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ABBREVIATIONS

5-HIAA 5-hydroxyindoleacetic acid

ACA Anterior cerebral artery

ADEM Acute demyelinating encephalomyelitis

AIS Acute ischemic stroke

ASPECTS Alberta Stroke Program Early CT Score

BA Basilary artery

BAT Balloon-assisted tracking (technique)

CBF Cerebral blood flow

CBvV Cerebral blood volume

CCA Common carotid artery

CDUS Color Doppler ultrasound

CE MRA Contrast-enhanced magnetic resonance angiography
CF Cerebrospinal fluid

Cow Circle of Willis

CT Computed tomography

CTA Computed tomography angiography

CTP Computed tomography perfusion

DE CTA Dual-energy computed tomography angiography
DSA Digital subtraction angiography

DWI Diffusion-weighted magnetic resonance imaging
ECA External carotid artery

ELFO Electrophoresis

EVT Endovascular treatment

FLAIR Fluid-attenuated inversion recovery magnetic resonance
imaging

GBS Guillain—Barré syndrome

GSR German Stroke Registry

HM Hemiplegic migraine

ICA Internal carotid artery

ICH Intracerebral hemorrhage



ICHD International classification of headache disorders

ISR In-stent restenosis

U International unit

IVT Intravenous therapy

LVO Large vessel occlusion

MCA Middle cerebral artery

MIP Maximum intensity projection

MPR Multiplanar reformation

MR Magnetic resonance imaging

MRA Magnetic resonance angiography

MRI Magnetic resonance imaging

mRS Modified Rankin scale

MTT Mean transit time

NCCT Non-contrast computed tomography
NIHSS National Institute of Health stroke scale
OR Odds ratio

PACS Picture archiving and communication system

PC MRA Phase contrast magnetic resonance angiography

PTCA Percutaneous transluminal coronary angioplasty
RCT Randomized control trial

rtPA Recombinant tissue plasminogen activator

SWI Susceptibility-weighted magnetic resonance imaging
TIA Transient ischemic attack

TICI Thrombolysis in cerebral infarction (scale)

™ Transverse myelitis

TO Tandem occlusion

TOF MRA  Time-of-flight magnetic resonance angiography
us Ultrasound
VR Volume rendering
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INTRODUCTION

Acute ischemic stroke is a cerebrovascular accident resulting from
insufficient focal cerebral blood flow. The blockage diminishes essential
oxygen and glucose perfusion to the brain, leading to damage or death of
brain cells. If circulation isn't restored in time, brain damage can be
unavoidable. The importance of this disease is that it causes major social
and economic burdens to society because it can be a significant cause of
morbidity with long lasting disability and mortality. Globally, stroke is the
second leading cause of death and is a leading cause of serious long-
term disability. [1][2] Rapid recanalization of arterial occlusion and
restoration of blood flow can prevent disability and save lives. The TOAST
classification suggests that there are four main subtypes of ischemic
stroke. [3] These are large vessel atherosclerosis, small vessel disease
(lacunar infarcts), cardioembolic stroke and at last stroke of other
determined or undetermined etiology. The cause and pathophysiology
are different in each of these groups. Irrespective of stroke subtype, it is
critical to know that with each minute of large vessel ischemic stroke
untreated, near two million neurons go down. Understanding acute stroke
and its treatment is the most important that should be kept in mind,

because "time is brain".

ACUTE ISCHEMIC STROKE IN THE ANTERIOR CIRCULATION

Stroke is a syndrome with a broad spectrum and more importantly a
medical emergency also known as a cerebrovascular accident. Anterior
circulation ischemic strokes are the most common of all ischemic strokes
and account for approximately 70% of ischemic stroke cases. The main
cause of this disease is the obstruction of one of the large arteries of the
anterior circulation or the small perforator arteries. Lacunar strokes are

caused by lipohyalinotic intrinsic degeneration of the small penetrating



vessels. As many as 20% of ischemic strokes are penetrating branch
occlusions of the middle or anterior cerebral arteries supplying the deep
white and gray matter resulting in lacunar infarcts which most of the times
are asymptomatic.

The middle cerebral artery (MCA) is the largest of the intracerebral
vessels and supplies almost the whole convex surface of the brain. The
lenticulostriate branches arise from the MCA supplying the basal ganglia
and parts of the internal capsule. Occlusion of the MCA or its branches is
the most frequent type of anterior circulation infarct. Causes of arterial
occlusion involving the major cerebral arteries mainly are emboli arising
from atherosclerotic arterial stenosis at the bifurcation of the common
carotid or the origin of the internal carotid artery, from cardiac sources and
from atheroma in the aortic arch. Symptoms and severity depend on the
level and length of occlusion. Internal carotid artery occlusion can take
place at the proximal 2 cm of the artery and intracranially. Extent of
infarction depends on the speed of occlusion and systemic blood
pressure. Occlusion of the internal carotid artery can be silent when
collaterals open up if the occlusion occurs steadily over a period of time.
In other cases, tandem occlusion of the internal carotid artery can develop
which is characterized by proximal occlusion of ICA, either due to acute
thrombosis of an unstable atherosclerotic plaque or dissection, resulting
in the embolic blockage of the ICA terminus and/or the main trunk (M1
segment) of the middle cerebral artery. The condition is responsible for
up to 20% of acute ischemic stroke cases [4], responds poorly to
intravenous thrombolysis [5] and is associated with poor prognosis

without timely and successful recanalization [6]

NON-INVASIVE IMAGING TECHNIQUES

Rapid neurovascular imaging is critical in identifying eligible patients for

endovascular therapy. Recent innovations in neuroimaging have allowed



for better assessment of risks/benefits of endovascular therapy and
appropriate triage of patients. Primary and most cost-effective tool used
in case of suspected acute stroke is non-contrast computed tomography.
[7] Patients with acute ischemic stroke non-contrast computed
tomography (NCCT) might be normal or show slight changes as
hyperdense MCA sign, insular ribbon sign or hypodensity due to cytotoxic
edema, loss of gray-white differentiation, cortical swelling and effacement
of sulci. The ASPECTS (Alberta Stroke Program Early CT Score) is a
guantitate, standardized score that measures the extent of early ischemic
changes in the anterior circulation on initial non-contrast head computed
tomography. Limitations of this method is that it is not valid for lacunar
strokes and strokes involving the posterior circulation. More advanced
non-invasive imaging techniques are computed tomography angiography
either expanded with perfusion study or magnetic resonance imaging with

different sequences including angiography.

IMAGING OF THE NEURO-VASCULATURE

The first and most crucial step in the treatment of neurovascular
emergencies is proper preprocedural imaging. For treating ischemic
stroke, the most important is a rapid and accurate diagnosis and the exact
cause and location of the blot clot is essential. Computed tomography is
a tool that can be used to differentiate between ischemic and hemorrhagic
stroke and can show the exact location of the blood clot in a timely manner
with a low cost. [8] Since CT scanners have been installed throughout the
country CT became widely available all the year round. In an acute setting
there are relatively few contraindications, and the scanning time is
extremely rapid. Novel methods like artificial intelligence can also help
and speed up the decision-making process. Eventhough intravenous
thrombolysis can be administered after plain head CT ruled out

hemorrhage, many centers even in hospitals with lower level for stroke



treatment routinely perform supra-aortic computed tomography
angiography (CTA). Findings on the CTA have triage consequences and
preventive implications for the stroke patient. Diagnosing supra-aortic
large vessel stenosis or occlusion referable to the neurological symptoms
is essential for acute stroke patients to warrant the adequate treatment
option. Specialized computed tomography especially perfusion studies
and magnetic resonance imaging (MRI or MR) are helpful for expanding
the time window or aid further therapeutic guidance. Computed
tomography perfusion (CTP) allows us to acquire real-time physiology
parameters from the brain parenchyma as well as cerebral blood flow
(CBF), cerebral blood volume (CBV) or mean transit time (MTT). By
measuring the quantity of irreversibly damaged brain tissue and
salvageable brain this method is eventually one of the most helpful tools
in stroke diagnostics. MR is an advanced tool and has also the
advantages as CT perfusion, but it is time consuming and the availability
all year round is far from optimal. [9]

COMPUTED TOMOGRAPHY ANGIOGRAPHY (CTA)

Computed tomography is well established initial tool for neurological
emergencies which rapidly gives comprehensive information regarding
the therapeutic decision-making process. Nevertheless, since
endovascular treatment options could be applicable and efficient up to 24
hours after last seen well, none-enhanced CT and CT angiography has
become the standard of care for the primary imaging of stroke patients.
Treatment should never be delayed by removing the patient from the
scanner for further evaluation of the images, so CT angiography should
always follow plane CT in an acute stroke patient. [10] In general, CT
angiography has been favored for the vascular assessment and treatment
planning of stroke patients despite the radiation exposure. The main
reason is the rapid technical progression in hardware and software,

10



allowing every hospital to perform state-of-the-art vessel imaging. Since
the introduction of multi-detector CT scanners high-resolution
angiographic images can be acquired of the supra-aortic vascular tree in
just blink of an eye with small amount of single bolus contrast injection. At
least 64-section scanner can visualize from the aortic arch through the
intracranial vessels in less than 3 seconds at submillimeter isotropic
resolution. [11] Basic CT and CTA may be complemented by multiphase
CTA or CT perfusion, which can offer further information on collateral
circulation and tissue viability. Artefacts or poor evaluation of vascular
pathologies even in heavily calcified vessels or in the presence of metallic
implants can be avoided with artefact reduction software and dual-energy
scanning. [12] Dual-energy CT angiography (DE CTA) of the head has a
high sensitivity and specificity compared to 3D DSA as the standard of
reference. [13] Postprocessing can be performed by the technologist from
raw data on the scanner in conventional planes and sent to the picture
archiving and communication system (PACS) server. The available
thinnest axial slices also should be sent to the PACS serves for additional
reconstruction by the neuroradiologist or interventionalist even later.
Depending on the vascular pathology maximum intensity projection
(MIP), volume rendering (VR) and multiplanar reformation (MPR) should
help in the assessment. Relative contraindications of CT angiography in
an acute stroke patient can be allergic reaction to contrast agents,
pregnancy, hyperthyroidism, metformin use, and chronic or acutely
worsening renal function, but usually the potential benefit of rescuing the
patient from life-long disability or even death outweighs the risk. [14]

MAGNETIC RESONANCE ANGIOGRAPHY (MRA)
Magnetic resonance imaging requires no radiation exposure. MR is widely

available, noninvasive, great and advanced tool for neuroimaging and

identifying the subgroup of stroke patients who may benefit from
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revascularization therapies. [15] MR like CT has the capability to visualize
intracranial and extracranial vasculature either artery or vein. In stroke our
major goal is to delineate steno-occlusive vascular pathology that can be
associated with the neurological deficit. There are two main techniques
for MR angiography. Contrast-enhanced MRA (CE MRA) uses gadolinium
as contrast, while time-of-flight (TOF) or phase contrast (PC) MRA
depends on physiologic circulation. Routine MR imaging commonly
includes time-of-flight MRA. Despite no contrast medium is required for
this sequence it has some major drawbacks. It has a limited spatial
coverage which excludes the extracranial vasculature and very sensitive
to motion artifacts since the MR signal is generated by the motion of the
blood. [16] [17] Contrast-enhanced MR angiography is less affected by
flow disturbances. Compared to time-of-flight MRA it can cover the whole
supra-aortic region with a quicker acquisition time, but on the other hand
it does not reach the spatial resolution of time-of-flight angiography. [18]
Contrast medium has a relatively high cost, and the administration
requires an extra sequence for bolus-tracking. Nephrogenic systemic
fibrosis is another concern in patients with impaired renal function. [19]
Nevertheless contrast enhanced MR angiography can be a diagnostic
option next to CT angiography and DSA in the comprehensive evaluation
of neck and head arteries, since it precisely detects clinically significant
diseases in the carotid and vertebrobasilar system as well. As the
magnetic field strength increases future holds new directions in MR
imaging such as higher spatial resolution and reduced acquisition time.
Along with the technological advancements in MR hardware and software
the promising unenhanced MR methods will most likely open new
horizons and take over vascular imaging avoiding the need for additional

contrast administration.
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NEUROVASCULAR ANGIOGRAPHY AND NEUROINTERVENTION IN ACUTE ISCHEMIC

STROKE

DIGITAL SUBTRACTION ANGIOGRAPHY — DSA

Since Sven Ivar Seldinger introduced his technique in 1953 to obtain safe
access to blood vessels a rapid evolution took place in the last decades
in the field of interventional radiology and interventional neuroradiology.
With the use of catheters an x-ray-based imaging guidance the cervical
and cerebral blood vessels can be precisely envisioned. Digital
subtraction angiography has been considered the gold standard for
imaging evaluation of blood vessels and hemodynamics despite the
advances in noninvasive diagnostic neuroimaging, mostly because of the
spatial and temporal resolution the DSA can offer. Amongst its limitations
is the invasive nature of the procedure, which is associated with even a
0,7% of stroke risk due to the necessity of intraarterial catheterization of
precerebral cervical vessels. In a high-voulme neurointerventional
practice the major complication rate associated with diagnostic
angiography should approach zero. [20] The experience and procedural
volume of the operator in charge is crucial to guarantee the safety of this
procedure. As the number of advanced noninvasive imaging tools and
examinations increase the catheter-based diagnostic procedures will
probably decrease. On the other hand, the field of neurointervention is
continuously expanding requiring well-trained and experienced
neurointerventional operators. Advances in endovascular technologies
offer thin wall hollow structures for accessing the neurovasculature with
ease and safety. A routine DSA protocol either diagnostic or therapeutic
involves an arterial access usually on an extremity. Nowadays in the daily
routine a femoral or radial/brachial access is used. After selecting a
cervical vessel, a DSA run is obtained at 3—4 frames per second to assess
cerebral blood flow until the venous phase. By using a biplane angiosuite

two projections can be acquired at once. Biplane system can enhance the
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operator’s confidence, but the reduction in radiation dose, complication
rate or procedure time could not be significantly enhanced. [21] Still recent
developments in angiography systems using flat panel detector improved
image quality and reduced radiation exposure. [22] Angiosuites equipped
with flat panel detectors are capable of 3 D image acquisitions and recent
developments offer even flat panel CT on the table. Eventhough it is just
“CT-like” cross sectional imaging and has not been approved as real CT,
the advances in flat panel technology resulted in high resolution image
quality and improved soft-tissue contrast resolution. A future perspective
of cone-beam CT is 4D-DSA which enables time-resolved 3D imaging in

angiography. [23]

ROLE OF INTERVENTIONAL NEURORADIOLOGY IN ACUTE ISCHEMIC STROKE

Historically, the earliest approved treatment for acute ischemic stroke in
1996 was thrombolysis by intravenous recombinant tissue plasminogen
activator (rtPA), but almost two decades passed by when the results of
five published trials revolutionized the treatment of large vessel
occlusions (LVO) eligible to endovascular treatment. [24][25]
Interventional neuroradiology performs minimally invasive procedures
using catheters through the vasculature to treat vascular diseases.
Advanced imaging capabilities are needed to perform these procedures.
Recent developments in acute ischemic stroke therapy with endovascular
thrombectomy have shown significant reduction in stroke morbidity and
mortality. Eventhough great efforts have been done to avoid delays in
stroke treatment, still many patients are excluded from the first-line
thrombolytic therapy due to contraindications of drug administration
especially time window overruns. Randomized controlled trials (RCT)
verified that patients who had acute ischemic stroke with anterior-
circulation large vessel occlusion have a benefit from endovascular

treatment when intraarterial treatment is carried out within 6 hours after

14



stroke onset. [26] Later on two clinical trials have demonstrated evidence
that a subgroup of patients can benefit from reperfusion therapy after 16
or even 24 hours from stroke onset. [27][28] Regardless of intravenous
therapy, consideration for endovascular therapy not only could but should
be performed. During mechanical thrombectomy the embolus is
physically removed from the artery avoiding further damage within the
penumbra. It is estimated that around 15% of patients with acute ischemic
stroke are eligible for mechanical thrombectomy presenting within 6 h of
symptom onset. [29] However, in high-volume centers distal to ICA and
MCA occlusions the possibility of catching emboli from MCA (M2 and M3)
or ACA (Al and A2) branches or even from posterior circulation (BA and
P1) is not beyond our reach. In view of this it is easily noticeable the
advances in endovascular therapy have revolutionized the way we
diagnose and treat acute stroke patients. From 15%, the number of stroke
patients eligible for thrombectomy is increasing as the growing evidence
and expanding guidelines permit more patients to be treated effectively

without harm.

