal part of aorta. In that case, the false lumen is appeared 
between intima and media and it can spread proximal and distal 
and suppress the real lumen. 

After that, the symptoms of loss circulation are appeared in 
any segment of blood supply. Also it is possible to rupture and it 
is fatal. 

We classify aortic dissection in few ways: according Stanford: 
type A ( ascending aorta)   and type B ( descending aorta) ; ac-
cording De Bakey: type I ( ascending and descending aorta), II  ( 
ascending aorta) and III ( descending aorta). 

Also we can differentiate acute and chronic aortic dissection.  
Acute aortic dissection appears in 15 days after the initial event 
and requires urgently surgical treatment because of threatening 
rupture. 

Chronic aortic dissection lasts longer then 15 days after initial 
event with pain in chest, back, abdomen and requires monitoring of 
patient. Symptoms of aortic dissection are: intensive chest pain be-
tween scapulas, pain in abdomen, weakness, nausea, excessive sweat-
ing, difficulties with swallowing  and breathing. Also, disturbance of 
consciousness and other neurological symptoms can appear. 

In physical status, loss of pulse on peripheral arteries and dis-
tinction of blood pressure more then 20 mm Hg on extremities 
and sometimes, precordial murmor are dominated. 

Diagnostic procedures are CT angiography ( for definitive 
confirmation), chest X– ray ( wide shadow of mediastinum), ECG, 
TTE and TEE. 

In type A of dissection the best way of treatment is surgical 
treatment and implantation of tubus graft with or without replace-
ment of aortic valvula. 

In type B of dissection we use medical drugs as beta block-
ers and vasodilatators to secure regulation of blood pressure.  
Despite all medical measures the mortality in type A dissection is 
30%, in type B 10 % and in ruptured aorta is 80%. 

In our case we shall present a 30– years old female patient who 
had dissection of ascending aorta and died at the end in ICU of 
our hospital. We’ ll present her symptoms and diagnostic proce-
dures and tretment. 

Results: Laboratory report at admittance showed mild elevat-
ed d – dimers. e initial cranial MSCT and the MSCT venogra-
phy revealed a central filling defect and lack of flow in the right 
transverse and sigmoid sinus caused by venous sinus thrombosis. 
Search for precipitating factors disclosed: decreased results of Fac-
tor V Leiden, tests on thrombophilia showed mutation on gene 
for PAI (genotype 4G/G5) and mutation of gene for ACE (inser-
tion genotype II). Patient was managed medically with anticoagu-
lation, anti-edema, and anti-epileptics and supportive treatment. 
Patient was released home with anticoagulant therapy (Warfarin) 
and without neurological deficits. 

Conclusion: Cerebral venous thrombosis (CVT) is a rare type 
of stroke (0.3-5%) affecting young patients. e onset of CVT 
shows a variety of neurological symptoms. Mortality rate is about 
8% and morbidity rate about 12,6%.ere are several risk factors 
which include female gender, oral contraceptive use, pregnancy 
and puerperium period, thrombophilia, infectious disease and 
cancer. It has been shown that male gender, later onset of CVT, 
deep cerebral vein thrombosis, coma, mental status disorder show 
worse long term outcome. 

Our case report confirms the need of routine blood work tests and 
screening for prothrombotic conditions, especially thrombophilia. 

P48

Carotid dissection and stroke-case report
 N. Narancic Knez, M. Komso, A. Mrdjen

General Hospital Zadar, Dapertment of neurology, Zadar, Croatia

Dissections of craniocervical (carotid and vertebral) arteries 
are sudden lesions of the arterial wall. A rare cause of stroke in the 
general population (0, 4% -2, 5%), but more often in young age 
(5% -20%), and in women. In most cases, the cause and pathogen-
esis of dissection are unknown, but are generally divided into two 
groups: trauma (injuries after head and neck resulting in lesions 
of the arteries) and spontaneous. According to the localization we 
can divide it on: the intracranial and extracranial. 

e different diseasese with artera wall affections are predis-
posed to dissection like fibromuscular dysplasia, cystic medial ne-
crosis, Marfan syndrome. People with decreased level of alpha 1 
antitrypsin also have tendency for dissection. 

Insignificant trauma (cough, strongly vomiting, sneezing, 
strenuous exercise, movement of the head and neck, chiropractic 
procedures, inconvenient sleeping position) can result with spon-
taneous dissection of arteries. In up to one third of patients, dis-
sections can be extremely multiple, At the same time more than a 
single blood vessels can be affected. About 20% of dissections are 
asymptomatic.

In our case we shall present a 63 year old male patient with 
hypertension and neck back pains in his history of diseases, who 
was admitted in our Department because of left central faciopare-
sis and discreete paresis of left arm. We found ischaemic stroke in 
right frontotemporal area on MSCT of brain. After that on CDFI 
of carotid arteries we couldn’t found (show) the right carotid ar-
tery, so we needed to make other diagnostic procedures like MSCT 
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follows: markedly-thickened intima and destroyed internal elastic 
lamina, infiltration of histiocyte including giant cell to the media. 
e diagnosis was made as temporal arteritis. e subjective symp-
toms and inflammation findings of blood sampling were improved 
one month after steroid administration. e halo sign was disap-
peared. e PSV increased to 97cm/sec, EDV declined to12.1 and 
PI increased to 2.24. is results of ultrasound examination was 
discussed as follows. e vascular strcture of the STA was partially 
broken from inflammation. is phenomenon led to decrease of 
vascular redistance, and it was observed as decrease of the value 
of PI. Since inflammation was improved after medical treatment, 
repair mechanism of the vascular structure occured. en vascular 
resistance (i.e. the value of PI) returned to the normal level. Con-
clusions: Change of pulsatility indices of a superficial temporal ar-
tery after treatment of temporal arteritis was thought as a reflection 
of repair mechanism of the vascular structure.