ENDOVASCULAR RECANALIZATION IN ACUTE ISCHEMIC STROKE

The main goal in acute ischemic stroke is the rapid and technically
straightforward recanalization as soon as possible. For the recanalization
of large vessel occlusion in acute ischemic stroke besides intravenous
thrombolytic therapy is endovascular mechanical clot removal. The
originally used local intra-arterial fibrinolysis did not revolutionize stroke
therapy and it was not further developed and studied. [30] In the early
2000s the first dedicated tools were engineered and approved for
endovascular intracranial thrombectomy. These first-generation devices
reached a certain acceptance, but their efficacy was limited, and some
safety concerns came up. [31] Penumbra came out with an aspiration

catheter as well as an aspiration pump in 2006 and has been emphasizing
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the role of aspiration ever since. In 2008 after an unsuccessful intracranial
thrombectomy attempt with conventional devices a Solitaire stent was
successfully used for mechanical thrombectomy the first time in human
for this purpose. [32] This was an incidental success, but after a few years
stent-retriever based randomized controlled trials proved the safety and
efficacy of mechanical thrombectomy in acute ischemic stroke. [24] [25]
Since then many manufacturers developed their own stent-retriever
device, mainly using the same principle as the Solitaire stent. Some
newer generation devices have more complex construction to grab and
hold the embolus without any distal embolization. But the main stent-
retriever concept has not changed since the first successful case. Along
with stent-retriever development newer and newer large bore aspiration
catheters also have been designed, approved, and thrown to the market.
At first, case series showed success with the aspiration catheter alone,
but at that time the standard of care was the stent-retriever thrombectomy.
The evidence for recanalization had already been established so only the
efficacy and safety had to be proven. A multicenter randomized control
trial showed that a direct aspiration as first-pass technique (ADAPT) to
remove clot from the anterior circulation in patients with acute ischemic
stroke was not superior (or inferior) to firs-line stent-retriever
thrombectomy in achieving successful recanalization. [33] Even 20% of
acute ischemic strokes are caused by tandem occlusion of intracranial
anterior large vessel and concomitant extracranial internal carotid artery.
Although the literature on the endovascular treatment of TO in AIS is
rapidly expanding, data on the safe and efficient maneuvers for the
recanalization of the occluded ICA plaque is still sparse. Stenting of the
occluded or severely stenosed ICA for safe and easy passage to the
intracranial circulation is an option. But due to the mandatory initiation of
at least one, but occasionally two antiplatelet therapies in an acute stroke
patient makes it even more complicated for the staff to figure out the
optimal postoperative medication. There is no significant increase, only a

trend toward higher bleeding risk in the stented population. [34] Another
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revascularization method is the balloon-assisted tracking technique
(BAT), where a partially deflated balloon is exposed out of the catheter tip
to facilitate its passage through stenosed or spastic arterial segments
which was initially introduced by interventional cardiologists [35], and
recent case studies proposed the applicability of the technique in the field

of neurointervention as well [36] [37].

DIAGNOSTIC DIFFICULTIES IN AIS AND HEMIPLEGIC MIGRAINE AS A STROKE MIMIC

Stroke mimics can be a significant percentage of acute stroke hospital
admissions, but in these cases a non-vascular condition causes
neurological deficit alike in acute stroke patients. [38] Despite state-of-
the-art imaging modalities available in daily routine excluding conditions
which only imitate stroke still takes time. But treating stroke patients time
is the most important circumstance that we must consider, so to be aware
and understand these conditions is mandatory to those diagnosing and
treating stroke patients. Migraine can be overlooked or underdiagnosed
in the daily routine. Migraine affects 10-15% of the population, making it
the most common primary headache in children and adolescents. [39]
Hemiplegic migraine (HM) is a rare form of headaches, and it often starts
in childhood. [40] The frequency of the attacks is varying; its significance
is due to the difficulty of the differential diagnosis of the first attack. In
accordance with the current international classification of headaches, HM
is diagnosed if the patient has at least two completely reversible aura with
motor and sensory symptoms and speech disorder, at least one of the
symptoms is unilateral and the motor symptoms do not last for more than
72 hours. Differential diagnosis of the first HM attack in childhood is very
challenging, detailed laboratory along with imaging studies are required

and symptoms have to be closely monitored.
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VALUE OF CT ANGIOGRAPHY IN THE FOLLOW-UP OF NEUROVASCULAR STENTS

Supra-aortic stenting has been shown to increase the therapeutic value
of balloon angioplasty for the treatment of these arterial lesions in
preventing acute ischemic stroke. The main drawback of stent placement
is the mandatory initiation of dual antiplatelet therapy besides the
occurrence of in-stent restenosis (ISR). The major cause of in-stent
restenosis is neointimal hyperplasia. The occurrence of in-stent
restenosis can be as high as 10,6% in the extracranial internal carotid
artery, 31% in the intracranial arteries and 15.9% in the orifice of the
vertebral arteries. [41] [42] [43] The extracranial internal carotid artery is
the vessel where color-coded duplex sonography can visualize the vessel
lumen for adequate screening and follow up after interventions,
nevertheless ultrasound may have Ilimitations due to anatomical
anomalies or technical difficulties. Besides the extracranial internal
carotid artery is the less prone to restenosis. For intracranial and vertebral
orifice stents conventional DSA is the current criterion standard follow up
examination. In a high-volume neurointerventional department the risk of
neurologic complications during conventional DSA is close to zero, still
the complication rate can range as high as 0,3% due to its invasive nature.
[44] Promising new noninvasive alternative tool could be the cone beam
CT after intravenous contrast medium administration performed in an
angiographic suite equipped with flat-detector. The downside of this
method is the lack of bolus tracking and the accessibility, which can be a
limitation for the method to unfold. [45] Using MR imaging exact depiction
of the stent lumen and exact measurement of the in-stent restenosis is
not possible. A non-invasive alternative method for assessment of the

stented supra-aortic vessels would be highly desired.
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AIMS

1. STROKE MIMICS

Through a case report one of our aims is to show how challenging can be
to assess patients with stroke mimics especially with hemiplegic migraine
starting in childhood. Our objectives were to describe a diagnostic work
up and differential diagnostic algorithm which could be helpful in

understanding and discovering stroke mimics.

2. BALLOON-ASSISTED TRACKING TECHNIQUE IN TANDEM LESIONS

We introduced a novel method the balloon-assisted tracking technique
(BAT) in the treatment of tandem large vessel occlusive lesions in acute
ischemic stroke cases causing neurological symptoms, which account for
up to 20% of acute ischemic stroke patient and associated with poor
prognosis if complete recanalization is not achieved. Our aim was to
describe the technique in detail and demonstrate our experience using
the BAT technique in the endovascular recanalization of tandem occlusive
lesions showing its applicability, feasibility, safety and efficacy, because
endovascular recanalization might be challenging due to difficulties in the
safe passage of the occluded plaque at the origin of the internal carotid
artery (ICA).

3. MODALITY OF CHOICE FOR THE FOLLOW UP AFTER SUPRA-AORTIC STENTING

In a retrospective study we aimed to determine whether the 64-slice dual
energy CT angiography after intravenous contrast medium administration

is suitable for the evaluation of luminal patency and in-stent restenosis
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after supra-aortic percutan transluminal angioplasty and stenting
involving intracranial and extracranial atherosclerotic lesions, which
stenoses are an established risk factor for stroke. Nevertheless, our aim
was to estimate the feasibility of this non-invasive tool instead of catheter-

based examinations.

METHODS

1. MIDDLE CEREBRAL ARTERY HYPOPERFUSION IN A PATIENT WITH MIGRAINE

In a case report the diagnostic difficulties were shown and demonstrated
stroke mimics which have to be taken into account when treating these
patients. In our case a 13-year-old girl without any comorbidities was
admitted to the emergency department due to left temporal headache
associated with vomiting, speech disorder and confusion. The headache
was throbbing in nature, stronger than moderate (VAS 5) and lasted for
several hours longer than the aura symptoms. The pain was accompanied
by sensitivity to light and sound and was aggravated by physical activity.
The patient answered the questions regarding the headaches only days
after the disorder when her aphasia resolved. After the head CT was
performed on admission, progression was seen, facial asymmetry and
slight right sided hemiparesis were detected. The patient's symptoms,
confusion and speech disorder showed a fluctuating course. After
admission, neurological symptoms progressed further, sensorimotor
aphasia, disorientation, and somnolence developed. 5-6 hours after her
admission, her level of consciousness varied from somnolence to sopor.
Routine laboratory and microscopic examination of the cerebrospinal fluid
was carried out as well as electrophoresis (ELFO) of the cerebrospinal
fluid (CF). Initial head CT followed by head MRI with time-of-flight (TOF)

MRA was performed.
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2. IMPROVING THE SAFETY AND EFFICIENCY OF ENDOVASCULAR RECANALIZATION OF
TANDEM OCCLUSIVE LESIONS IN ACUTE ISCHEMIC STROKE

Tandem occlusion (TO) of the internal carotid artery is characterized by
proximal occlusion of ICA, either due to acute thrombosis of an unstable
atherosclerotic plaque or dissection, resulting in the embolic blockage of
the ICA terminus (ICA-T) and/or the main trunk (M1 segment) of the
middle cerebral artery. The condition is responsible for up to 20% of acute
ischemic stroke cases [46], responds poorly to intravenous thrombolysis
[5] and is associated with poor prognosis without timely and successful
recanalization. [47] Despite the high incidence and large clinical impact,
the initial large, randomized trials showing the efficiency of endovascular
treatment (EVT) of large vessel occlusion in acute ischemic stroke either
did not report key technical and clinical results from this subgroup or
entirely excluded these patients from the analysis. [25] This is likely
explained at least in part by the fact that tandem occlusions challenge the
surgeon with a thrombotic-atherosclerotic (occluded plaque at the origin
of the ICA) and a thromboembolic (distal ICA and/or MCA occlusion)
pathology at the same time, each requiring different endovascular
techniques and paradigms. Although the literature on the endovascular
treatment of TO in AIS is rapidly expanding, data on the safe and efficient
maneuvers for the recanalization of the occluded ICA plaque are still
sparse. The balloon-assisted tracking technique, where a partially
deflated balloon is exposed out of the catheter tip to facilitate its passage
through stenosed or spastic arterial segments was introduced by
interventional cardiologists [48], and recent case studies proposed the
applicability of the technique in the field of neurointerventions as well. [36]
In our study we report our detailed experience with the BAT technique in
the endovascular recanalization of 107 AIS patients with tandem

occlusion.
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THE BALLOON-ASSISTED TRACKING TECHNIQUE

We only found only a few case series describing novel techniques about
how tandem occlusions are treated in different centers by different
operators. [49] [50] [51] [52] All of them had a small number of patients at
a single center. We also describe our experience and the technical
aspects of our method in detail which was carried out on more than 100
patients and has been a well-established method to treat tandem
occlusions. In our practice interventions were carried out on a monoplane
angiosuite (Axiom Artis, Siemens, Erlangen, Germany) under
anesthesiology standby including conscious sedation or general
anesthesia if necessary. The right or left common femoral artery was
accessed by an 8 F introducer sheath and 5000 international units (1U) of
unfractionated heparin was administered intravenously. No antiplatelet
therapy was administered beforehand in these cases. An 8F guiding
catheter (Guider Softip, Boston Scientific) was advanced into the common
carotid artery (CCA) on the affected side. The ICA occlusion was then
confirmed with a prolonged run after contrast injection through the guide
catheter. The runs were repeated in various projections until the tiny
stump of the occluded ICA could be clearly visualized, when possible. The
recanalization of the occluded ICA was performed through the guide-
catheter using a slightly shaped hydrophilic 0.014” micro guidewire
supported by a low profile 4 mm PTCA balloon catheter (Ryujin, Terumo).
For crossing the ICA occlusion, a neuro microguidewire [(Traxcess
(Microvention), Portal (Phenox) or Chikai Black (Asahi)] was used in 81
out of the 107 cases (76%) or a PTCA guidewire [CHOICE Extra Support
or PT GRAPHIX (Boston Scientific)] was used in 26 out of the 107 (24%)
cases, depending on the lesion and on the operator’s preference. In 39
cases (36%) additional wires were used for crossing the ICA occlusion,
maintaining stability or replacing the crooked wire. The wire was carefully
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advanced through the occluded plaque with special attention to keep the
wire in a true intraluminal position by navigating it through the tiny stump
of the ICA identified on initial angiographic series. This was followed by
angioplasty of the plaque using the undersized, 4 mm balloon catheter,
following intravenous administration of atropine if necessary. The balloon
was partially deflated thereafter and the guide catheter was advanced to
partially cover it, with the half-deflated balloon protruding out from the
catheter tip, forming a streamlined outline of the balloon-catheter tip
complex, so that the rim of the catheter tip cannot get in contact with the
irregular plaque surface, then the guide catheter was gently advanced
with the half-inflated balloon acting as a ,stylet” through the ruptured
plague and occluded cervical segment of ICA to prevent the razor effect
of the rim of the guide catheter. [37] The balloon was then slowly deflated
and removed together with the microguidewire. The 8F guiding catheter
was detached from the hemostatic valve and carefully moved and torqued
forth and back under gentle manual aspiration using a 50 ml perfusor
syringe, removing thereby the thrombotic material in the cervical ICA
segment. Extra care was taken during this step to prevent the vessel wall
to be sucked in by the tip of the catheter to prevent dissection. The
hemostatic valve was then reattached and stent-retriever or direct
aspiration thrombectomy of the carotid-T or MCA was performed in the
usual technique. During distal thrombectomy the guide catheter was kept
in the newly opened proximal ICA causing flow arrest and acting as dilator
on the ICA plaque as described by Dotter et al. earlier. [53] Following the
successful recanalization of the dependent intracranial arteries, the 8F
guide catheter was retrieved into the CCA under continuous manual
aspiration with the micro guidewire left in the distal segment of the ICA to
maintain access and an angiogram was done to evaluate the reopened
ICA plague. In case of high-grade recoiling, an additional angioplasty was
performed using a 6 mm balloon. Stent implantation was performed only
in case of flow limiting residual stenosis, immediate reocclusion after

repeated angioplasty, visible floating thrombus on the plaque or flow
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limiting dissection. A schematic drawing of the BAT maneuver is shown
in Figure 1 and an illustrative case using the technique is presented in

Figure 2.
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Figure 1. Schematic drawing illustrating key steps of the application of the

balloon-assisted tracking technique in the recanalization of an occlusive
plaque at the origin of the ICA. (A) A guide catheter is positioned in front
of the ICA stump. (B) A 0.014” micro-guidewire is carefully passed
through the ICA stump and angioplasty is performed with an undersized,
low-profile balloon. (C) The guide catheter is then tracked by the patrtially
deflated balloon over the plaque into the occluded lumen of the ICA. The
protruding balloon acts as a stylet preventing contact between the
irregular plaque surface and the catheter rim. (D) Finally, the balloon and
microwire are removed and the thrombus is extracted by aspiration.
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Figure 2. Demonstrative case of the balloon-assisted tracking technique

showing the recanalization of a left sided tandem ICA-MCA occlusion in
a middle-aged patient with acute onset severe left hemispheric
symptoms. (A) Preoperative CTA reveals proximal occlusion of the left
ICA with a small, rounded stump (white arrow) and a filling defect in the
left M1 bifurcation (B, open white arrow) with apparently good filling of the
distal MCA branches. (C) Subtraction angiography confirms the ICA
occlusion, but shows a complete flow arrest at the M1 bifurcation (D, open
white arrow). The field-of-view position on panels F-G demonstrating the
BAT technique corresponds to that of panel E. (F) The procedure begins
with the careful penetration of the ICA stump with a 0.014” neuro
microguidewire. The large lumen 8F soft tip guide catheter is then moved
to the very end of the stump for sufficient backup. (G) A low-profile
coronary PTCA balloon with a diameter of 4 mm is positioned across the
plaque followed by angioplasty by careful manual inflation of the balloon.
The occlusion point (white arrowheads) is easily recognized. After
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complete inflation (H) the balloon is deflated passively (i.e., the syringe is
detached from the conus) and the guide catheter is advanced over the
balloon and then they are moved carefully together into the ICA (I and J).
The partially deflated balloon forms a streamlined stylet (white open
arrows on | and J), preventing the rim of the catheter to get in contact with
the irregular surface of the plaque, precluding thereby shaving off plaque
debris or plague dissection. The balloon is deflated completely thereafter
and is removed together with the microwire. The ICA lumen is then
recanalized by careful manual aspiration through the guide catheter and
the recanalization of the MCA is performed by ADAPT technique. (K)
Selective injection of the left CCA at the end of the procedure shows the
complete recanalization of the ICA and MCA. The black open arrow
indicates the highest level to which the balloon-guide catheter complex
was advanced. The recanalized plaque shows a smooth surface (black
arrowheads), without signs of dissection, floating thrombus, or high-grade
residual stenosis, therefore stent implantation was not pursued at the
acute stage. The total time from the selective diagnostic run of the CCA
to the complete recanalization (from panel C to panel K) was eight

minutes.
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STATISTICAL ANALYSIS OF THE PATIENTS TREATED WITH ENDOVASCULAR
RECANALIZATION OF TANDEM OCCLUSIVE LESIONS IN ACUTE ISCHEMIC STROKE

We evaluated 107 AIS patients with tandem occlusion lesions. The data
was retrospectively collected and analyzed. It was driven to detect the
safety and efficacy of the method we used to treat this subgroup of stroke
patients. Recorded baseline data included age, sex, history of
hypertension, atrial fibrillation, diabetes and dyslipidemia. Admission
clinical parameters such as CT ASPECTS score, NIHSS score, ictus to
needle time, occlusion site, use of recombinant tissue plasminogen
activator (rtPA) was also retrieved. The CT imaging data was reviewed by
the radiologist on call and the interventionalist performing the treatment
in all cases and ASPECTS values were determined by consensus.
Continuous variables were reported as median with range and categorical
variables as number and percentage. Categorical variables were
compared using the x?-test or Fisher's exact test for small cell values, p
values less than 0,05 were interpreted as statistically significant. Analyses
were performed using SPSS, Version 26.0 (IBM, Armonk, NY, USA).

3. FEASIBILITY AND DIAGNOSTIC VALUE OF CT ANGIOGRAPHY AFTER SUPRA-AORTIC

STENTING INCLUDING INTRACRANIAL INTERVENTIONS

In this study we evaluated 54 consecutive patients with 72 supra-aortic
stents (47 cervical carotid, one brachiocephalic trunk, 5 subclavian, 11
ostial vertebral and 8 intracranial). Recorded baseline data included sex,
history of hypertension, diabetes, dyslipidemia and the treated vessel. We
compared the diagnostic accuracy of a 64-slice dual energy CT
angiography with other modalities and whether it is suitable for the
evaluation of luminal patency and in-stent restenosis after supra-aortic
percutan transluminal angioplasty and stenting involving intracranial and

extracranial atherosclerotic lesions. 72 stents had a supra-aortic dual
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energy CT angiography. All CT examinations were done without adverse
events following contrast media application and without other
complications. Multi-slice CT angiographs were performed in the
caudocranial direction with a Siemens Flash Dual Source 64-slice
scanner (Siemens, Erlangen, Germany) ranging from the aortic valve to
the skullcap. Data acquisition consisted of 64 x 0,6 mm collimation,
100/140 kV (dual energy), 270/270 mAs, a helical pitch of 0,7 and a 0,28
S gantry rotation time. Axial images were reconstructed with a slice width
of 1 mm and a reconstruction increment of 1 mm using a sharp kernel.
Using care bolus-tracking, 70-80 ml of contrast medium (lomeron 350,
Bracco, Milan) followed by a 30-40 ml saline bolus were administered via
power injector with an injection rate of 4-5 ml/s. Centered on the stents,
parallel and perpendicular to the stents’ centerline reconstructions were
performed under a smaller field of view with advanced imaging software
(SyngoVia Workstation, Siemens, Erlangen, Germany). Mean multiplanar
reconstructions (MPR), maximum intensity projections (MIP) were
reconstructed with a 1 mm slice thickness and an increment of 1 mm.
Curved planar reformations (CPR) were performed with a 1 mm slice
thickness. Images were transferred to a picture archiving and
communication system (PACS). The CT angiography after angioplasty
mean follow-up time was also noted. To determine the percent of residual
or restenosis the North American Symptomatic Carotid Endarterectomy
Trial (NASCET) method was used. All stents were classified as patent or
re-stenotic. A stenosis of at least 70% according to the NASCET criteria
was considered restenotic. All measurements were obtained
perpendicular to the center line of the stented segment. Stent patency
was evaluated by two experienced neuroradiologists using curved
multiplanar reformations and different planes of maximal intensity

projection images.
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RESULTS

1. A SPECIAL CASE OF MIGRAINE MIMICKING ACUTE ISCHEMIC STROKE IN AN

ADOLESCENT PATIENT

In our case routine laboratory and microscopic examination of the
cerebrospinal fluid, head CT and head MRI of the brain parenchyma did
not show any abnormalities. TOF MRA showed diminished flow signal in
the end branches of the left MCA. Normal protein pattern was found with
electrophoresis (ELFO) of the cerebrospinal fluid. No activity suggestive
of epileptic dysfunction was observed with EEG. On the other hand, 5-
HIAA measurement was performed from the cerebrospinal fluid during the
attack and it showed a level which was 10 times above the normal value.
Limited published data is available regarding the 5-HIAA level of the
cerebrospinal fluid measured during migraine attacks. Almost all available
studies found a decrease in 5-HIAA between attacks. [54] However,
during migraine attacks, 5-HIAA levels were elevated in the serum, urine,
and cerebrospinal fluid. [55] [56] The role of serotonin metabolic
dysregulation in migraine with aura and spreading depression is
unquestionable. [57] [58] [59] There is no evidence about serotonin
playing a key role in stroke or inflammation as in migraine. Nevertheless,
in our publication, the early diagnosis of HM was not based on the
elevated level of 5-HIAA but on the clinical status. The 5-HIAA
measurement was performed because we had no knowledge of any
previous similar attacks at the time of sampling, and we were looking for
additional markers due to the differential diagnostic difficulties. Detailed
and targeted past medical history collected after the symptoms showed
that the patient had one previous episode of headache accompanied by
neurological symptoms (numbness of the hand, weakness, speech
disorder, confusion). As a result, the clinical status met the diagnostic
criteria of sporadic HM in accordance with ICHD-32. There are

contradictory data in the literature regarding the diameter and blood flow
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of large cerebral vessels during aura and spreading depression. Both
decreased [60] and increased [61] perfusions were reported in the
cerebral circulation during and after an attack. However, there is no
comprehensive study in the literature due to the rarity of the disease. The
contradictory results may also be explained by the fact that both
possibilities are likely to occur during the course of the attack. [62] It is
hypothesized that one of the triggers of the attack may be serotonin
release, resulting in a consequent reduction in intracranial flow. This is
followed by reflex compensation, which causes an increase in flow. The
results in the manuscripts are determined by the phase of the migraine in
which the tests were performed. In our case, the MRI was performed at
an early stage, while the symptoms were still present. This may explain
the hypoperfusion seen within the MCA territory shown on Figure 3. The
presented case is considered to be a sporadic HM until the genetic results
are received, as the detailed family history did not show a familial
accumulation, and the patient's mother had only intermittent tension-type
headaches. In the presented case, stroke was suggested to be present
due to the sudden onset and progression of unilateral symptoms, aphasia
and fluctuating confusion after encephalitis, metabolic disorder and
epilepsy was ruled out. The most common conditions to consider in
children in case of confusion, hemiparesis, headache, and
numbness/paresthesia are summarized in Table 2. Intracranial
hemorrhage was ruled out by cranial CT at the beginning of the
evaluation, and ischemic stroke could be clearly ruled out by MRI and
MRA. T2-weighted and FLAIR MRI sequences did not confirm structural
parenchymal lesion, and diffusion-weighted measurements (DWI) did not
show a decrease in diffusion suggestive of new ischemia, but TOF MRA
confirmed significant spasm of the large arteries supplying the affected
hemisphere. Bosemani et al. in a previously reported a case similar to the
one presented here, where MRI-based contrast perfusion measurements
(PWI) and susceptibility-weighted imaging (SWI) in the acute phase of

migraine found tissue hypoperfusion in the affected vascular area, with
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slow circulation and elevated deoxyhemoglobin levels in the veins, but
early ischemic abnormalities were not present in the DWI sequence. [63]
Unfortunately, in our case, the acute MRI did not include perfusion and
SWI sequences, and we could not confirm early ischemic abnormalities
in the diffusion-weighted images. Based on the above, the development
of severe vasospasm in the affected ICA and MCA branches in the initial
stage of the migraine aura, resulting in a reduction of perfusion of the
affected hemisphere below a critical level and consequently the
appearance of neurological focal signs is considered the cause in the
background. [64] [65] As the cerebral hypoperfusion did not decrease
below a critical limit for ischemic parenchymal damage (12—20 ml/100 g
brain tissue/min), therefore neither the acute, nor the check-up MRI

performed days later showed any structural lesion in the parenchyma.

32



Figure 3. (A) Maximal intensity projection (MIP) reconstruction images of

TOF MRA sequences prepared during the attack, spasm of the left ICA
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and main branches of the MCA is seen with diminished flow signal in the

end branches of the left MCA (arrow heads), suggesting severe

hypoperfusion. (B) Check-up TOF MRA prepared four days later showing

normal lumen and good flow in all visible arteries.

Table 1. Most common conditions in the differential diagnosis of migraine

causing confusion, hemiparesis, headache and numbness/paresthesia in

children. Based on the recommendation of the British Medical Journal

(BMJ) Best

Medical Practice,

in order

http://bestpractice.bmj.com/best-practice)

of frequency (source:

Confusion Hemiparesis Headache Numbness/paresthesia
stroke/TIA
status post head injury  TIA concussion spinal compression

delirium

status post epileptic
attack
cardiac
(congestive heart
failure, ventricular

arrhythmias

hyperglycemia
hypoglycemia
hypernatremia
hyponatremia
dehydration
depletion)

(volume

hypothermia

hypoxia

hypercapnia
hepatoencephalopathy

uremia
acute systemic infection
acute psychosis

alcohol consumption
drug effect

drug withdrawal
pulmonary embolism

hemorrhagic stroke
traumatic brain injury

hypoglycemia

Todd-paresis
paresis)

(postictal

subdural hemorrhage
subarachnoid hemorrhage
hematomyelia

dorsal / lumbar spinal injury
cervical spinal injury

encephalitis
cerebral abscess
poliovirus
Guillain—Barré
(GBS)
transverse myelitis (TM)
acute hypokalemia
drug-induced neuropathy
toxin-induced dysfunction
compartment syndrome
spinal compression

syndrome

subdural hemorrhage

ventriculoperitoneal  shunt
dysfunction

intracranial hypotension

epidural bleeding

meningitis

encephalitis

cerebral tumor
intermittent hydrocephalus
pseudotumor cerebri

subarachnoid hemorrhage
ischemic stroke

cerebral hemorrhage
vascular dissection

venous sinus thrombosis
pituitary hemorrhage

stroke/TIA
brachial or lumba
plexopathy
acute demyelinating

encephalomyelitis (ADEM)
Guillain—Barré syndrome
(GBS)

heavy metal poisoning
other (food) poisoning
rheumatoid arthritis
SLE
granulomatosis
syndrome)
microscopic polyangiitis
partial epileptic attack
intravascular lymphoma
neuro-Behcet 's disease

(Wegener

hypertensive
encephalopathy
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2. APPLICATION OF THE BALLOON-TRACKING TECHNIQUE IN THE RECANALIZATION OF
TANDEM |CA-MCA OCCLUSIONS IN PATIENTS WITH ACUTE ISCHEMIC STROKE

Between June 2013 and December 2020, 592 patients with acute
ischemic stroke were treated by endovascular recanalization at our
Institution (Neurovascular and Interventional Unit, Somogy County Moritz
Kaposi Teaching Hospital) in Kaposvar. Tandem occlusion of the ICA and
MCA was the primary pathomechanism in 113 (19%) cases. Of these
patients 6 (5%) were excluded from the analysis because of having
proximal ICA dissection as pathomechanism. The remaining 107 (77,
72% male, median age 66 years, range 45-87 years) cases with
atherosclerotic origin were included in the study. The median (IQR, range)
for ASPECTS and NIHSS on admission were 8 (2, 3-10) and 14 (6, 3-22),
respectively. Median onset-to-groin time was 346 minutes (158-1405
minutes), median total procedural time was 51 minutes (10-178 minutes)
and the median time from groin puncture to the passage of the 8F guide
catheter into the cervical segment of the ICA through the thrombosed
plaque was 16 minutes (5-108 minutes). Successful recanalization of the
cervical ICA could be achieved in 100 (93%) cases. Details of the
unsuccessful 7 (7%) cases were: in two patients (2%) the occluded ICA
plaque could not be passed even after multiple attempts; in one patient
(1%) the mid segment of the cervical ICA and in one patient (1%) the
terminal segment of the ICA was perforated with guidewire and active
extravasation could not be sealed with a balloon, so the ICA had to be
reoccluded with coils; in three cases (3%) the microguidewire penetrated
into the subintimal space during the ICA recanalization attempt and no
reentry could be achieved at any level even after multiple attempts.
Successful intracranial recanalization, defined asTICI2b-3 was achieved
in 88 (82%) patients, thereof TICI2b in 50 (46.7%) and TICI3 in 38 (35.5%)

cases. Bail-out stenting of the intracranial ICA and/or the MCA using a
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bare-metal coronary stent was required in 3 (3%) cases. Attempts of
intracranial revascularization following the successful recanalization of
the cervical ICA failed in 12 (11%) patients, resulting in TICIO in 1 (1%)
and TICI2a in 11 (10%) cases. Intraprocedural stent implantation in the
proximal ICA followed by balloon angioplasty was performed in 40 (37%)
patients due to high-grade (>70%) residual stenotic lesion resistant to
angioplasty, flow limiting dissection and/or visible floating thrombus on the
recanalized ICA plaque. Wallstent (Boston Scientific) was used in 80%
(32/40) and Roadsaver (Terumo) stent in the remaining 20% (8/40) of
these emergent stenting cases. Regular ultrasound (US) follow-up of
patients with emergent stenting was available in 20 (50%) cases and
revealed complete stent patency, without high-grade in-stent restenosis
in 19 (98%) of the patients. Delayed occlusion of the stent implanted in
the acute setting occluded in 1 (2%) of the case, and the single ICA stent
reocclusion case was asymptomatic. Out of the 60 cases without
emergent stent implantation, 7 (12%) patients died during the acute
postoperative period and 11 (18%) patients were lost to follow-up after
discharge. Out of the 42 (70%) patients with regular US follow-up of the
recanalized ICA, 6 (10%) reoccluded without any newly developed
neurological deficit and 21 (35%) received delayed stent placement due
to asymptomatic, but progressive high-grade restenosis (>70%) in a
second session, giving a combined rate of reocclusion and
revascularization of 45% (27/60). The combined rate of emergent and
delayed stenting was 61% (61/100). Intraprocedural complications
occurred in 9 (8%) patients: subarachnoid hemorrhage Fisher grade 1 in
7 (6%) cases, intracranial vessel perforation resulting in Fisher grade 4
subarachnoid hemorrhage in 1 (1%) case and termination of the
procedure due to extracranial vessel perforation in 1 (1%) case. None of
the complications were related to the BAT technique. In two cases (2%),
embolization into new vascular territories occurred. In both procedures,
the proximal ICA occlusion was passed as described, then selective ICA

injection revealed a proximal MCA occlusion, which was recanalized with
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a stent-retriever using the SOLUMBRA technique, resulting in TICI2a and
TICI2b recanalization of the affected vascular territories; however,
peripheral emboli in the ipsilateral anterior cerebral artery were seen in
both cases. Clinical follow-up 3 months later revealed mRS 1 and mRS O
in the patients with TICI2a and TICI2b recanalization, respectively. The
rate of postprocedural adverse events was 6 (5%). Intracerebral
hemorrhage (ICH) developed in 4 (4%) cases (type 1 and 2 in 2 and 2
cases, respectively). A non-significant trend could be observed towards
developing an ICH following emergent stent implantation (p= 0,407, OR=
3,15, 95% ClI= 0,35-27,94). Space-occupying infarction of the affected
brain area developed in 2 (2%) patients, requiring craniectomy in 1(1%)
case. The development of ICH and space-occupying infarction was not
significantly associated with differences in adequate reperfusion: 67%
(4/6) versus 33% (2/6) in patients with successful versus unsuccessful
recanalization, but the odds of developing a postprocedural adverse event
were higher in patients with successful revascularization (p= 0,148, OR=
3,12, 95%CI= 0,68-14,29). Good functional outcome (MRS 0-2) at 3
months was observed in 54 (50%) patients, 27 (25%) patients were still
severely disabled (MRS 3-5) at 3 months and 26 (24%) patients died
(mRS 6) before the follow up at 3 months. Successful intracranial
recanalization was significantly associated with good clinical outcome
(mRS 0-2): 59% (52/88) in the TICI2b-3 group versus 11% (2/19) in the
TICIO0-2a group, (p< 0.001, OR= 12,28, 95% Cl= 2.67-56.45). Emergent
stenting versus angioplasty did not significantly influence the rate of
favorable clinical results, although there was a trend towards good clinical
outcome in stented group (MRS 0-2 in the emergent stenting group: 58%,
23/40; mRS 0-2 in angioplasty group 52%, 31/60; p=0,261, OR= 1,57,
95% CIl= 0,71-3,46). Mortality was not affected by emergent stenting
(p=0.737, OR= 1.17,95% CI= 0.46-2.95). A summary of demographic,
baseline medical, neurological, imaging, procedural and follow-up data

are given in Table 1.
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Table 2. Summary of demographic, baseline medical, neurological,

imaging, procedural and follow-up data.