Poster Session II – 3. 
Vasomotor reactivity and functional 
TCD
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Is vasomotor reactivity impaired in idiopathic 
Parkinson’s disease?
M. F. Hanby, R. Panerai, T. Robinson and V. Haunton

Department of Cardiovascular Sciences, University Hospitals of 
Leicester, Leicester, United Kingdom

Background: e diameter of a cerebral blood vessel is reg-
ulated by a combination of myogenic, metabolic and neurogenic 
influences. e ability of a blood vessel to change diameter in re-
sponse to a change in [CO2] is often referred to as vasomotor re-
activity (VMR). 

e autonomic neurogenic influences originate from both no-
radrenergic neurons and dopaminergic neurons. In addition to its 
local effects, a change in [CO2] affects activation of the autonomic 
nervous system.

Idiopathic Parkinson’s disease (IPD) is a neurodegenerative 
disease affecting noradrenergic, serotonergic and dopaminergic 
neurons. e current study investigates whether VMR is impaired 
in patients with IPD in comparison to healthy controls (HC).

Methods: Transcranial Doppler was used to measure cer-
ebral blood flow velocity (CBFV) in the middle cerebral artery in 
forty patients with IPD and fifty HC. End-tidal CO2; heart rate 
and arterial blood pressure were continuously monitored. Subjects 
breathed room air for 60 seconds, hyperventilated for 90 seconds 
and returned to breathing room air for a further 120 seconds. 
VMR (∆CBFV/∆ETCO2) was calculated under normocapnic and 
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Difficult differential diagnosis of intracranial 
occlusive disease: Clinical case
D. Jatužis, J. Valaikiene, L. Beliak

Vilnius University Hospital Santariskiu Clinics, Department of 
Neurology, Vilinus, Lithuania

We present a clinical case of young women with TCD/TCCS 
findings of intracranial high-velocity flow signals compatible with 
intracranial severe stenotic disease. She presented on 2011 with 
sudden left hemiparesis and hemihypoesthesia, intention tremor 
and ataxia of left extremities which resolved spontaneously. Mul-
tiple TIA-like episodes of stereotypic neurological deficit recurred 
several times a day, with duration up to 1 hour, during the first 
week. TCD findings included high velocities and marked turbu-
lence in right MCA, compatible with severe M1 stenosis, as well 
as microembolic signals 1-2 per minute. Cranial MRI showed 
acute cortical ischemic abnormalities in right F-P region. 4 years 
of follow up showed gradual progression of high-graded MCA M1 
stenosis to complete occlusion. Patient did not have vascular risk 
factors, and only few transient episodes of left arm numbness re-
curred in 2012. Major efforts have been made to determine the 
etiopathogenesis of intracranial occlusive disease, including re-
peated TCD with HITS monitoring (no more HITS were detected 
in 2012-2014), TCCS, CTA, DSA, MRI, cardiac echo, blood tests 
for hypercoagulation conditions. Differential diagnosis included 
fibromuscular dysplasia, intracranial vasculitis, dissection, moya-
moya syndrome. 
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Change of pulsatility indices of a superficial 
temporal artery after treatment of temporal 
arteritis
T. Saguchi, S. Kakizaki, A. Hosono, Y. Tabei, S. Adachi, S. Ichi, I. Suzuki

Japanese Red Cross Medical Center, Department of 
Neurosurgery, Tokyo, Japan

A 85-year-old man who was considered as temporal arteritis. 
Before starting medical treatment (systemic steroid administration) 
biopsy of the superficial temporal artery (STA) was requested from 
the department of internal medicine to the department of neuro-
surgery. e bilateral STA were swollen. e patient complained 
bilateral temporal pain and compressive pain of the STA was al-
so observed. Ultrasound examination of the STA was performed. 
e halo sign was observed. e peak systolic velosity (PSV) was 
56.9cm/sec, the endodiastric velosity (EDV) was 19.1cm/sec, pul-
satility index (PI) was 1.15. Since pain was slightly strong at the left 
side, biopsy was performed at the left side. Ultrasound examination 
was performed at the right side after biopsy. Under local anesthe-
sia the left temporal skin was incised and the main trunk, frontal 
branch and parietal branch the left STA was exenterated. e left 
STA was swollen macroscopically. Histological findings were as 
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Association between carotid stenosis and 
cerebral vasomotor reactivity measured by 
breath holding index
M. Mijajlovic, M. Stojanovic, T. Pekmezovic, N. Sternic

Neurology Clinic of the Clinical Center of Serbia and School of 
Medicine University of Belgrade, Belgrade, Serbia

Background/aims: Many extrinsic and intrinsic factors in-
fluence cerebral vasomotor reactivity (VMR), which is a reliable 
marker of cerebral small vessels functional status, including mor-
phological and functional parameters of large and small brain 
blood vessels. 

e aim of our study was to investigate correlation between 
VMR, and morphological and hemodynamic parameters of ca-
rotid arteries.

Methods: In retrospective cross sectional study we included 
285 patients. Cerebral VMR was evaluated measuring breath hold-
ing test (BHI), while morphological and hemodynamic parame-
ters of carotid arteries were measured using ultrasonic methods 
(intima-media thickness-IMK, peak systolic velocity-PSV, end 
diastolic velocity-EDV). We also noted middle cerebral artery 
(MCA) hemodinamic parameters: mean flow velocity (MFV) and 
pulsatility index (PI). From medical records we collected infor-
mation about age, gender, and vascular risk factors: hypertension, 
diabetes mellitus, atrial fibrillation, cardiomiopathy, dyslipidemia 
and smoking.

Results: Patients mean age was 54,62 (125 males, 160 females). 
We found correlation between BHI and some vascular risk factors: 
age (r=-0,242, p<0,01), dyslipidemia (p<0,05)  and hypertension 
(p<0,05). We also found negative correlation between BHI and 
presence of carotid plaques, and BHI and IMK (r=-0,203, p<0,01). 
Positive correlation between BHI left ACM and EDV left ACI 
(r=0,121, p<0,05) was registered. We also found negative correla-
tion between BHI and PI ACM on both sides (r=-0,268, p<0,01).