Number of patients (n)

Baseline characteristics

Age [years] (median, range)

Male n (%)

Left-hemispheric stroke n (%)

Arterial hypertension n (%)

Atrial fibrillation n (%)

Diabetes mellitus n (%)
Dyslipidemia/Obesity n (%)

NIHSS baseline [median, IQR (range)]
IVT n (%)

ASPECTS baseline [median, IQR (range)]
Occlusion site

CCA-ICA-MCA n (%)

ICA-MCA n (%)

ICA-ACA n (%)

Time intervals, procedural data

Onset to groin [min] (median, range)

Groin to ICA passage [min] (median, range)

Groin to complete revascularization [min] (median, range)
Successful reperfusion ICA/intracranial (TICI 2b-3) n (%)
TICI 2B recanalization n (%)

TICI 3 recanalization n (%)

Intraprocedural ICA stent implantation n (%)
Intraprocedural complications n (%)

Postprocedural adverse events n (%)

Clinical outcome
MRS <=2 at 90 days n (%)

Mortality at 90 days n (%)

Delayed proximal ICA revascularization with stent implantation n
(%)

Delayed reocclusion / stent thrombosis n (%)

107

66 (45-87)
77 (72%)
62 (58%)
79 (74%)
5 (5%)
31 (29%)
7 (7%)
14, 6 (3-22)
47 (44%)
8, 2 (3-10)

2 (2%)
104 (97%)
1 (1%)

346 (158-1405)
16 (5-108)
51 (10-178)

100 (93%) / 88 (82%)

50 (47%)

38 (36%)

40 (37%)
9 (8%)
6 (5%)

54 (50%)
26 (24%)
21 (31%)

6 (10%) / 1(2%)
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3. DIAGNOSTIC VALUE OF CT ANGIOGRAPHY IN THE FOLLOW-UP OF ICA STENTS AND

DETECTION OF IN-STENT RESTENOTIC LESIONS

54 consecutive patients with 72 stents (47 cervical carotid, one
brachiocephalic trunk, 5 subclavian, 11 ostial vertebral and 8 intracranial)
were evaluated. 21 (29%) stents were suspected restenotic. In 11
instances, these patients with suspected restenosis underwent catheter
based digital subtraction angiography. 5 patients had significant
restenosis, 6 did not. In another group of patients twenty conventional
digital subtraction angiographies were performed after the CT
angiography. The sensitivity of CT angiography was 67% and the
specificity was 91%. The negative predictive value was much stronger
than the positive predictive value (95%, 50% respectively). Thirty-four
patients underwent extracranial carotid artery stenting in our study group.
In this group results obtained from CT angiography were compared with
duplex ultrasonography which has gained wide acceptance to estimate
restenosis rate. More than 70% of these cases with suspected restenosis
found on ultrasonography was confirmed with CT angiography and in only
four cases additional invasive procedures had to be done to confirm the
diagnosis. Color Doppler ultrasound (CDUS) had a sensitivity of 92% and
a specificity of 62% in our cohort, and this method also has a strong

negative predictive value.

39



DISCUSSION

1. SPECIAL CASE OF MIGRAINE AS A STROKE MIMIC

Differential diagnosis of stroke and migraine with aura of hemiplegic
migraine, especially in cases of first attack in childhood is very
challenging, detailed laboratory and imaging studies are required,
symptoms must be closely monitored. To the best of our knowledge, the
presented case is the first case of HM in Hungary in which the spasm of
the branches of the large arteries supplying the cerebral area responsible
for the symptoms was confirmed by imaging during an attack. The
presented case confirms the role of acute MRI in the differential diagnosis
of acute diseases with severe neurological symptoms in childhood and

may help us understand the pathomechanism of HM as well.

2. APPLICATION OF THE BALLOON-TRACKING TECHNIQUE IN THE ENDOVASCULAR
TREATMENT OF ICA OCCLUSIONS

Although there is a rapid expansion in the literature on the treatment of
tandem occlusions in acute ischemic stroke recently, key aspects
including distal-to-proximal versus proximal-to-distal recanalization
approach, placement versus non-placement of a stent in the acute setting,
perioperative and postoperative antithrombotic medication and the role of
embolic protection devices are still debated. The pathophysiology of the
disease is a combination of several distinct vascular and hemostatic
pathologies: atherothrombosis, artery-to-artery thromboembolism and
less frequently dissection. [66] In severe atherosclerotic carotid disease,
a progressive high-grade stenotic lesion at the origin of the ICA will
gradually slow down the flow in the cervical segment; however, apart from

atruly isolated ICA combined with a high-grade stenotic lesion at the ECA
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origin, flow in the intracranial ICA segment is maintained through the circle
of Willis (COW) and the ECA-to-ICA collaterals, most importantly the
ethmoidal-ophthalmic and meningo-ophthalmic collateral pathways. In
the moment of occlusion of the ICA plaque, as a consequence of the
rupture of the unstable thinned fibrotic cap and subsequent thrombosis of
the already filiform lumen, the cervical segment of the ICA begins to fill up
with large amount of fresh thrombotic material, followed by one of three
possible sequences: (i) the ICA fills up with thrombus up to the inflow of
the most proximal ECA or COW collateral, through which the arterial
supply of the dependent intracranial arteries is maintained uninterrupted,
resulting in an asymptomatic ICA occlusion, with a prevalence of 16%
according to a meta-analysis of data from 4406 patients [67]; (ii) until the
cervical ICA segment is not completely thrombosed, the growing
occlusive thrombus at the origin of the ICA can be flushed distally, leading
to an intracranial large-vessel occlusion. In this case, an M1 or ICA-T
lesion is seen on angiography, together with a preocclusive filiform
stenosis at the origin of the ICA. This scenario might result in the so-called
pseudo-occlusion phenomenon on CTA [68]; (iii) thrombotic occlusion of
the atherosclerotic lesion at the ICA origin, with the angiographic image
of a tiny stump at the ICA origin and absence of flow in the cervical
segment and the dependent intracranial branches. This third pathology
can be de facto named tandem occlusion and only patients having this
type of lesion were included in our study. The key steps of the
recanalization are the safe passage of the ICA plaque with the microwire
avoiding perforation and dissection, and the access of the cervical ICA
segment with a large lumen catheter for aspiration and further intracranial
recanalization. In our opinion, emergent implantation of a stent in the ICA
origin to facilitate access to the cervical and intracranial segments before
removing the bulk of the thrombotic material from the cervical ICA might
be counterproductive and in cases of heavily calcified plaques and/or
extensive supra-aortic elongation, the struts of a partially wall-adapted

stent can indeed hamper the access to the ICA and can result in serious
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difficulties at the withdrawal of a stent-retriever during the intracranial
recanalization. There is no consensus in the literature regarding the
extracranial versus intracranial first approach. A recent meta-analysis of
data from the German Stroke Registry (GSR) with endovascular
treatment of 607 AIS patients with tandem lesions found significantly
shorter procedural times (53,5 versus 72,0min) and a higher
nonsignificant probability of successful reperfusion defined as mTICI2b/3
(92,1% versus 86,1%) and good clinical outcome (45,8% versus 33,0%)
using the intracranial first approach. [69] In the present work, the BAT
technique allowed the exquisite use of the extracranial first approach in
all the cases, with a median total procedural time of 51 min combined with
a good clinical outcome rate of 50%. Interestingly, the better clinical
outcome in our cohort was achieved with poorer reperfusion success rate
(86,1% in GSR versus 82% in our cohort). A possible explanation would
be the higher rates of periprocedural complications in the GSR
extracranial-first cohort (24% versus 8%), although it should be noted that
only severe complications are reported in our cohort, whereas minor
complications, such as vasospasm and high proportion of not detailed
(other) complications are included in the GSR data, limiting the
possibilities of comparison. In the present series, the large lumen guiding
catheter could safely be inserted into the occluded cervical ICA segment
over the thrombosed plaque using the BAT technique in all cases, without
the need for a stent implantation. The primary angioplasty of the ICA
plague is done with a 4 mm balloon, which is only slightly larger than the
catheter, resulting in recoiling of the plaque and the proximal ICA around
the perimeter of the catheter, providing flow arrest and thereby an
inherent proximal protection against embolization during intracranial
thrombectomy/aspiration, eliminating the need of an embolic protection
device. For the same reason, balloon guide catheters were not used, as
in our experience the additional benefit of embolic protection is offset by
poorer navigability due to the stiffness of these catheters in elongated

vessels. Tortuosity of the cervical ICA is commonly encountered,
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especially in older patients, usually involving the proximal segment with
angles ranging from 90° up to 140-150°. The use of an atraumatic
technique during the recanalization of these vessels of paramount
importance. In these cases, we tracked the half-deflated balloon on a
longer distance with the guiding catheter, using it practically as a
streamlined stylet together with the micro guidewire, slightly straightening
the tortuous, kinked ICA segment. Additionally, careful torquation of the
guiding catheter with an angulated tip allowed the operator to adapt the
outline the microwire-balloon guiding catheter structure to follow as much
as possible the course of the ICA. Accordingly, none of the unsuccessful
ICA recanalization attempts were attributed to the elongation of the ICA.
Using the BAT technique, tiny emboli in new territories were detected only
in 2 patients, both of them recovering to MRS 0-1 at the 3 months clinical
follow-up. In selecting the appropriate catheter for the recanalization of
the occluded ICA, the operator must balance between stability that is
especially important in cases of extensive supra-aortic elongation, found
mostly in older patients and requires a certain degree of rigidity of the
proximal segment of the catheter for good maneuverability through the
thrombosed and often stiff and calcified ICA plaque and an atraumatic
distal tip, as the wall of the collapsed cervical ICA becomes more prone
to injury in response to mechanical manipulation, easily resulting in
iatrogenic dissection, which may completely block further recanalization
efforts. In the presented patient cohort, the 8F guide catheter Guider
Softip (Boston Scientific) provided a good combination of proximal
stability and atraumatic distal tip. The emergence of large-bore aspiration
catheters, e.g. ACE68 (Penumbra Inc., Alameda, CA, USA) or SOFIA
Plus 6F (Microvention) and the evidence supporting the safety and
efficacy of first-line thrombectomy with contact aspiration (ASTER trial)
has changed the standard practice for intracranial revascularization. [70]
The design of large-bore aspiration catheters with numerous transition
zones in the shaft facilitates stability and pushability in the proximal

portion and trackability through tortuous vessels in the distal segment and
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the main purpose of these catheters is to deliver aspiration vacuum to the
distal tip of the catheter; however, in order to remain atraumatic, the distal
tip of these catheters is prone to external compression, which at least in
our hands, substantially limits their ability to penetrate the rigid
atherosclerotic plaque at the ICA origin. During the advancement of the
catheter over the plaque, the half-deflated balloon hangs out of the
catheter tip like a streamlined stylet, facilitating the passage over the
irregular surfaced plague and preventing the razor-like effect of the rim of
the catheter on the vessel wall, minimizing the risk of iatrogenic
dissection. [37] Accordingly, there were no procedural complications
attributable to the BAT technique in the present series. Potential
disadvantages of the BAT technique should however be noted. In cases
of plaque dissection, unnoticed by the operator prior to the angioplasty,
the inflation of the balloon can lead to progression of the intimal tear,
rendering further recanalization attempts impossible and extreme cases
can result in vessel perforation and serious extravasation. On the other
hand, the undersized balloon, and the narrow diameter of the guiding
catheter relative to the terminal CCA and proximal ICA might prove
insufficient to efficiently prevent distal embolization following the
recanalization of the occluded proximal plague. In our experience, a steep
learning curve can be achieved with the technique, bypassing the
abovementioned potential disadvantages. Following the successful
recanalization of the ICA and the intracranial arteries, the large lumen
catheter is withdrawn into the CCA while access is maintained by a
microwire left behind in the ICA and the status of the recanalized ICA
origin is assessed. Stent implantation is deemed mandatory only in the
case of acute or imminent reocclusion, flow-limiting dissection or large
apposed thrombus on the plaque surface and was performed in 37% of
the patients in the present series, which is lower compared to the 54%
reported in the STRATIS EVT registry. [71] There was no significant
difference in good clinical outcome and mortality between patients treated

with emergent stenting versus angioplasty alone, supporting the findings
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of a recent meta-analysis. [72] Another recent meta-analysis found a non-
significant trend in good clinical outcome favoring emergent stenting over
angioplasty with a cumulative OR of 1,43, albeit combined with a trend
towards increased rates of symptomatic ICH in patients undergoing
emergent stenting. [73] Similar, non-significant trends can be observed in
our data as well, with emergent stenting associated with favorable clinical
outcome (OR 1,57) and increased rates of ICH (OR 3,15), but not
affecting mortality. Interestingly, there is a non-significant trend towards
postoperative complications favoring successful recanalization (OR 3,12).
We assume that this reflects the fact that both ICH and malignant
infarctions are reperfusion injuries, hence a successful revascularization
will theoretically increase the odds. Patients who did not receive stents in
the acute setting were closely followed-up by Doppler-US and high-grade
recurrent lesions were regarded as progressive, symptomatic high-grade
ICA stenotic lesions even in the absence of recurrent symptoms and were
preventively treated by stenting and angioplasty. We pursued this policy
to prevent reocclusion, although this occurred in 10% of patients with
follow-up anyway and all the reocclusions were asymptomatic. The
combined rate of reocclusion and repeated revascularization in patients
receiving only angioplasty in the acute setting was 45%, which is relatively
high, but on the other hand all these lesions remained asymptomatic.
Future prospective randomized studies should clarify the role of emergent
and delayed stenting in tandem occlusion. [74] This single center
retrospective analysis has some limitations. The observational and
nonrandomized design is subject to methodologic and selection biases
inherent in this form of study. The imaging findings were not confirmed
using a core lab. There may be bias due to patients lost to follow-up and

missing data in the retrospective dataset.
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3. CTA AS A FOLLOW-UP IMAGING MODALITY FOR SUPRA-AORTIC STENTS

The accurate assessment of supra-aortic stenosis and restenosis is
crucial for planning of stenting or reinterventions. 64-multi-slice dual
energy CT angiography is a valuable imaging modality for the follow-up
of patients after supra-aortic stenting including intracranial interventions
even though it has its limitations. It has a high negative predictive value,
but in ambiguous cases and suspected restenosis further, even invasive
follow up should be carried out. With a properly performed CT
angiography and adequate post processing high quality images can be
obtained noninvasively to facilitate patient comfort and satisfaction. Other
advantages of CT angiography are the detection of the whole supra-aortic
vasculature sometimes with incidental findings. Figure 4 shows a patient’s

cervical and intracranial stents followed with CTA and DSA.
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Figure 4. 55-year-old male patient with symptomatic left ICA and BA
stenosis, which were treated with balloon angioplasty and stenting. After
2 years of invasive follow up we performed CT angiography, which did not

show any restenosis in neither location.

SUMMARY

Stroke is the second leading cause of death and responsible for
approximately 11% of total deaths. However, stroke plays an important
role in the social and economic burdens because it is the major cause of
long lasting disability. The development of imaging techniques has led to
significant advances in diagnostic workup, treatment and prevention of
stroke. Rapid and proper diagnostic procedures are indispensable for
accurate diagnosis. However, identification of stroke in medical work
leads to the most common misdiagnosis. [75] Newly developed
recanalization techniques have significantly changed the outcome of

stroke. Furthermore, management of significant stenosis preceding
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cerebral artery occlusion can reduce the risk of an impending stroke. In
this thesis, we investigated how to change the outcome of this relentless
disease by examining these three factors (imaging, prevention and
treatment), validating the imaging methods used and applying a new
recanalization procedure. In the first part, we analyzed one of the most
common stroke mimics, the most severe form of migraine which is the
hemiplegic migraine. The neurologically symptomatic form of migraine
especially when it occurs for the first time as in our case is almost
impossible to distinguish from acute ischemic stroke. In our case, an
event with severe symptoms and impaired consciousness led to the
suspicion of a stroke. The complex MRI scan showed a significant
reduction of the circulation in the left middle cerebral arterial territory, but
diffusion images confirmed the integrity of the brain tissue despite the
detected circulatory disturbance. Thus, intravenous thrombolysis
treatment was safely avoided, and the patient's neurological symptoms
resolved spontaneously. Cerebrospinal fluid 5-HIAA level during the
attack confirmed the underlying migraine mechanism, as a result
confirming the diagnosis of hemiplegic migraine. To the best of our
knowledge concurrent imaging and cerebrospinal fluid chemistry during
the attack has not been available to date. Our findings may also shed light
on a detail of the pathomechanism of migraine. The presented specific
case confirms the role of acute MRI in the differential diagnosis of acute
diseases with severe neurological symptoms in childhood or even
adulthood.

Tandem occlusive lesions in AIS have a naturally bad prognosis with or
without treatment compared to other strokes, with up to 69% causing
severe residual symptoms or even death. In tandem occlusions, the
recanalization success rate of intravenous thrombolysis for this subgroup
is also moderate compared to the overall success rate of intravenous
thrombolysis in acute ischemic stroke (9-22% vs. 66%, respectively). [76]
In TO cases, endovascular recanalization is particularly challenging, as

safe passage through a blocked or severely narrowed lumen is more
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difficult than usual and the razor-like effect of the devices that are passed
through can cause further complications. An additional problem can also
be that the opening of the thrombotic-atherosclerotic occlusion and the
thrombectomy of the distal thromboembolism require different
endovascular techniques and paradigms. Despite the exponential growth
of the literature on endovascular treatment of TO, to date there is no clear
recommendation for safe and effective recanalization of occluded ICA
plague in the cervical region. A key step in the recanalization of TO
patients is the passage through the cervical ICA plaque. A preliminary
meta-analysis on this has shown that a shorter procedural time, a higher
probability of recanalization and a better outcome can be expected with
an intracranial first approach. Therefore, a special technique the balloon
assisted tracking technique (BAT) was used in 107 acute stroke patients
with TO with the aim of minimizing additional intracranial embolization. In
the second part of the thesis, we present our experience with the BAT
technique. The technique in detail with a schematic drawing is described.
Nevertheless, its applicability, feasibility, safety and efficacy are reported.
In our study, the median ASPECTS was 8, NIHSS was 14, median onset-
to-groin time was 346 minutes, and the time from puncture to passage of
the guide catheter through the cervical segment was 16 minutes. The
successful recanalization rate was 93%. Intraprocedural stenting was
required in 37% due to high grade residual stenosis, floating thrombus or
flow limiting dissection of the cervical ICA segment.

Good functional outcome (MRS 0-2) at 3 months was observed in 50%.
25% were still severely disabled (MRS 3-5) at 3 months and 24% died
(mRS 6) before the follow up at 3 months.

The results of endovascular recanalization in TO patients using the BAT
technique were compared with the data in the literature due to our study
design. Based on our data we can conclude that:

1. The number of cases from a single trial performed under the same

conditions is one of the highest.
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2. Patients with TO treated with the BAT technique required
periprocedural stenting less frequently.

3. In our cases, the recanalization success rate exceeded the data in the
literature (93% vs. 85%).

4. The rate of good functional outcome reached and slightly exceeded
that found in the literature in non-TO patients, while mortality was the

same.

According to literature after preventive treatment of supra-aortic stenosis
with stenting, restenosis is expected to develop in as high as 31% of
patients in the first six months. It is therefore crucial to identify restenosis
at an early stage, especially if it develops without clinical signs. We
compared the effectiveness of possible methods of follow-up for
restenosis after stenting. Evaluating our results, we found that
noninvasive CT angiography has a high negative predictive value (95%)
and only patients with a suspected restenosis on CT angiography should
be invasively examined with DSA. In another evaluation, we compared
the flow of 34 extracranial carotid stents with CT angiography and Color
Doppler ultrasound scans. The comparison showed a very close
concordance of results. Based on our results noninvasive carotid
ultrasound is a suitable method to assess the flow of an extracranial

carotid stent and the development of possible restenosis.

SUMMARY OF THE NOVEL RESULTS PRESENTED IN THIS THESIS

1. To the best of our knowledge, the presented case of an adolescent with
hemiplegic migraine is the first case in Hungary in which the spasm of the
branches of the large arteries supplying the cerebral area responsible for
the symptoms was confirmed by imaging during an attack. The presented

case points out and confirms the role of acute non-invasive vascular
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imaging in the differential diagnosis of acute diseases with severe
neurological symptoms in childhood or adulthood to diagnose or rule out
stroke mimics and may help us understand the pathomechanism of

hemiplegic migraine as well.

2. A detailed description of a novel recanalization technique (BAT

technique) has been illustrated with precise drawings and examples.

3. The applicability, feasibility, efficacy and safety of a novel method
known as the balloon-assisted tracking technique in the endovascular
recanalization of tandem internal carotid artery occlusion in acute

ischemic stroke has been demonstrated in a larger patient cohort.

4. For follow-up after supra-aortic stent implantation a properly performed
CT angiography with an at least 64-section dual energy scanner, followed
by adequate post processing high quality images can be obtained
noninvasively to facilitate patient comfort and satisfaction, nonetheless

restenosis can be ruled out with confidence.
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APPENDIX 1: CHILDHOOD SPORADIC HEMIPLEGIC MIGRAINE WITH MIDDLE
CEREBRAL ARTERY HYPOPERFUSION
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A migrén egy ritka formdjdban, a hemiplegids migrénben
(HM) az aura sordn reverzibilis motoros gyengeség lép fel.
A migrénnek ez a tipusa gyakran gyermekkorban kezdédik,
jelent8ségét az elsé roham differencidldiagnosztikai
nehézsége adja. Jelen kézleményben egy hemiplegids
migrénes gyermek esetét mutatjuk be, akinél a féloldali hul-
|[dmz4 intenzitdsy motoros tinetek és afédzia miatt elsék
kozott ischaemids stroke gyantja merilt fel, azonban az
elvégzett képalkoté vizsgdlatok, az 5-hidroxi-indolacetdt (5-
OH-IA) -meghatdrozés és a roham uténi spontdn, rapidan
javuld klinikai kép a HM diagnézisat erésitette meg. A
roham alatt elvégzett MR és MR-angiogrdfia nagyban
elésegitette a diagnézist. A HM familidris és sporadikus for-
mdinak elkilénitése genetikai vizsgdlatokkal lehetséges.

Kulesszavak: hemiplegids migrén, TIA, MRI, MRA,
5-OH-IA
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Hemiplegic migraine is a rare subtype of migraine that is
associated with reversible motor weakness in the aura
phase. This is an uncommon form of migraine usually start-
ing in childhood. The purpose of this case report is to high-
light the differential diagnostic difficulty of the first attack.
We describe a case, where the fluctuating unilateral motor
weakness and aphasia suggested that the patient had
ischaemic stroke. Nevertheless the brain MRl and MR
angiography, the measured 5-hydroxyindole acetic acid (5-
HIAA) concentration changes and the spontaneously
improving clinical status proved the diagnosis of hemiplegic
migraine. The MRl and MR angiography was very beneficial
in establishing the correct diagnosis in this case. To distin-
guish between the familiar and sporadic type of hemiplegic
migraine further genetic fests can be carried out.

Keywords: hemiplegic migraine, TIA, MRI, MRA,
5-HIAA
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migrén a lakossdg 10-15%-at érinti, ezzel a
leggyakoribb primer fejfajas gyermek- és ser-
diil6korban'. A hemiplegias migrén (HM) ritka for-
maja a fejfajasoknak, mely gyakran gyermekkorban
kezd6édik®. A HM kiilonosen ritka formaja a tudat-
zavarral jaré roham. A rohamok gyakorisaga valto-

Elfogadva: 2017. julius 31.

70, jelentdségét azonban az elsé roham differencial-
diagnosztikai nehézsége okozza. A fejfajasok
érvényben 1évé nemzetkodzi osztilyozasa alapjan
HM-r6l abban az esetben beszéliink, ha a betegnek
legalabb két, teljesen reverzibilis motoros ¢s szen-
zoros tiinetekkel, valamint beszédzavarral jaro
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aurdja jelentkezett, a tiinetek koziil legalabb egy
féloldali és a motoros tiinetek nem tartanak 72 ora-
nal tovabb’.

A csaladi halmozodas megléte vagy hianya alap-
jén a HM lehet familidris vagy sporadikus. A gene-
tikai vizsgélatok azonban érdemben nem segitik a
HM diagnozisat, mivel a betegség genetikailag
nagyon heterogén. Hatterében a mai napig harom
felelés gént azonositottak. Ezek a CACNAIA, az
ATP1A2 és az SCN1A gének, de ennél sokkal tobb,
eddig ismeretlen génrdl lehet sz6 az azonos klinikai
kép hatterében. A tiinettani megjelenés alapjan nem
lehet elkiiloniteni az 6roklédé format a sporadikus-
tol, tovabba a familiaris forma eddig azonositott
harom altipusat sem. Igy a familiaris HM diagnozi-
sat megerdsiti a pozitiv genetikai vizsgalat, de
negativ genetikai vizsgalat sem zarja ki a herediter
format. Egyes HM-betegeknél mas, ez idaig még
nem azonositott gének is érintettek lehetnek a
betegség kialakulasaban. Az SCN1A-mutaciot hor-
dozd beteg esetén nagyobb a valoszinlisége a tovab-
bi neuroldgiai tiinetek (kronikus ataxia vagy epilep-
szia) megjelenésének. A familiaris HM-es betegek-
nél a CACNAIA gén tobb mint 30 kiilonb6zo
mutacidja, az ATP1A2 gén tobb mint 60 mutacidja
¢és az SCN1A gén mindodssze négy kiilonboz6é muta-
cidja ismert’.

A patomechanizmusban nagy valdszinliséggel a
kérgi tigynevezett spreading depression, vagyis az
agykéreg rovid lokalis idegi izgalom altal kival-
tott, majd tovaterjedd excitacidja €s az idegsejtek
funcki6janak ezt kovetd gatlasa altal okozott
reverzibilis diszfunkcioja jatszik donto szerepet.
Ritka betegségrol 1évén szo, az irodalomban eddig
Osszesen hozzavetdleg 200 sporadikus HM-es
esetrdl szamoltak be, a familiaris forma prevalen-
cidgja 0,003%-ra tehetd’. Kozleménylnkben egy
sporadikus HM miatt vizsgalt gyermek esetét
mutatjuk be.

Esetbemutatas

A 13 éves leany bal oldali temporalis fejfajas, ehhez
tarsulo hanyas, beszédzavar ¢és zavartsdg miatt
kertilt felvételre a slirgdsségi ambulanciara. A fejfa-
jas jellege liiktetd volt, kdzepesnél erésebb (VAS
5), id6tartama tobb oraval meghaladta az auratiine-
teket. A fajdalmat fény- és hangkeriilés kisérte és a
fizikai aktivitas rosszabbitotta. A fejfajasara vonat-
kozo kérdésekre természetesen csak a tudatzavar és
az afazia megszlinte utani napokban kaptunk vala-
szokat a betegtol. A felvételkor késziilt koponya-
CT-vizsgéalatot kdvetden progresszid, arcaszimmet-
ria, a jobb oldali arcfél elmaradésa és a jobb oldali

végtagok enyhe foku paresise jelentkezett, a beteg
tiinetei, zavartsaga, beszédzavara hullamzé lefo-
lyast mutattak. Felvételét kovetéen neurologiai
tiinetei tovabb progredialtak, szenzomotoros afazia,
dezorientaltsag ¢és aluszékonysag jelentkezett.
Tudatallapota felvételét kovetden 5-6 oran keresz-
tiil somnolentia-sopor hataran hullamzott. A liquor
rutin laboratoriumi €s mikroszkopos vizsgalata elté-
rést nem mutatott, valamint a liquor-ELFO sorén is
normalis fehérjekép latszott. Kezdetben a herpes
encephalitis nem volt kizarhat6, ezért aciclovirtera-
piat inditottunk. Koponya-CT-vizsgalattal koros
eltérés nem igazolddott. Koponya-MR és time-of-
flight (TOF) MRA késziilt, mely az agyallomany-
ban koros eltérést nem bizonyitott, a diffuziostlyo-
zott felvételeken friss ischaemiara utalo eltérés nem
volt megfigyelhetd (1.A és B dbra). A TOF MRA
vizsgalattal a bal oldali a. carotis interna (ICA) int-
racranialis szakaszanak ¢és az a. cerebri media
(MCA) fotorzsének mérsékelt spasmusa abrazolo-
dott (2.Aébra), az MCA-végagakban az ellenoldal-
lal 6sszehasonlitva jelentds fokt aramlasi jel kiesés
volt megfigyelhetd (3.A &bra). EEG-vizsgalattal
epilepszias mukodészavarra utald aktivitdas nem
volt észlelhetd, azonban kifejezett, bal féltekére
lokalizalodo lassu aszimmetria volt lathato.

A roham kezdetétdl szamitott 6todik oratol a
beteg tudatallapota fokozatosan rendez6dott, 24 ora
elteltével neurologiai tiinetei teljes mértékben meg-
szlintek. A beteg késobb rakérdezésre elmondta,
hogy korabban is volt mar egy alkalommal jobb-
kéz-gyengeséggel jard fejfajasos rohama, mellyel
nem fordult orvoshoz.

A roham alatt vett liquorbol 5-OH-IA-meghata-
rozas tortént, mely a normaltartomanyhoz képest
10-szeres emelkedést mutatott’. A négy nappal
késobb végzett kontroll-koponya-MR- és TOF
MRA vizsgélat allomanyi karosodast tovabbra sem
igazolt (1.C és D abra), az MRA-képeken a bal
oldali ICA- és MCA-agak roham alatt latott spas-
musa teljesen megsziint (2.B és 3.B abra).

Genetikai vizsgalatra mintat kiildtiink, azonban a
kézirat elkészitéséig eredményt nem kaptunk.