Conclusions: Our investigation shows correlation between 
cerebral VMR, and morphological as well as hemodynamic pa-
rameters in carotid arteries. Our results also show higher influence 
of morphological then hemodynamic parameters on VMR.

hypocapnic conditions. e effects of dopaminergic medication 
were also assessed.

Results: Baseline CBFV in patients with IPD did not differ to 
HC either ON (45.4 (10.1) cm/s vs. 49.8 (12.7) cm/s, p = 0.200) 
or OFF (48.8 (12.3) cm/s vs. 49.8 (12.7) cm/s, p = 0.702) medi-
cation. Dopaminergic status did not affect baseline CBFV (45.4 
(10.1) cm/s vs. 48.8 (12.3) cm/s, p = 0.391). VMR in patients with 
IPD did not significantly differ to HC either ON (1.17 (1.11) cm/
mmHg.s vs. 1.50 (0.78) cm/mmHg.s, p = 0.12) or OFF (1.35 (1.21) 
cm/mmHg.s vs. 1.50 (0.78) cm/mmHg.s, p = 0.52) medication. 
Again dopaminergic status was not found to have a significant ef-
fect on VMR (1.17 (1.11) vs. 1.35 (1.21), p = 0.48).

Conclusions: Neither baseline CBFV or VMR was found to 
significantly differ in patients with IPD in comparison to HC. Do-
paminergic status did not affect either measure.
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Cigarette smoking, and cerebral 
microangiopathy in type 1 diabetes
G. Kozera1; J. Neubauer-Geryk2; S. Szczyrba1; J. Wojczal3;  
U. Schminke4; W. M. Nyka1; L. Bieniaszewski2

1 Department of Neurology, Medical University of Gdańsk, Poland 
2 Department of Clinical Physiology, Medical University of Gdańsk, 
Poland 
3 Department of Neurology, Medical University in Lublin, Poland 
4 Department of Neurology, Ernst Moritz Arndt University, 
Greifswald, Germany

Introduction: Cigarette smoking may increase risk for the 
development of microvascular complications of type 1 diabetes 
(DM1). Cerebral microangiopathy in DM1 is reflected by decrease 
of vasomotor reactivity reserve (VMRr) or increase of pulsatility in-
dex (PI). However, cigarette smokers are routinely excluded from 
studies on VMRr or PI in DM1. erefore, we aimed to assess the 
impact of cigarette smoking on VMRr and PI in these patients.

Methods: VMRr and PI of the middle cerebral artery were 
measured with transcranial Doppler in 79 patients with DM1 (me-
dian age 33.0 years, range 20–51, 44% males). e relationships 
between the presence of cigarette smoking (n=20, mean pack-
years 9.4 + 6.1) and VMRr, PI, concomitant risk factors, medica-
tions and the presence of systemic microvascular complications 
were analysed.

Results: Smokers and non-smokers did not differ in terms of 
their clinical characteristics, with the exception of higher circadian 
insulin demand in smokers (60+12.9 vs. 49.2+14.2 units; p=0.004). 
A correlation between pack-years and PI (r=0.6, p=0.004), but not 
VMRr, was found in smokers. However, no significant differences 
between smokers and non-smokers were found regarding either 
VMRr (mean 85.9+ 20% vs. 84.1+20.1%; p=0.74) or PI (median 
0.85, range 0.61-1.09 vs. 0.88, range 0.48-1.52; p=0.2).

Conclusions: e association between pack-years and PI may 
indicate the negative impact of intensive cigarette smoking on the 
cerebral microvasculature in DM1. However, we did not prove a 
significant impact of smoking on VMRr in DM1 patients.
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pose of this study is to compare diagnostic accuracy of RLS by 
PSUP with those of transesophageal echocardiography (TEE) as a 
gold standard and transcranial color flow imaging (TC-CFI).

Methods: Subjects were patients with ischemic stroke and tran-
sient ischemic attack who underwent TEE and TC-CFI. PSUP was 
a 2.0-MHz center frequency and had an equal property with TCD 
transducer. e shape was thin, soft, and square modified for ad-
equate attachment to the neck. At first, we performed TEE and TC-
CFI by standard protocol for detecting RLS. We monitored unilat-
eral middle cerebral artery and/or intracranial vertebral artery by 
TC-CFI. e procedure was performed with and without Valsalva 
maneuver. en, monitoring using PSUP was performed at unilat-
eral common carotid artery (CCA) using similar preparation and 
procedure to TEE and TC-CFI. RLS by PSUP was diagnosed as hav-
ing 1and more MES in CCA. After compared RLS detectable rate 
among TEE, TC-CFI and PSUP, accuracy parameters for RLS detec-
tion of PSUP and TC-CFI against TEE were calculated.

Results: Forty-five patients were included in this study. RLS 
was 19 (42%) on TEE (large PFO; 6, small PFO; 11), and 12 (27%) 
on PSUP, 18 (40%) on TC-CFI, respectively. As a reference of TEE 
findings, diagnostic power of PSUP was 58% of sensitivity, 96% 
of specificity, and 80% of accuracy. ose of TC-CFI were 58% of 
sensitivity, 73% of specificity, and 67% of accuracy.

Conclusion: Although detectable rate of RLS by PSUP was a 
little lower than TEE, PSUP may be useful for patients with insuf-
ficient temporal bone window.

P57

Treatment decision of unruptured intracranial 
aneurysms: Can it be based on phases score?
F. Perren, R. Gondar, J. Cuony, K. Schaller, P. Bijlenga

HUG, University Hospital of Geneva, Neurology, Neurovascular 
and Neurosonology Unit, Geneva, Switzerland

Background: e natural history of unruptured incidentally 
discovered intracranial aneurysms (UIA) remains unpredictable. 
erefore, when asymptomatic, the management remains subject 
of controversy. e PHASES score1 was recently proposed for pre-
diction of 5-year risk of rupture of UIA.

Methods: e aim of this study is to validate the PHASES score 
using our prospective and consecutive dataset (2006-2014). We 
compared scores calculated from the untreated follow-up cohort 
of UIA (UIAFU) between cases with stable lesions and those with 
aneurysm growth or rupture but also with those UIA initially treat-
ed (UIAIT). Secondly, scores calculated for UIA and patients diag-
nosed with Sub-Arachnoid Haemorrhage (SAH) were compared. 

Results: Two hundred ninety one patients were followed up 
with a mean follow-up time of 3.2 years and 1177.6 aneurysm 
years. Twenty-nine cases were observed with growth of aneurysms 
and two ruptures. PHASES score of patients with observed aneu-
rysm growth or rupture showed a trend towards higher values 
(mean 3,9±2,7 SD) than in patients with unruptured stable lesions 
(mean 3,0±2,3 SD). Comparing 269 SAH patients and 291 cases of 
UIAIT with the follow-up cohort (UIAFU), we observed that SAH 

Poster Session II – 4. 
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Ultrasound fusion imaging and monitoring of 
intracranial lesions
S. Juren Measki1, L. Unusic1, B. Malojcic2

1 Department of Neurology, University Hospital Centre Zagreb; 2 
School of Medicine, University of Zagreb

Background: e fusion of different imaging modalities can 
be used to better understand relations between static and dynamic 
compartments or to improve visualization of otherwise obscured 
structures. Virtual Navigator (VN) by Esaote is one of the fusion 
imaging systems that provides real time fusion of transcranial 
color coded sonography (TCCS) and MRI or CT images within 
the ultrasound system. Other authors already presented the ben-
efits of VN in the assessment of brain parenchyma of the patients 
with degenerative diseases, edema and intracerebral hemorrhage 
and in the analysis of cerebral arteries and veins. 

Patients and Methods: We present here how VN system 
might be used in brain tumors and intracranial aneurysms. In the 
first fusion we wanted to analyze the blood flow within a giant 
aneurysm of the right MCA and how this aneurysm influences 
the flow distally from its neck. In the second fusion we assumed 
that the astrocytoma of the right temporal lobe will be visible by 
transcranial B mode ultrasound and that the estimate of its size by 
MRI will match the one of transcranial ultrasound.

Results: Fusion imaging of the giant aneurysm revealed that 
the whole lumen of the aneurysm is patent and that the aneurysm 
does not influence the distal blood flow. In the second fusion the 
circumference of the brain tumor and surrounding edema in T2 
MRI images matched the one measured by transcranial B mode 
ultrasound (4,2 cm).

Conclusion: Fusion imaging, if confirmed in larger number 
of patients, might have its role in planning of endovascular proce-
dures and follow up of patients with brain tumors and aneurysms.

P56

Diagnostic power of a novel probe attached to 
the cervix for the detection of right-to-left shunt
H. Mitsumura, A. Arai, T. Komatsu, K. Sakuta, Y. Terasawa, J. Kubota, 
M. Hashimoto, Y. Iguchi

Department of Neurology, The Jikei University School of 
Medicine, Tokyo, Japan

Background: We developed the novel probe (paste-able soft 
ultrasound probe; PSUP) attached to the cervix for the detection 
of RLS, because insufficient temporal bone window interrupts the 
precise examination for detecting right-to-left shunt (RLS). Pur-
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Carotid plaque lipid content on MRI  
is associated with plaque instability
K. Skagen1, K. Evensen1, H. Scott2, K. Krohg-Sørensen3,  
S. A. Vatnehol4, P. K. Hol5, M. Skjelland1, D. Russell1 
1 Dept. of Neurology, Oslo University Hospital and Institute of 
Clinical Medicine, University of Oslo, Norway 
2 Dept. of Pathology, Oslo University Hospital and Institute of 
Clinical Medicine, University of Oslo, Norway 
3 Dept. of Thoracic Surgery, Oslo University Hospital and Institute 
of Clinical Medicine, University of Oslo, Norway 
4 The Intervention Centre, Oslo University Hospital, Norway 
5 The Intervention Centre, Oslo University Hospital and Institute 
of Clinical Medicine, University of Oslo, Norway

Background and Aim: e composition of a carotid plaque is 
thought to be important for plaque vulnerability and stroke risk. e 
main aim of this study was to assess the level of agreement between 
semi-automated MRI assessments of plaque components with his-
tological assessments of plaques removed at endarterectomy. 

Methods: irty-four consecutive patients with ³70 % carotid 
stenosis scheduled for carotid endarterectomy underwent a clini-
cal neurological examination, Colour Duplex ultrasound, 3T MRI 
with an 8 channel carotid coil and blood tests. All examinations 
were performed less than 24 hours prior to surgery and plaques 
were assessed histologically following endarterectomy. Plaques 
were defined as symptomatic when associated with ipsilateral cer-
ebral ischemic symptoms within 30 days prior to inclusion. e 
level of agreement between the size of the lipid-rich necrotic core 
(LRNC) and calcification on MRI to the histological estimation of 
the same tissue components, plaque echolucency and symptoms 
were assessed.

Results: e size of the LRNC on MRI was significantly cor-
related to the percentage amount of lipid per plaque on histologi-
cal assessment (p=0.010), and to echogenicity on ultrasound with 
echolucent plaques having larger LRNC compared to echogenic 
plaques (p=0.001).