A beteg a silirgdsségi osztalyon intravénas aciclo-
vir mellett egy alkalommal metoclopramidinjekci-
ot, valamint Salsol, Isodex és Rindex infzidt ka-
pott. A gyermekosztalyos obszervacid soran pana-
szai nem ismétlodtek, otthonaba profilaktikus prop-
ranolol szedését, korai fajdalomcsillapitast (meta-
mizol, ibuprofen), Magne B -ot, D-vitamint ¢s
Q10-et javasoltunk bo folyadékfogyasztas mellett.
A kovetés soran, az elmutlt 10 honapban kétszer for-
dult el fejfajasos epizod, amiket mas panasz nem
kisért, hanyinger, beszédzavar nem volt, panaszai
per os alkalmazott metamizolra megsziintek.
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1. abra. 4 roham alatt (A, B) és a négy nappal késébb (C, D) késziilt diffiiziosulyozott (A, C) és FLAIR (B, D) MR-
szekvenciak sem friss, sem szubakut allomanyi karosodast nem igazoltak

2. dbra. A 4 roham alatt késziilt TOF MR-angiogrdfids szekvencia rekonstrukcios képein a bal oldali ICA és MCA
Jelentds foku spasmusa lathato. B A roham utani 4. napon késziilt kontroll TOF MRA vizsgalaton a spasmus teljes
oldodasa figyelheté meg

Megbeszélés riumi ¢és képalkoto vizsgalatok végzését, valamint a
tiinetek valtozasanak gondos kovetéseét.
A gyermekkorban els6 izben jelentkez6 HM-roham A migrén soran mért liquor 5-OH-IA szintre

differencialdiagnosztikai szempontbol nagy kihi- vonatkozé irodalmi adat meglehetésen kevés. A
vast jelent, mely megkivanja a részletes laborato- rendelkezésre allo tanulméanyok csaknem mind-
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3. dbra. A 4 roham alatt késziilt TOF MRA képek maxi-
mum intenzitas projekcios (MIP) rekonstrukcios képein a
bal oldali ICA és az MCA fotorzs spasmusa, valamint a
bal oldali MCA végagakban (nyilhegyek) az aramlasi jel
kiesese lathato, sulyos foku perfuzios deficitre utaloan. B
A négy nappal késobb késziilt kontroll TOF MRA szek-
vencian valamennyi abrazolt artériaban szabalyos
lumen és jo aramlas figyelheté meg

egyike a rohamok kozott 5-OH-IA csokkenést
talalt®. Migrénes rohamok alatt viszont az 5-OH-1A
szint a szérumban, a vizeletben és a liquorban is
emelkedést mutatott® 7. Auraval és spreading dep-
ression-nel jaré migrénben a szerotoninmetaboliz-
mus zavaranak szerepe megkérddjelezhetetlen® 0.
Nincs adat ugyanakkor arra, hogy stroke-ban vagy
gyulladasban a szerotoninnak a migrénhez hasonlo
kulesszerepe volna. Mindazonaltal kozleményiink-
ben a HM diagnozisat nem az 5-OH-IA emelkedett
szintjére, hanem a klinikumra alapoztuk. Az 5-OH-
IA meghatarozast azért végeztiik el, mert mintavé-
telkor korabbi hasonlé rohamrél még nem volt
tudomasunk ¢és tovabbi markereket kerestiink az
ismertetett differencialdiagnosztikai nehézségek
miatt. A tiinetek rendezddése utan felvett részletes

¢s célzott anamnézis deritett fényt arra, hogy korab-
ban is eléfordult mar egy alkalommal fejfajasos
epizod, melyhez migrald neuroldgiai tiinetek (kéz-
zsibbadas, gyengeség, beszédzavar, zavartsag) tar-
sultak. Ezek alapjan a klinikai kép mar teljesitette a
sporadikus HM ICHD-3 szerinti diagnosztikus kri-
tériumait’.

Ellentmondasosak az irodalomban az aura és a
spreading depression alatt az agyi nagyerek atméro-
jére és vérataramlasara vonatokozo adatok is. Mind
perfaziocsokkenést®, illetve -novekedést!! leirtak az
agyi keringésben a roham alatt és utan. Hianyzik
azonban az irodalombdl a betegség ritkasaga miatt
az erre vonatkozo atfog6 vizsgalat. Az ellentmondo
eredményeknek az is lehet a magyardzata, hogy a
roham lefolyésa soran nagy valdszintiséggel mind-
két lehetdség elofordul'l. Azt feltételezik, hogy a
roham egyik triggere a szerotoninfelszabadulas
lehet, mely kovetkezményes intracranialis ataram-
las csokkentést eredményez. Ezt reflexes kompen-
zacio kovet, mely az ataramlas novekedését okozza.
A kozleményekben szerepl6 eredményeket pedig az
hatarozza meg, hogy a vizsgélatot a migrén melyik
fazisaban végezték. A mi esetiinkben az MR-vizs-
galat a korai szakaszban, még a tiinetek fennallasa
alatt késziilt. Ez lehet a magyarazata a vizsgalat

A bemutatott esetet a genetikai eredmények
megérkezéséig sporadikus HM-nek tartjuk, mivel a
részletes csaladi anamnézisfelvétel nem igazolt
familiaris halmozodast, a beteg édesanyjanal csu-
pan idészakosan jelentkeznek tenzios jellegt fejfa-
jasok. A bemutatott esetben a hirtelen kialakulo és
progressziot mutatd hemitiinetek, afazia és hullam-
z6 tudatzavar miatt a stroke gyanuja kertilt el6térbe.
Gyermekeknél tudatzavar, hemiparesis, fejfajas ¢és
zsibbadas/paraesthesia esetén megfontolast igénylo
leggyakoribb allapotokat az 1. tdblazatban foglal-
tuk Ossze. Az intracranialis vérzést a koponya-CT-
vizsgalat a kivizsgalas elején kizarta, azonban az
ischaemias stroke-ot egyértelmiien az MR- ¢és
MRA-vizsgalattal tudtuk kizarni. Az MR-vizsgalat
a T2-stlyozott és FLAIR-metodussal késziilt szek-
vencidkon strukturalis allomanyi laesiot nem iga-
zolt, a diffuziosulyozott mérések (DWI) friss
ischaemiara utalo diffazibilitascsokkenést nem
mutattak, viszont a TOF MRA vizsgalat az érintett
féltekét ellatd agyi nagyartériak jelentds fokl spas-
musat igazolta. Bosemani €s munkatarsai egy
korabban kozolt, az itt bemutatotthoz hasonlo eset
kapcsan a migrén akut szakaban kontrasztanyag
adasaval késziilt MR-perfuzios méréssel (DSC-
PWI), valamint szuszceptibilitassulyozott szekven-
cia (SWI) alkalmazasaval kimutattdk az érintett
érellatasi teriileten a szoveti hipoperfuziot, illetve a
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1. tablazat. Gyermekeknél tudatzavar, hemiparesis, fejfajas és zsibbadds/paraesthesia esetén a migrénen kiviil diffe-
rencialdiagnosztikai szempontbol szoba jovo leggyakoribb allapotok. A British Medical Journal (BMJ) Best Medical
Practice ajanlasa alapjan, gyakorisagi sorrendben (forras: http://bestpractice.bmj.com/best-practice)

Tudatzavar Hemiparesis Fejfdjds Zsibbadés/paraesthesia
stroke/TIA TIA agyrazkédas gerincvel8-kompresszié

fejsérulés utani allapot
delirium

epilepszids roham utdni
4llapot
cardialis eredety
(pangdsos szivelég-
telenség, kamrai rit-
muszavarok)
hyperglycaemia
hypoglycaemia
hypernatraemia
hyponatraemia
dehidrécié (volumhidany)

hypothermia

hypoxia

hypercapnia

hepaticus encephalo-
pathia

uraemia

akut szisztémas infekcié

akut pszichézis

alkoholhatds
gyogyszerhatds
gyogyszermegvonds
ttd8embolia

vérzéses stroke
traumds agykdrosodds

hypoglycaemia

odd-paresis (postictalis
bénulds)

subduralis vérzés
subarachnoidealis vérzés
hematomyelia
hati/agyéki gerincsérilés
nyakigerinc-sérilés

agyvel8gyulladds

agytélyog
poliovirus

Guillain-Barré-szindréma

(GBS)

transzverzélis myelitis (TM)

akut hypokalemia
gyégyszer indukdlta
neuropathia

toxin indukalta diszfunkcié

kompartmentszindréoma
gerincvel8-kompresszidé

subduralis vérzés
ventriculoperitonealis sént
diszfunkcié

intracranialis hypotonia

epiduralis vérzés

agyhdrtyagyulladds
agyvel8gyulladds
cerebralis tumor
intfermittalé hydrocephalus
pseudotumor cerebri

subarachnoidealis vérzés
ischaemids stroke
agydllomanyi vérzés
érdisszekcié

vénés sinusthrombosis
agyalapimirigy-bevérzés

stroke/TIA

brachialis vagy lumbalis
plexopathia

akut demyelinisatiés
encephalomyelitis (ADEM)
Guillain-Barré-szindréma

(GBS)

nehézfém-mérgezés

egyéb (étel-) mérgezés
rheumatoid arthritis

SLE

granulomatosis (Wegener-
szindréma)

mikroszkopikus polyangitis
parcidlis epilepszids roham
infravascularis lymphoma
neuro-Behcet-kér

hypertonids encephalo-
pathia

vénas oldalon a lassult keringést és emelkedett deo-
xihemoglobin-szintet, de korai ischaemias eltérések
a DWI-szekvencian nem voltak megfigyelhet6ek!'?.
Sajnos esetlinkben az akutan végzett MR-vizsgalat
nem tartalmazott perfuzios és SWI-méréseket, a
diffuziosulyozott felvételeken korai ischaemias
eltéréseket mi sem tudtunk igazolni. A fentiek alap-
jén valoszinli korlefolyasnak a migrénes aura kez-
deti szakaszaban az érintett oldali ICA- és MCA-
agakban sulyos foku vasospasmus kialakulésa,
ennek kovetkeztében az érintett félteke perfuzidja-
nak kritikus szint ald csokkenése ¢és kovetkezmé-
nyesen neuroldgiai goctiinetek megjelenése tartha-
t6!% 13, Mivel az agyszoveti hipoperfuzio nem csok-

kent az ischaemias allomanykarosodas szempontja-
bol kritikus hatarérték (12-20 ml/100 g agyszovet/
perc) ala, igy sem az akut, sem a napokkal késébb
elvégzett kontroll-MR-vizsgédlat nem mutatott
strukturalis allomanydefektust.

Ismereteink szerint a bemutatott beteg az elsd
olyan magyarorszagi HM-eset, akinél roham alatti
képalkotassal sikeriilt igazolni tiinetekért felelds
agyi teriiletet ellatd nagyartéridk againak spasmu-
sat. A bemutatott eset megerdsiti az akut MR-vizs-
galat szerepét a gyermekkori, sulyos neurologiai
tiinetekkel jaro akut korképek differencialdiagnosz-
tikdjaban, de segitségiinkre lehet a HM betegség
patomechanizmusanak megértésében is.
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Abstract

Purpose Tandem occlusive lesions are responsible for up to 20% of acute ischemic stroke cases and are associated with
poor prognosis if complete recanalization cannot be achieved. Endovascular recanalization might be challenging due to
difficulties in the safe passage of the occluded plaque at the origin of the internal carotid artery (ICA). The balloon-assisted
tracking technique (BAT), where a partially deflated balloon is exposed out of the catheter tip to facilitate its passage
through stenosed or spastic arterial segments was introduced by interventional cardiologists and the applicability of the
technique has been recently proposed in the field of neurointervention as well. Here we describe our experience using the
BAT technique in the endovascular recanalization of tandem occlusive lesions.

Methods Procedures were performed from June 2013 to December 2020 in a single center. Baseline clinical and imaging
data, procedural and follow-up details and clinical outcomes were retrospectively collected.

Results In this study 107 patients, median age 66 years, median admission NIHSS 14 and median ASPECTS 8 were
included. Successful recanalization of the ICA using the BAT technique was achieved in 100 (93%) and successful intracra-
nial revascularization in 88 (82%) patients. There were no complications attributable to the BAT technique. Intraprocedural
complications occurred in 9 (8%) patients. Emergent stenting was performed in 40 (37%) at the end of the procedure.
Postprocedural adverse events (intracerebral hemorrhage [ICH], malignant infarction) occurred in 6 (5%) patients. Good
clinical outcome at 3 months (modified Rankin scale [mRS] 0-2) was 54 (50%) and mortality 26 (24%). Delayed stent
placement during follow-up occurred in 21 cases.

Conclusion Application of BAT technique in tandem occlusions appears feasible, safe, and efficient. Further evaluation
of this technique is awaited.

Keywords Stroke - Stent - Technique - Thrombectomy - Intervention
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Introduction

Tandem occlusion (TO) of the internal carotid artery (ICA)
is characterized by proximal occlusion of ICA, either due
to acute thrombosis of an unstable atherosclerotic plaque or
dissection, resulting in the embolic blockage of the ICA ter-
minus (ICA-T) and/or the main trunk (M1 segment) of the
middle cerebral artery (MCA). The condition is responsi-
ble for up to 20% of acute ischemic stroke (AIS) cases [1],
responds poorly to IV thrombolysis [2] and is associated
with poor prognosis without timely and successful recanal-
ization [3]. Despite the high incidence and large clinical
impact, the initial large, randomized trials showing the ef-
ficiency of endovascular treatment (EVT) of large vessel
occlusion (LVO) in acute ischemic stroke either did not re-
port key technical and clinical results from this subgroup
or entirely excluded these patients from the analysis [4].
This is likely explained at least in part by the fact that tan-
dem occlusions challenge the surgeon with a thrombotic-
atherosclerotic (occluded plaque at the origin of the ICA)
and a thromboembolic (distal ICA and/or MCA occlusion)
pathology at the same time, each requiring different en-
dovascular techniques and paradigms. Successful penetra-
tion of the thrombosed plaque at the origin of the ICA
with a large lumen catheter is the first and key step in the
procedure to provide sufficient back-up for the intracranial
recanalization and to aspirate thrombotic material from the
cervical ICA segment, if necessary. Elongated supra-aortic
arteries, angulated origin of the ICA and the stiff and of-
ten calcified plaque make the penetration of the ICA lumen
difficult with risk of vessel perforation, whereas iatrogenic
dissection of the ICA and penetration of a false lumen with
a large catheter can render the intervention unsuccessful
right at the beginning of the procedure.

Although the literature on the endovascular treatment
of TO in AIS is rapidly expanding, data on the safe and
efficient maneuvers for the recanalization of the occluded
ICA plaque are still sparse. The balloon-assisted tracking
technique (BAT), where a partially deflated balloon is ex-
posed out of the catheter tip to facilitate its passage through
stenosed or spastic arterial segments was introduced by in-
terventional cardiologists [5], and recent case studies pro-
posed the applicability of the technique in the field of neu-
rointerventions as well [6-8].

In the present study we report our experience with the
BAT technique in the endovascular recanalization of 107
AIS patients with tandem occlusion.

@ Springer

Methods
Study Design and Patient Selection

A retrospective analysis of patients treated with tandem
ICA-MCA occlusion between June 2013 and December
2020 at the Neurovascular Unit of the Moritz Kaposi Teach-
ing Hospital, Kaposvar, Hungary was performed. Consec-
utive patients were included matching the following crite-
ria: AIS explained by occlusion of an intracranial segment
(carotid-T or MCA) of the anterior circulation and addi-
tional ipsilateral proximal ICA occlusion of atherosclerotic
origin (i.e. tandem occlusion) verified by CT angiography
and eligible for endovascular recanalization according to
the guidelines set forth by the American Heart Associa-
tion/American Stroke Association for the management of
patients with AIS and the Society of Neurointerventional
Surgery [9]. Only cases with complete (100%) occlusion
of the proximal ICA were included in the analysis. Pa-
tients with ICA dissections were excluded due to the differ-
ent nature of disease. In all included patients endovascular
recanalization of the occluded ICA was performed on an
emergency basis using the BAT technique described below.

A head CT scan was performed at admission and im-
mediately postprocedurally. Neurological status at admis-
sion including National Institutes of Health Stroke Scale
(NIHSS) score and i.v. lysis eligibility was assessed by a
stroke neurologist. Functional outcome defined by the mod-
ified Rankin scale (mRS) was assessed at least 3 months
after the intervention by outpatient visit or telephone inter-
view.

Data Collection

Recorded baseline data included age, sex, history of hyper-
tension, atrial fibrillation, diabetes and dyslipidemia. Ad-
mission clinical parameters such as CT ASPECTS score,
NIHSS score, ictus to needle time, occlusion site, use of
recombinant tissue plasminogen activator (rtPA) adminis-
tration were also retrieved. The CT imaging data were re-
viewed by the radiologist on call and the interventionalist
performing the treatment in all cases and ASPECTS values
were determined by consensus. eASPECTS, an automated
software for determining ASPECTS (Brainomix Limited,
Oxford, UK) was installed in our hospital in June 2017,
from this point, the results of the software were also consid-
ered in the determination of ASPECTS. Digital subtraction
angiography (DSA) images of the procedures included in
the study were reviewed by the first and the senior author
and occlusion levels as well as recanalization TICI grades
were determined by consensus.