Conclusion: In this study we found that the percentage LRNC 
per plaque on MRI was significantly correlated to the percent-
age LRNC per plaque on histological assessment, and to plaque 
echogenicity on ultrasound with echolucent plaques having larger 
LRNC compared to echogenic plaques. 

and UIAIT patients had significantly higher PHASES scores than 
UIAFU patients (SAH: mean 5,6±2,9 SD; UIAIT: mean 5,4±3,14 
SD; UIAFU: mean 3,0±2,4 SD). 

Conclusions: ere’s a clear progression of the PHASES score 
in our prospective cohort from UIAFU to SAH aneurysms with a 
treatment threshold above 3 that should be used with caution. It 
does not apply to patients with a familial history, polycystic kid-
ney disease or symptomatic aneurysms and does not take smok-
ing, among other important risk factors, into account. 
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Non-invasive assessment of cerebral 
autoregulation in real-time mode
V. B. Semenyutin1, V. A. Aliev1, A. A. Ivankov, A. Patzak2,  
G. K. Panuntsev1, B. B. Govorov1, A. A. Nikiforova1

1 Russian Polenov Neurosurgical Institute, Northwestern Federal 
Medical Research Center, St.Petersburg, Russian Federation 
2 Johannes-Mueller Institute of Physiology University Hospital 
Charité, Humboldt-University of Berlin, Germany

Background: It has been already revealed the prognostic value 
of phase shift between blood flow velocity (BFV) in basal cerebral 
arteries and systemic blood pressure (BP) using an off-line trans-
fer function analysis for the assessment of cerebral autoregulation 
(CA). e same role of linear estimation of stochastic relationship 
between BP and BFV within the range of M-waves (0.08 – 0.12 Hz) 
in real-time mode is not studied to the present time.

Purpose: to assess CA by spectral analysis methods using the 
linear estimation of stochastic relationship between BP and BFV in 
real-time mode.

Methods: 10 healthy volunteers (aged 23 to 30 years) were 
studied. BFV in middle cerebral arteries with MultiDop X DWL 
(Germany) and BP with CNAP (Austria) were monitored during 
30 min. e examination was performed in spontaneous respira-
tion, compulsory breathing (6 times per minute) and breath hold-
ing. Client-server software has been developed for investigation 
of non-stationary quasiperiodic stochastic processes within the 
range of M-waves in real-time mode.

Results: BFV in spontaneous respiration was 77 ± 14 cm/s on 
the right, 76 ± 9 cm/s on the left. BP was – 77 ± 5 mm Hg. Compul-
sory breathing led to significant (p<0.05) decrease of BFV (61 ± 13 
cm/s on the right, 60 ± 11 cm/s on the left). During breath holding 
the significant (p<0.05) increase of BFV (87 ± 12 cm/s on the right, 
89 ± 11 cm/s on the left) was observed. Index of linear estimation 
of stochastic relationship between BP and BFV within the range of 
M-waves in spontaneous respiration varied from 0 up to 0.8 on both 
sides. It reliably (p<0.05) decreased up to -0.3 – 0.2 during compul-
sory breathing and increased during breath holding up to 0.7 – 0.9.

Conclusion: Linear estimation of stochastic relationship be-
tween BP and BFV within the range of M-waves in real-time mode 
can be used for non-invasive CA assessment. e reason of great 
variations of index seen in spontaneous respiration may be due to 
non-stationary nature of studied slow processes and requires fur-
ther investigation.
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TCCS: high prevalence of intracranial stenosis in 
patients with severe coronary artery disease
J. Valaikiene1, L. Ryliskyte2, A. Valaika3, J. Dementaviciene4,  
R. Puronaite5, A. Vaitkevicius1, I. Butkuviene2, J. Badariene2,  
G. Kalinauskas3

¹ Vilnius University, Faculty of Medicine, Clinic of Neurology and 
Neurosurgery, Vilnius University Hospital Santariskiu klinikos, 
Centre of Neurology, Lithuania 
2 Vilnius University, Faculty of Medicine, Clinic of Cardiac and 
Vascular diseases, Vilnius University Hospital Santariskiu klinikos, 
Centre of Cardiology and Angiology, Lithuania 
3 Vilnius University, Faculty of Medicine, Clinic of Cardiac and 
Vascular diseases, Vilnius University Hospital Santariskiu klinikos, 
Heart Surgery Centre, Lithuania 
4 Vilnius University, Faculty of Medicine, Department of 
Radiology, Nuclear Medicine and Medical Physics, Vilnius 
University Hospital Santariskiu klinikos, Radiology and Nuclear 
Medicine Centre, Lithuania  
5 Vilnius University Hospital Santariskiu klinikos, Department of 
Information Systems, Centre of Informatics and Development, 
Lithuania

Objectives:  According the population-based Rotterdam 
study data, intracranial carotid artery calcification detected by 
computed tomography contributed to 75% of all strokes. e pur-
pose of our prospective study was to estimate  the prevalence of 
intracranial stenosis by non-invasive transcranial color-coded du-
plex sonography (TCCS) in neurologically asymptomatic patients 
with severe coronary artery disease (CAD).

Methods: We included prospectively 391 patients with three 
vessels and / or left stem CAD. All the patients were examined by 
extracranial color-coded duplex sonography (ECCS) and TCCS. 
Magnetic resonance imaging and angiography was performed for 
selected number of patients scheduled to CABG.

Results: From 391 pts (age 67±9, 39-88; 27% female), 237 pts 
(61%) were diagnosed with three vessels disease, 154 pts (39%) with 
left stem disease with/without three vessels damage (115 and 39).  
TCCS revealed at least one intracranial stenosis in  62% echo 
positive pts (218/352).  e distribution of intracranial stenosis: 
124 (59%),  in three vessel CAD, 17 (52%) in left stem, and 77 (71%) 
in three vessel and left stem CAD pts group (p=0,04).   ECCS re-
vealed >50% ICA stenoses in 16,6% pts (65/391).   In the case of 
significant   extracranial ICA  stenosis,  intracranial stenoses were 
detected in 79 %   (49/62),   and in   low grade extracranial ICA 
stenoses, intracranial stenoses were detected in 58%   (169/290), 
p=0,002.

Conclusions: According to our data, the patients with three 
vessels and left stem CAD have the  highest  risk to have an silent 
intracranial stenosis. TCCS is a feasible method for evaluation of 
intracranial atherosclerosis in severe CAD patients to gain the use-
ful information about cerebrovascular disease as a risk factor for 
stroke.

P60

Flow velocity dependent blood viscosity 
of carotid arteries in patients with lacunar 
infarction
S. H. Lee1, M. S. Park2, S.-K. Jeong3

1 Department of Nuclear Equipment and Machinery Research, 
Korea Institute of Machinery and Materials, Daejeon, Republic of 
Korea 
2 Department of Neurology, Chonnam National University 
Hospital, Gwangju, Republic of Korea 
3 Department of Neurology & Research Institute of Clinical 
Medicine, Chonbuk National University Medical School and 
Hospital, Jeonju, Jeonbuk, Republic of Korea

Background: Lacunar infarction can be closely related with 
decreased blood flow velocity and wall shear stress in the carotid 
arteries. Wall shear stress is the term multiplying shear rate and 
blood viscosity (BV), and shear rate specific BV could be used to 
represent the dynamic viscous nature of blood inside the artery. 
Until now, no previous study have examined whether the shear 
rate specific BV in the carotid artery could be associated with la-
cunar infarction. 

Methods: Time-Of-Flight magnetic resonance angiography 
were conducted in carotid artery of 37 patients (14 controls and 11 
lacunar infarction patients), and the source axial images were used 
to build up 3-dimensional arterial mesh. Wall shear stress was cal-
culated with computational fluid dynamics, and BV was measured 
with an automated scanning capillary viscometer. Peak-systolic 
(PS) and end-diastolic (ED) blood flow velocities were measured 
in the carotid artery with duplex ultrasonographic examination 
and used for an inlet/outlet conditioning. Finally wall shear stress 
and shear rate specific BV along carotid artery were obtained as 
the final outcomes.

Results: PS and ED velocities were significantly lower in the 
patients with lacunar infarction than controls, but no significant 
difference was observed for the ratio of splitting conditions. PS 
and ED wall shear stresses in CCA were significantly lower in the 
patients with lacunar infarction (mean±SD, 35.5 ± 17.5 dyne/cm2 
for PS) than the controls (66.8 ± 43.7 dyne/cm2, p=0.004). Na-
ive BV values including yield stress and the Casson constant were 
not significantly different between the two groups. However, shear 
rate specific BV values were significantly higher in the patient 
group (4.3±1.0 centiPoise for PS) than those controls (3.8±0.7 cP, 
p=0.039).

Conclusion: In addition to the significant difference of wall 
shear stress, shear rate specific BV values in the carotid artery 
were significantly higher in the patients with lacunar infarction 
than controls. It suggested that the risks of thrombotic evolution 
in carotid artery could be higher in the patients with the ischemic 
stroke.
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taneous visualisation of exactly matched MR images, derived from 
pre-registered datasets. We report UFI application in a series of 
patients with muscle diseases, scheduled for biopsy.

Methods: Patients were recruited from our hospital if routine 
pre-biopsy MR-imaging (spin echo T1-, T2, STIR) was available. 
UFI was performed as an additional image sequence during pre-
biopsy ultrasound using an Esaote Mylab Twice system (Italy, Pad-
ua) equipped with the “Virtual Navigator” software.

Results: UFI was performed in 57 patients. (muscle of the: up-
per leg 37, lower leg 14, hip 2, upper arm 4, lower arm 1). MRI-de-
fined muscle segments of interest could be identified in all patients 
with the need of minor matching corrections during the insonation 
process. Ultrasound-MR comparison of affected muscles were not 
always congruent. E.g. in regions with MR-suspected edema, US 
demonstrated tissue hyperechogenicity, suggestive of fibrosis.

Conclusions: UFI is a promising technique, which should be 
further evaluated concerning its applicability and reliability in the 
diagnostic of muscle diseases. Comparison of MRI and US might 
help to further differentiate muscle tissue alterations. However, this 
hypothesis has yet to be confirmed e.g. by histological evaluations.
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Duplex ultrasound analysis of pupils and the 
pupillary reflex 
S. J. Schreiber, J. Hoffmann, F. Connolly 

Charité Universitätsmedizin Berlin, Department of Neurology, 
Berlin, Germany

Background: Analysis of pupillary diameter and pupillary re-
flex is a standard diagnostic procedure of every clinical neurologi-
cal examination. However, its documentation is commonly per-
formed only in a semi-quantitative way while standard assessment 
procedures suitable for comparative or follow-up measurements 
are missing. We report a simple duplex ultrasound approach for 
pupillary reflex assessment in a series of healthy subjects.

Methods: Subjects were recruited from patients visiting the vas-
cular ultrasound laboratory if the neurological examination had re-
vealed normal findings. Duplex ultrasound was performed with stand-
ard dimmed light conditions of the ultrasound lab in a supine position 
with the eyes closed using an Esaote Mylab 25 system equipped with a 
linear 11-18MHz probe, adjusted for near field eye examination. Each 
pupil was visualized with the probe positioned flatly on the lower eye-
lid utilizing the physiological Bell-phenomenon. 

Results: 20 patients (10 males, 10 females) were studied with 
the pupillary diameter at rest and during ipsilateral torch-light stim-
ulation. All eyes could successfully be insonated. Mean pupillary di-
ameter at rest and under light stimulus was 4,4±0,9 and 2,5±0,5 mm 
for the right and 4,3±0,9 and 2,5±0,6 mm for the left eye. e time 
delay from stimulus to maximal constriction, assessable in 50% of 
patients was 1,3±0,3 and 1,3±0,4 seconds, respectively. 