Regarding procedural and technical data, groin to ICA
occlusion passage time, groin to definitive intracranial re-
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canalization (defined as TICI grade 2b-3) time, intracranial
recanalization technique (ADAPT or SOLUMBRA), bail-
out intracranial stenting and the implantation of an ICA
stent were recorded. In the case of stent implantation, the
applied antiplatelet medication was recorded.

The registered technical success and outcome parame-
ters were the following: rate of successful proximal ICA re-
canalization, rate of definitive intracranial revascularization,
TICI grade, procedural complications (ICA dissection, per-
foration, SAH), postprocedural adverse events (parenchy-
mal reperfusion hematoma or space-occupying infarction)
and mRS score at 3 months postprocedure.

Ethics approval for retrospective patient data retrieval
was granted by the Institutional Review Board (IKEB/
02163-000/2020). Written informed consent was waived
due to the retrospective nature of the study. The data that
support the findings of this study are available from the
corresponding author upon reasonable request.

Balloon-assisted Tracking Technique

Interventions were carried out on a monoplane angiosuite
(Axiom Artis, Siemens, Erlangen, Germany) under anes-
thesiology standby including conscious sedation or general
anesthesia if necessary. The right or left common femoral
artery was accessed by an 8 F introducer sheath and 5000IU
unfractionated heparin was administered. No antiplatelet
therapy was administered beforehand in these cases. An 8F
guiding catheter (Guider Softip, Boston Scientific, Marlbor-
ough, MA, USA) was advanced into the common carotid

artery (CCA) on the affected side. The ICA occlusion was
then confirmed with a prolonged run after contrast injection
through the guide catheter. The runs were repeated in var-
ious projections until the tiny stump of the occluded ICA
could be clearly visualized, when possible. The recanal-
ization of the occluded ICA was performed through the
guide-catheter using a slightly shaped hydrophilic 0.014”
microguidewire supported by a low profile 4mm PTCA
balloon catheter (Ryujin, Terumo Corporation, Shibuya,
Japan). For crossing the ICA occlusion, a neuro microgu-
idewire (Traxcess, Microvention, Aliso Viejo, CA, USA),
Portal (Phenox GmbH, Bochum, Germany) or Chikai Black
(Asahi Intecc, Seto-shi, Japan) was used in 81 out of the
107 cases (76%) or a PTCA guidewire (CHOICE Extra
Support or PT GRAPHIX, Boston Scientific) was used
in 26 out of the 107 (24%) cases, depending on the lesion
and on the operator’s preference. In 39 cases (36%) ad-
ditional wires were used for crossing the ICA occlusion,
maintaining stability or replacing the crooked wire. The
wire was carefully advanced through the occluded plaque
with special attention to keep the wire in a true intraluminal
position by navigating it through the tiny stump of the ICA
identified on initial angiographic series. This was followed
by angioplasty of the plaque using the undersized 4 mm
balloon catheter, following i.v. administration of atropine if
necessary. The balloon was partially deflated thereafter and
the guide catheter was advanced to partially cover it, with
the half-deflated balloon protruding out from the catheter
tip, forming a streamlined outline of the balloon-catheter
tip complex, so that the rim of the catheter tip cannot

Fig.1 Schematic drawing illustrating key steps of the application of the balloon-assisted tracking technique in the recanalization of an occluded
plaque at the origin of the internal carotid artery (ICA). a A guide catheter is positioned in front of the ICA stump. b A 0.014” micro-guidewire is
carefully passed through the ICA stump and angioplasty is performed with an undersized, low-profile balloon. ¢ The guide catheter is then tracked
by the partially deflated balloon over the plaque into the occluded lumen of the ICA. The protruding balloon acts as a stylet preventing contact
between the irregular plaque surface and the catheter rim. d Finally, the balloon and microwire are removed and the thrombus is extracted by

aspiration
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Fig.2 Demonstrative case of the balloon-assisted tracking technique showing the recanalization of a left-sided tandem ICA-MCA occlusion in
a middle-aged patient with acute onset severe left hemispheric symptoms. a Preoperative CTA reveals proximal occlusion of the left ICA with
a small, rounded stump (white arrow) and a filling defect in the left M1 bifurcation (b, open white arrow) with apparently good filling of the distal
MCA branches. ¢ Subtraction angiography confirms the ICA occlusion but shows a complete flow arrest at the M1 bifurcation (d, open white
arrow). The field-of-view position on panels f,g demonstrating the BAT technique corresponds to that of panel e. f The procedure begins with the
careful penetration of the ICA stump with a 0.014” microguidewire. The large lumen 8F soft tip guide catheter is then moved to the very end of
the stump for sufficient back-up. g A low-profile coronary PTCA balloon with a diameter of 4 mm is positioned across the plaque followed by
angioplasty by careful manual inflation of the balloon. The occlusion point (white arrowheads) is easily recognized. After complete inflation (h)
the balloon is deflated passively (i.e., the syringe is detached from the conus) and the guide catheter is advanced over the balloon and then they
are moved carefully together into the ICA (i,j). The partially deflated balloon forms a streamlined stylet (white open arrows on i and j), preventing
the rim of the catheter to get in contact with the irregular surface of the plaque, precluding thereby shaving off plaque debris or plaque dissection.
The balloon is deflated completely thereafter and is removed together with the microwire. The ICA lumen is then recanalized by careful manual
aspiration through the guide catheter and the recanalization of the MCA is performed by ADAPT technique. k Selective injection of the left CCA
at the end of the procedure shows the complete recanalization of the ICA and MCA. The black open arrow indicates the highest level to which the
balloon-guide catheter complex was advanced. The recanalized plaque shows a smooth surface (black arrowheads), without signs of dissection,
floating thrombus, or high-grade residual stenosis, therefore stent implantation was not pursued at the acute stage. The total time from the selective
diagnostic run of the CCA to the complete recanalization (from panel ¢ to panel k) was 8 min

get in contact with the irregular plaque surface, then the
guide catheter was gently advanced with the half-inflated
balloon acting as a “stylet” through the ruptured plaque
and occluded cervical segment of ICA to prevent the razor
effect of the rim of the guide catheter [8]. The balloon was
then slowly deflated and removed together with the mi-
croguidewire. The 8F guiding catheter was detached from
the hemostatic valve and carefully moved and torqued back
and forth under gentle manual aspiration using a 50ml per-
fusor syringe, removing thereby the thrombotic material in
the cervical ICA segment. Extra care was taken during this
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step to prevent the vessel wall being sucked in by the tip
of the catheter to prevent dissection. The hemostatic valve
was then reattached and stent-retriever or direct aspiration
thrombectomy of the carotid-T or MCA was performed
in the usual technique. During distal thrombectomy the
guide catheter was kept in the newly opened proximal ICA
causing flow arrest and acting as dilator on the ICA plaque
as described by Dotter et al. [10].

Following the successful recanalization of the dependent
intracranial arteries, the 8F guide catheter was retrieved
into the CCA under continuous manual aspiration with the
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microguidewire left in the distal segment of the ICA to
maintain access and an angiogram was done to evaluate
the reopened ICA plaque. In cases of high-grade recoiling,
an additional angioplasty was performed using a 6 mm bal-
loon. Stent implantation was performed only in the case of
flow-limiting residual stenosis, immediate reocclusion af-
ter repeated angioplasty, visible floating thrombus on the
plaque or flow-limiting dissection. A schematic drawing of
the BAT maneuver is shown in Fig. 1 and an illustrative
case using the technique is presented in Fig. 2.

Follow-up and Delayed Stent Implantation

All patients who only went through angioplasty without
stent implantation were tightly reassessed using Doppler
US within the first 4-6 weeks following the intervention
and in case of a high grade and/or progressing recurrent
stenotic lesion, elective carotid stenting was performed in
a second session when the patient’s clinical and functional
status allowed further treatment (mRS 0-2).

Anticoagulation/Antiaggregation Medication

All patients received 5000IU sodium heparin IV at the
beginning of the procedure. When emergent stenting was
not necessary, antiaggregation medication was withheld for
3 days following the procedure and a single antiplatelet
therapy (SAPT) with a daily dose of 100 mg acetylsalicylic
acid p.o. was initiated thereafter. If stent implantation was
necessary, 500 mg acetylsalicylic acid was administered IV
at the end of the procedure and was maintained with a daily
dose of 100mg p.o. from the following day. A head CT was
performed the day after the procedure and a loading dose
of 300 mg clopidogrel p.o. was additionally administered in
the absence of intracranial hemorrhage and/or large suba-
cute infarction. In cases of intracranial hemorrhage not re-
quiring surgical treatment or a large subacute infarction, p.o.
clopidogrel was first initiated at the Sth postprocedural day.
Oral dual antiplatelet therapy with 100mg acetylsalicylic
acid and 75 mg of clopidogrel was maintained for 6 months
and clopidogrel monotherapy was continued thereafter.

Statistical Analysis

Continuous variables were reported as median with range
and categorical variables as number and percentage. Cate-
gorical variables were compared using the y>-test or Fisher’s
exact test for small cell values, p values <0.05 were inter-
preted as statistically significant. Analyses were performed
using SPSS, Version 26.0 (IBM, Armonk, NY, USA).

Results

Between June 2013 and December 2020, 592 patients with
AIS were treated by endovascular recanalization. Tandem
occlusion of the ICA and MCA was the primary pathome-
chanism in 113 (19%) cases. Of these patients 6 (5%) were
excluded from the analysis because of having proximal ICA
dissection as pathomechanism. The remaining 107 (77, 72%
male, median age 66 years, range 45-87 years) cases with
atherosclerotic origin were included in the study. The me-
dian (IQR, range) for ASPECTS and NIHSS on admission
were 8 (2, 3-10) and 14 (6, 3-22), respectively.

Median onset-to-groin time was 346min (158—1405min),
median total procedural time was 51min (10-178min) and
the median time from groin puncture to the passage of the
8F guide catheter into the cervical segment of the ICA
through the thrombosed plaque was 16min (5—-108min).

Successful recanalization of the cervical ICA could be
achieved in 100 (93%) cases. Details of the unsuccessful 7
(7%) cases were: in two patients (2%) the occluded ICA
plaque could not be passed even after multiple attempts; in
one patient (1%) the mid segment of the cervical ICA and
in one patient (1%) the terminal segment of the ICA was
perforated with guidewire and active extravasation could
not be sealed with a balloon, so the ICA had to be reoc-
cluded with coils; in three cases (3%) the microguidewire
penetrated into the subintimal space during the ICA re-
canalization attempt and no re-entry could be achieved at
any level even after multiple attempts.

Successful intracranial recanalization, defined as
TICI2b-3 was achieved in 88 (82%) patients, thereof
TICI2b in 50 (46.7%) and TICI3 in 38 (35.5%) cases.
Bail-out stenting of the intracranial ICA and/or the MCA
using a bare-metal coronary stent was required in 3 (3%)
cases. Attempts of intracranial revascularization following
the successful recanalization of the cervical ICA failed
in 12 (11%) patients, resulting in TICIO in 1 (1%) and
TICI2a in 11 (10%) cases.

Intraprocedural stent implantation in the proximal ICA
followed by balloon angioplasty was performed in 40 (37%)
patients due to high-grade (>70%) residual stenotic lesion
resistant to angioplasty, flow limiting dissection and/or vis-
ible floating thrombus on the recanalized ICA plaque. Wall-
stent (Boston Scientific) was used in 80% (32/40) and Road-
saver (Terumo) stent in the remaining 20% (8/40) of these
emergent stenting cases. Regular US follow-up of patients
with emergent stenting was available in 20 (50%) cases and
revealed complete stent patency, without high-grade in-stent
restenosis in 19 (98%) of the patients. Delayed occlusion of
the stent implanted in the acute setting occluded in 1 (2%)
of the case, and the single ICA stent reocclusion case was
asymptomatic.
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Out of the 60 cases without emergent stent implanta-
tion, 7 (12%) patients died during the acute postoperative
period and 11 (18%) patients were lost to follow-up after
discharge. Out of the 42 (70%) patients with regular US fol-
low-up of the recanalized ICA, 6 (10%) reoccluded without
any newly developed neurological deficit and 21 (35%) re-
ceived delayed stent placement due to asymptomatic, but
progressive high-grade restenosis (>70%) in a second ses-
sion, giving a combined rate of reocclusion and revascular-
ization of 45% (27/60).

The combined rate of emergent and delayed stenting was
61% (61/100).

Intraprocedural complications occurred in 9 (8%) pa-
tients: subarachnoid hemorrhage Fisher grade 1 in 7 (6%)
cases, intracranial vessel perforation resulting in Fisher
grade 4 subarachnoid hemorrhage in 1 (1%) case and
termination of the procedure due to extracranial vessel
perforation in 1 (1%) case. None of the complications were
related to the BAT technique.

In two cases (2%), embolization into new vascular terri-
tories occurred. In both procedures, the proximal ICA oc-
clusion was passed as described, then selective ICA in-
jection revealed a proximal MCA occlusion, which was
recanalized with a stent-retriever using the SOLUMBRA
technique, resulting in TICI2a and TICI2b recanalization of
the affected vascular territories; however, peripheral emboli
in the ipsilateral anterior cerebral artery were seen in both
cases. Clinical follow-up 3 months later revealed mRS 1
and mRS 0 in the patients with TICI2a and TICI2b re-
canalization, respectively.

The rate of postprocedural adverse events was 6 (5%).
Intracerebral hemorrhage (ICH) developed in 4 (4%) cases
(type 1 and 2 in 2 and 2 cases, respectively). A non-
significant trend could be observed towards developing
an ICH following emergent stent implantation (p=0.407,
OR=3.15, 95% CI=0.35-27.94).

Space-occupying infarction of the affected brain area
developed in 2 (2%) patients, requiring craniectomy in 1
(1%) case. The development of ICH and space-occupying
infarction was not significantly associated with differences
in adequate reperfusion: 67% (4/6) versus 33% (2/6) in pa-
tients with successful versus unsuccessful recanalization,
but the odds of developing a postprocedural adverse event
were higher in patients with successful revascularization
(p=0.148, OR=3.12, 95%CI=0.68-14.29).

Good functional outcome (mRS 0-2) at 3 months was
observed in 54 (50%) patients, 27 (25%) patients were still
severely disabled (mRS 3-5) at 3 months and 26 (24%) pa-
tients died (mRS 6) before the follow up at 3 months. Suc-
cessful intracranial recanalization was significantly associ-
ated with good clinical outcome (mRS 0-2): 59% (52/88)
in the TICI2b-3 group versus 11% (2/19) in the TICIO-
2a group, (p<0.001, OR=12.28, 95% CI=2.67-56.45).
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Emergent stenting versus angioplasty did not significantly
influence the rate of favorable clinical results, although
there was a trend towards good clinical outcome in
stented group (mRS 0-2 in the emergent stenting group:
58%, 23/40; mRS 0-2 in angioplasty group 52%, 31/60;
p=0.261, OR=1.57, 95% CI=0.71-3.46). Mortality was

Table1 Summary of demographic, baseline medical, neurological,

imaging, procedural and follow-up data

Number of patients () 107
Baseline characteristics
Age (years) (median, range) 66 (45-87)
Male (n, %) 77 (72%)
Left hemispheric stroke (n, %) 62 (58%)
Arterial hypertension (n, %) 79 (74%)
Atrial fibrillation (n, %) 5 (5%)
Diabetes mellitus 7 (%) 31 (29%)
Dyslipidemia/obesity n (%) 7 (7%)
NIHSS baseline (median, IQR, range) 14, 6 (3-22)
IVT n (%) 47 (44%)
ASPECTS baseline (median, /QR, range) 8,2 (3-10)
Occlusion site
CCA-ICA-MCA n (%) 2 (2%)
ICA-MCA n (%) 104 (97%)
ICA-ACA n (%) 1 (1%)
Time intervals, procedural data
Onset to groin (min, median, range) 346
(158-1405)
Groin to ICA passage (min, median, range) 16 (5-108)
Groin to complete revascularization (min, me- 51 (10-178)
dian, range)
Unsuccessful reperfusion (TICI 0-2a) n (%) 12 (11%)
TICI O flow n (%) 1(1%)
TICI 1 flow n (%) 0
TICI 2a flow n (%) 11 (10%)
Successful reperfusion ICA/intracranial (TICI 2b- 100 (93%)/88
3)n (%) (82%)
TICI 2B flow n (%) 50 (46.7%)
TICI 3 flow n (%) 38 (35.5%)
Intraprocedural ICA stent implantation n (%) 40 (37%)
Intraprocedural complications n (%) 9 (8%)
Postprocedural adverse events n (%) 6 (5%)
Clinical outcome
mRS < 2 after 90 days n (%) 54 (50%)
Mortality after 90 days n (%) 26 (24%)
Delayed proximal ICA revascularization with 21 (31%)
stent implantation n (%)
Delayed reocclusion/stent thrombosis 1 (%) 6 (10%)/1(2%)

NIHSS National Institutes of Health Stroke Scale, IVT intravenous
lysis therapy, ASPECTS Alberta stroke programme early CT score,
CCA common carotid artery, /CA internal carotid artery, MCA middle
cerebral artery, ACA anterior cerebral artery, T/CI thrombolysis in
cerebral infarction, mRS modified Rankin Scale
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not affected by emergent stenting (p=0.737, OR=1.17,
95% CI=0.46-2.95).