Conclusions: Duplex ultrasound is a suitable tool for objec-
tive assessment and documentation of pupillary function. Based 
on normal values, the method may be applied to pathological con-
ditions of patients e.g. with pupillary function disturbances.
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Right to left shunt in cryptogenic stroke:  
TCD vs. TEE
M. S. Park, J.-M. Kim, D.-E. Kim, B. C. Kim

Department of Neurology, Chonnam National Unversity 
Hospital, South Korea

Background: Identification of Right to left shunt (RLS), es-
pecially patent foramen ovale (PFO), is essential for secondary 
preventionin patients with cryptogenic stroke. Transesophageal 
echocardiography (TEE) has been known to be the gold standard 
method in detecting of PFO but Transcranial Doppler (TCD) is 
recently spotlighted to a safe, easy to perform and non-invasive 
method. We tried to standardize TEE and TCD technique as a 
screening method for PFO and compare the results of TEE with 
modified Spencer TCD grading system.

Methods: 220 patients who had been hospitalized in Chon-
nam National University Hospital from January, 2008 to Decem-
ber, 2011 for ischemic stroke/TIA with undetermined etiology 
(UD) or a suspicion of cardiogenic etiology were enrolled. e 
TCD procedure followed as standardized protocol of TCD agreed 
on in the consensus conference on Venice.TEE procedure was 
similar to TCD using microbubble test during Valsalva maneuver. 
Comparative analysis was performed between positive result and 
negative result groups of TCD & TEE.

Results: e mean age was 61.3 (SD 13.1) years and 139 pa-
tients (63.2%) were males. In the group of patients with TCD and 
TEE, we observed that the detection of RLS was higher with TCD 
than with TEE (86.8 % vs. 80.9 %).TCD and TEE for diagnosis of 
PFO had a 16.4% and 10.9% false negative value each other. Com-
pared with TEE, Modified Spencer RLS grade ≥ 4 on TCD can 
predict the presence of PFO on TEE.

Conclusion: TCD and TEE is a complementary inspection tool 
rather than competitive tool for diagnosis of RLS.Furthermore, if 
more than modified Spencer grade IV bubble is detected on TCD, 
intracardiac PFO was confirmed without invasive technique of TEE.

P63

Ultrasound-MRI fusion imaging in muscle 
disease 
K. Irlbacher1, F. Connolly1, W. Stenzel2, K. Hahn1, S. J. Schreiber1

1 Charité Universitätsmedizin Berlin, Dept. of Neurology, Berlin/
Germany, 
2 Charité Universitätsmedizin Berlin, Dept. of Neuropathology, 
Berlin/Germany

Background: MRI and ultrasound are helpful tools in the 
diagnostic workup of muscle diseases. MRI is the best technique 
to identify muscle involvement patterns to find the optimal loca-
tion of a muscle biopsy. However, MRI can not be taken into the 
operating room. US-MRI-fusion imaging (UFI) is a new bedside 
technique permitting a combination of live ultrasound with simul-
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Elevated free fatty acid is associated with 
ischemic stroke with atrial fibrillation 
B.-G. Yoo1, M.-K. Kim1, S. M. Sung2, E. G. Kim3

1 Department of Neurology, Kosin University College of 
Medicine, Busan, Korea 
2 Department of Neurology, Pusan National University, School of 
Medicine, Busan, Korea 
3 Department of Neurology, Inje University College of Medicine, 
Busan, Korea

Background: Free fatty acid (FFA) is associated with cardio-
vascular diseases, insulin resistance, atherosclerosis, myocardial 
dysfunction and cardiac arrhythmia. Few studies related to car-
dioembolic stroke and serum FFA level have been reported. We 
investigated whether the serum FFA level can be used as a biologi-
cal marker to differentiate stroke with atrial fibrillation (AF) from 
stroke without AF. 

Methods: We retrospectively included acute ischemic stroke 
patients who admitted in single university hospital between 
March 2011 and June 2014. Total 214 consecutive patients (mean 
age, 66.8±12.3 years; 39.7% women) were enrolled. Patients were 
divided into two groups: stroke with AF and stroke without AF. 
irty five patients (16.4%) had stroke with AF. 

Results: e mean serum FFA level of stroke with AF group 
was significantly higher (1.82-fold) than that of the stroke without 
AF group (1379.7±717.5 uEq/L and 757.8±520.5 uEq/L, respec-
tively, p<0.0001). Multivariate logistic regression analysis demon-
strated that age (OR, 1.062 for every 1 year; 95% CI, 1.006-1.121, 
p<0.05), NIHSS score at admission (OR, 1.090; 95% CI, 1.002-
1.185, p<0.05), serum FFA level (OR, 1.002 for every 1.0 uEq/L; 
95% CI, 1.001-1.002, p<0.001) and involvement of insular cortex 
(OR, 5.036; 95% CI, 1.801-14.086, p<0.005) were independently 
associated with stroke with AF group. e optimal cut-off value of 
serum FFA level for distinguish stroke with AF from stroke with-
out AF was 881.5 uEq/L (sensitivity 0.74, specificity 0.74, AUC 
0.76). 

Conclusions: Our study shows that FFA level is independent 
predictor for AF in patients with acute ischemic stroke. FFA level 
may provide a biological marker to differentiate stroke with AF 
from stroke without AF. 
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Brain sonography features in X-linked dystonia-
parkinsonism
U. Walter1, A. Rocco1,2, C. Klein3, R. Rosales4,5, C. Go4,5, D. Dressler6*,  
L. V. Lee4*
1 Department of Neurology, University of Rostock, Rostock, Germany 
2 Neurology Section, Department of System Medicine, University of 
Rome “Tor Vergata”, Italy 
3 Institute of Neurogenetics, University of Lübeck, Lübeck, Germany 
4 XDP Study Group, Philippine Children’s Medical Center, Quezon 
City, Philippines 
5 Faculty of Neurology and Psychiatry, University of Santo Tomas, 
Manila, Philippines 
6 Movement Disorders Section, Department of Neurology, Hannover 
Medical School, Hannover, Germany 
*contributed equally

Background: X-linked recessive dystonia-parkinsonism 
(XDP, Lubag, DYT3) is a rare movement disorder that is highly 
prevalent in the Philippines. XDP has been associated with differ-
ent genetic mutations on the X chromosome not yet unequivocally 
determined1 and with morphological and functional evidence of 
an involvement of the dopaminergic nigrostriatal pathway2. Our 
purpose was to evaluate the correlation between transcranial brain 
sonography (TCS) findings and the genetic and clinical state in 
XDP patients, relatives and controls.

Methods: Filipino participants underwent TCS using a porta-
ble device (MyLab 25Gold; Esaote, Genova, Italy) with a 2.5-MHz 
phased-array transducer. Echogenicity of substantia nigra (SN) 
and lenticular nuclei (LN) was quantified post-hoc on digitized 
analysis of anonymized TCS images using Math-Lab based soft-
ware. Participants were classified with respect to family history, 
mutational status, and clinical symptoms of XDP.

Results: 89 participants (36 female; mean age 45.1±12.9 years) 
were enrolled of whom 40 were clinically affected patients with 
positive genetic status, 20 clinically unaffected relatives of XDP 
patients (7 with positive genetic status, 7 with negative genetic sta-
tus, 6 with unknown genetic status), and 29 healthy controls. In-
creased echogenicity of SN (sum of bilateral measures) was more 
frequent in subjects with mutation (78%; unaffected relatives only: 
67%) than in those without mutation (34%; unaffected relatives 
only: 20%; chi-square test, p<0.001), Increased echogenicity of LN 
(sum of bilateral measures) however was related to clinical affec-
tion rather than to mutational status, found in 81% of the clinical-
ly affected patients but only 27% of clinically unaffected subjects 
(p<0.001). 

Conclusions: SN and LN alteration are frequent sonograph-
ic features in XDP. SN alteration may be a diagnostic marker al-
ready in presymptomatic disease stages. LN is affected predomi-
nantly in the symptomatic stages. TCS expands the knowledge on 
the pathophysiology of XDP and may be an interesting tool for 
screening asymptomatic relatives of XDP patients

prijelom.indd   49 29.4.2015.   8:53:32



50 Cerebrovasc Dis 2015;39(suppl 1):1-52 20th Meeting of the European Society of  
Neurosonology and Cerebral Hemodynamics

P68

Ultrasonographic follow-up after carotid artery 
stenting in post-radiotherapy stenosis patients 
H.-J. Song1, J. G. Lim1, J.-H. Lee2, H. S. Jeong1

1 Department of Neurology, Chungnam National University 
Hospital 
2 Division of Cardiology in Department of Medicine, Chungnam 
National University Hospital, Daejeon, South Korea

Background: Radiation-associated carotid stenosis in rela-
tively common in head and neck cancer patient. Carotid artery 
stenting is the first choice of revascularization in these patients. 

Methods: We performed six carotid stenting in four patients 
with radiation-associated carotid stenosis. We analyzed the brain 
MRI, neck MRA, digital subtraction angiography and carotid du-
plex ultrasonography of the patients before carotid artery stenting. 
And we followed up the patient with carotid ultrasonography to 
evaluate the status of stent and the degree of restenosis.

Results: Two arteries had stenosis in internal carotid artery 
stenosis and 4 cases had in common carotid artery. All of common 
carotid artery stenosis showed ulcerative plaque with intralesional 
turbulent flow. After carotid stenting, we performed carotid du-
plex scanning at 0, 3, 6, 12 months, and then every year. ere was 
no significant restenotic change during follow-up period. 

Conclusions: Carotid duplex ultrasonography is feasible, use-
ful, cost-effective follow-up imaging tool for the patient with radi-
ation-associated carotid stenosis after carotid stenting procedure.

Poster Session II – 5. 
Monitoring & Follow up of surgical 
and endovascular procedures

P67

Cerebral microemboli during carotid artery 
endarterectomy and angioplasty with stenting
N. V. Rybalko , O. I. Vinogradov, A. N. Kuznetsov

National Pirogov Centre of Therapy and Surgery, Neurological 
Department, Moscow, Russia 

Background: Cerebral microembolism is the common rea-
son of neurological complications with carotid artery endarterec-
tomy (CEA) and angioplasty with stenting(CAS). Intraoperative 
solid and gaseous microemboli are associate with post-procedural 
ipsilateral ischemic stroke. However the real clinical significance 
of microembolic signals (MES) is still controversial. 

The aim of our research to correlate the frequency and type of 
per-procedural MES and cerebrovascular ischemic events in early 
postoperative period.

Methods: Fifty one patients with high grade internal carotid 
artery stenosis (≥70% by NASCET) were treated by CEA (30) and 
CAS(21) and monitored by transcranial bilateral Doppler during 
vascular surgery. Differentiation MES was performed with fre-
quency modulation index (FMI) estimation. 

Result: Both solid and gaseous emboli were detected during 
all surgery cases. e embolic loading to the brain was prevailed 
in the CAS group: >1000 MES per hour in CAS group and ≤ 50 
MES in the CEA group. However post-procedural differentiating 
revealed the prevalence of solid MES during the open surgery: 
55% and 21% of all emboli were solid during CEA and CAS re-
spectively. Only solid emboli were independently associated with 
cerebrovascular complications in postoperative period(p<0.005). 

Conclusions: Carotid surgery is strongly associate with the 
high microemdolic loading on the cerebral vessels and can be the 
reason of post procedural vascular complications. e most harm-
ful to the brain during CEA and CAS are solid microemboli.
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