A summary of demographic, baseline medical, neuro-
logical, imaging, procedural and follow-up data are given
in Table 1.

Discussion

Although there is a rapid expansion in the literature on the
treatment of tandem occlusions in acute ischemic stroke
recently, key aspects including distal-to-proximal versus
proximal-to-distal recanalization approach, placement ver-
sus non-placement of a stent in the acute setting, perioper-
ative and postoperative antithrombotic medication and the
role of embolic protection devices are still debated. The
pathophysiology of the disease is a combination of several
distinct vascular and hemostatic pathologies: atherothrom-
bosis, artery-to-artery thromboembolism and less frequently
dissection [11]. In severe atherosclerotic carotid disease,
a progressive high-grade stenotic lesion at the origin of the
ICA will gradually slow down the flow in the cervical seg-
ment; however, apart from a truly isolated ICA combined
with a high-grade stenotic lesion at the ECA origin, flow
in the intracranial ICA segment is maintained through the
circle of Willis (COW) and the ECA-to-ICA collaterals,
most importantly the ethmoidal-ophthalmic and meningo-
ophthalmic collateral pathways. In the moment of occlu-
sion of the ICA plaque, as a consequence of the rupture of
the unstable thinned fibrotic cap and subsequent thrombo-
sis of the already filiform lumen, the cervical segment of
the ICA begins to fill up with large amount of fresh throm-
botic material, followed by one of three possible sequences:
(i) the ICA fills up with thrombus up to the inflow of the
most proximal ECA or COW collateral, through which the
arterial supply of the dependent intracranial arteries is main-
tained uninterrupted, resulting in an asymptomatic ICA oc-
clusion, with a prevalence of 16% according to a meta-anal-
ysis of data from 4406 patients [12]; (ii) until the cervical
ICA segment is not completely thrombosed, the growing
occlusive thrombus at the origin of the ICA can be flushed
distally, leading to an intracranial large-vessel occlusion. In
this case, an M1 or ICA-T lesion is seen on angiography, to-
gether with a preocclusive filiform stenosis at the origin of
the ICA. This scenario might result in the so-called pseudo-
occlusion phenomenon on CTA [13]; (iii) thrombotic occlu-
sion of the atherosclerotic lesion at the ICA origin, with the
angiographic image of a tiny stump at the ICA origin and
absence of flow in the cervical segment and the dependent
intracranial branches. This third pathology can be de facto
named tandem occlusion and only patients having this type
of lesion were included in the present study. The key steps
of the recanalization are the safe passage of the ICA plaque

with the microwire avoiding perforation and dissection, and
the access of the cervical ICA segment with a large lumen
catheter for aspiration and further intracranial recanaliza-
tion. In our opinion, emergent implantation of a stent in the
ICA origin to facilitate access to the cervical and intracra-
nial segments before removing the bulk of the thrombotic
material from the cervical ICA might be counterproductive
and in cases of heavily calcified plaques and/or extensive
supra-aortic elongation, the struts of a partially wall-adapted
stent can indeed hamper the access to the ICA and can result
in serious difficulties at the withdrawal of a stent-retriever
during the intracranial recanalization.

There is no consensus in the literature regarding the ex-
tracranial versus intracranial first approach. A recent meta-
analysis of data from the German Stroke Registry (GSR)
with endovascular treatment of 607 AIS patients with tan-
dem lesions found significantly shorter procedural times
(53.5 versus 72.0min) and a higher nonsignificant probabil-
ity of successful reperfusion defined as mTICI2b/3 (92.1%
versus 86.1%) and good clinical outcome (45.8% versus
33.0%) using the intracranial first approach [19]. In the
present work, the BAT technique allowed the exquisite use
of the extracranial first approach in all the cases, with a me-
dian total procedural time of 51 min combined with a good
clinical outcome rate of 50%. Interestingly, the better clini-
cal outcome in our cohort was achieved with poorer reperfu-
sion success rate (86.1% in GSR versus 82% in our cohort).
A possible explanation would be the higher rates of peripro-
cedural complications in the GSR extracranial-first cohort
(24% versus 8%), although it should be noted that only
severe complications are reported in our cohort, whereas
minor complications, such as vasospasm and high propor-
tion of not detailed (other) complications are included in
the GSR data, limiting the possibilities of comparison.

In the present series, the large lumen guiding catheter
could safely be inserted into the occluded cervical ICA seg-
ment over the thrombosed plaque using the BAT technique
in all cases, without the need for a stent implantation. The
primary angioplasty of the ICA plaque is done with a 4 mm
balloon, which is only slightly larger than the catheter, re-
sulting in recoiling of the plaque and the proximal ICA
around the perimeter of the catheter, providing flow ar-
rest and thereby an inherent proximal protection against
embolization during intracranial thrombectomy/aspiration,
eliminating the need of an embolic protection device. For
the same reason, balloon guide catheters were not used, as
in our experience the additional benefit of embolic protec-
tion is offset by poorer navigability due to the stiffness of
these catheters in elongated vessels.

Tortuosity of the cervical ICA is commonly encountered,
especially in older patients, usually involving the proximal
segment with angles ranging from 90° up to 140-150°. The
use of an atraumatic technique during the recanalization of
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these vessels of paramount importance. In these cases, we
tracked the half-deflated balloon on a longer distance with
the guiding catheter, using it practically as a streamlined
stylet together with the micro guidewire, slightly straight-
ening the tortuous, kinked ICA segment. Additionally, care-
ful torquation of the guiding catheter with an angulated tip
allowed the operator to adapt the outline the microwire-
balloon guiding catheter structure to follow as much as
possible the course of the ICA. Accordingly, none the un-
successful ICA recanalization attempts were attributed to
the elongation of the ICA.

Using the BAT technique, tiny emboli in new territories
were detected only in 2 patients, both of them recovering
to mRS 0-1at the 3 months clinical follow-up.

In selecting the appropriate catheter for the recanaliza-
tion of the occluded ICA, the operator must balance be-
tween stability that is especially important in cases of exten-
sive supra-aortic elongation, found mostly in older patients
and requires a certain degree of rigidity of the proximal
segment of the catheter for good maneuverability through
the thrombosed and often stiff and calcified ICA plaque and
an atraumatic distal tip, as the wall of the collapsed cervical
ICA becomes more prone to injury in response to mechan-
ical manipulation, easily resulting in iatrogenic dissection,
which may completely block further recanalization efforts.
In the presented patient cohort, the 8F guide catheter Guider
Softip (Boston Scientific) provided a good combination of
proximal stability and atraumatic distal tip. The emergence
of large-bore aspiration catheters, e.g. ACE68 (Penumbra
Inc., Alameda, CA, USA) or SOFIA Plus 6F (Microven-
tion) and the evidence supporting the safety and efficacy
of first-line thrombectomy with contact aspiration (ASTER
trial) [20] has changed the standard practice for intracra-
nial revascularization. The design of large-bore aspiration
catheters with numerous transition zones in the shaft fa-
cilitates stability and pushability in the proximal portion
and trackability through tortuous vessels in the distal seg-
ment and the main purpose of these catheters is to deliver
aspiration vacuum to the distal tip of the catheter; how-
ever, in order to remain atraumatic, the distal tip of these
catheters is prone to external compression, which at least
in our hands, substantially limits their ability to penetrate
the rigid atherosclerotic plaque at the ICA origin.

During the advancement of the catheter over the plaque,
the half-deflated balloon hangs out of the catheter tip like
a streamlined stylet, facilitating the passage over the irreg-
ular surfaced plaque and preventing the razor-like effect of
the rim of the catheter on the vessel wall, minimizing the
risk of iatrogenic dissection [8]. Accordingly, there were no
procedural complications attributable to the BAT technique
in the present series.

Potential disadvantages of the BAT technique should
however be noted. In cases of plaque dissection, unnoticed
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by the operator prior to the angioplasty, the inflation of the
balloon can lead to progression of the intimal tear, render-
ing further recanalization attempts impossible and extreme
cases can result in vessel perforation and serious extrava-
sation. On the other hand, the undersized balloon, and the
narrow diameter of the guiding catheter relative to the termi-
nal CCA and proximal ICA might prove insufficient to ef-
ficiently prevent distal embolization following the recanal-
ization of the occluded proximal plaque. In our experience,
a steep learning curve can be achieved with the technique,
bypassing the abovementioned potential disadvantages.

Following the successful recanalization of the ICA and
the intracranial arteries, the large lumen catheter is with-
drawn into the CCA while access is maintained by a mi-
crowire left behind in the ICA and the status of the recanal-
ized ICA origin is assessed. Stent implantation is deemed
mandatory only in the case of acute or imminent reocclu-
sion, flow-limiting dissection or large apposed thrombus on
the plaque surface and was performed in 37% of the patients
in the present series, which is lower compared to the 54%
reported in the STRATIS EVT registry [14]. There was no
significant difference in good clinical outcome and mortal-
ity between patients treated with emergent stenting versus
angioplasty alone, supporting the findings of a recent meta-
analysis [15]. Another recent meta-analysis found a non-
significant trend in good clinical outcome favoring emer-
gent stenting over angioplasty with a cumulative OR of
1.43, albeit combined with a trend towards increased rates
of symptomatic ICH in patients undergoing emergent stent-
ing [16]. Similar, non-significant trends can be observed in
our data as well, with emergent stenting associated with
favorable clinical outcome (OR 1.57) and increased rates
of ICH (OR 3.15), but not affecting mortality. Interestingly,
there is a non-significant trend towards postoperative com-
plications favoring successful recanalization (OR 3.12). We
assume that this reflects the fact that both ICH and malig-
nant infarctions are reperfusion injuries, hence a successful
revascularization will theoretically increase the odds.

Patients who did not receive stents in the acute set-
ting were closely followed-up by Doppler-US and high-
grade recurrent lesions were regarded as progressive, symp-
tomatic high-grade ICA stenotic lesions even in the absence
of recurrent symptoms and were preventively treated by
stent angioplasty. We pursued this policy to prevent reoc-
clusion, although this occurred in 10% of patients with fol-
low-up anyway and all the reocclusions were asymptomatic.
The combined rate of reocclusion and revascularization in
patients receiving only angioplasty in the acute setting was
45%, which is relatively high, but on the other hand all
these lesions remained asymptomatic. Future prospective
randomized studies should clarify the role of emergent and
delayed stenting in tandem occlusion [17, 18].
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This single center retrospective analysis has some limita-
tions. The observational and nonrandomized design is sub-
ject to methodologic and selection biases inherent in this
form of study. The imaging findings were not confirmed
using a core lab. There may be bias due to patients lost to
follow-up and missing data in the retrospective dataset.

Conclusion

In this retrospective single center series of 107 acute is-
chemic stroke patients with tandem occlusion, the efficacy
and safety of the balloon-assisted tracking technique in
the endovascular recanalization has been demonstrated in
a larger patient cohort. Our data show that the balloon-
assisted tracking technique can be effectively applied in
this patient population with an otherwise poor prognosis.
The technique proved very efficient in attaining short re-
canalization times without the need of antegrade stent im-
plantation at the beginning of the procedure, with good
safety margin and very favorable long-term clinical out-
comes. Our follow-up clinical and imaging data confirm
the results of recent meta-analyses reporting non-signifi-
cant trends for better functional outcome but also increased
rates of ICH associated with emergent stenting. Accord-
ing to our results, long-term patency of the recanalized
ICA is better maintained with emergent or delayed stenting;
however, patients who did not receive stents also remained
asymptomatic during the follow-up, even in cases of high-
grade recurrent stenosis or reocclusion. These encouraging
pilot results await confirmation from further experience and
prospective randomized studies.
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Introduction

Our retrospective study aimed to determine whether the 64-slice dual energy CT
angiography after intravenous contrast medium administration is suitable for the
evaluation of luminal patency and in-stent restenosis after supraaortic percutan
transluminal angioplasty and stenting involving intracranial and extracranial
atherosclerotic lesions, which stenoses are an established risk factor for stroke. Supraaortic
stenting has been shown to increase the therapeutic value of balloon angioplasty for the
treatment of these arterial lesions. The main drawback of stent placement is the mandatory
initiation of dual antiplatelet therapy besides the occurrence of in-stent restenosis. The
major cause of in-stent restenosis is neointimal hyperplasia. The occurance of in-stent
restenosis can be as high as 10,6% in the extracranial internal carotid artery, 31% in the
intracranial arteries and 15.9% in the orifice of the vertebral arteries. The extracranial
internal carotid artery is the vessel where color-coded duplex sonography can visualize the
vessel lumen for adequate screening and follow up after interventions, nevertheless
ultrasound may have limitations due to anatomical anomalies or technical difficulties.
Besides the extracranial internal carotid artery is the less prone to restenosis. For
intracranial and vertebral orifice stents conventional DSA is the current criterion standard
follow up examination. In a high-volume neurointerventional department the risk of
neurologic complications during conventional DSA is close to zero, still the complication
rate can range as high as 0,3% due to its invasive nature. Promising new noninvasive
alternative tool could be the cone beam CT after intravenous contrast medium
administration performed in an angio suite equipped with flat-detector. The downside of this
method is the lack of bolus tracking and the accessability, which can be a limitation for the
method to unfold. Using MR imaging exact depiction of the stent lumen and exact
measurement of the in-stent restenosis is not possible. A non-invasive alternative method
for assessment of the stented supraaortic vessels would be highly desired. The purpose of
our study was to assess the diagnostic value of 64-multi-slice dual energy CT
angiography in the follow-up of supraaortic stenting including intracranial
interventions. Nevertheless our aim was to estimate the feasibility of this non-invasive tool
instead of cathether based examinations.

Materials and Methods

At our institution in the period of 33 months, from September 2014 to May 2017 54 consecutive
patients (23 female, 31 male) with 72 stents had a supraaortic dual energy CT angiography. All
CT examinations were done without adverse events following contrast media application and
without other complications. Multi-slice CT angiographs were performed in the caudocranial
direction with a Siemens Flash Dual Source 64-slice scanner (Siemens, Erlangen, Germany)
ranging from the aortic valve to the skullcap. Data acquisition consisted of 64 x 0,6 mm
collimation, 100/140 kV (dual energy), 270/270 mAs, a helical pitch of 0,7 and a 0,28 s gantry
rotation time. Axial images were reconstructed with a slice width of 1 mm and a reconstruction
increment of 1 mm using a sharp kernel. Using care bolus-tracking, 70-80 ml of contrast medium
(lomeron 350, Bracco, Milan) followed by a 30-40 ml saline bolus were administered via power
injector with an injection rate of 4-5 ml/s. Centered on the stents, parallel and perpendicular to
the stents’ centerline reconstructions were performed under a smaller field of view with
advanced imaging software (SyngoVia Workstation, Siemens, Erlangen, Germany). Mean
multiplanar reconstructions (MPR), maximum intensity projections (MIP) were reconstructed with
a 1 mm slice thickness and an increment of 1 mm. Curved planar reformations (CPR) were
performed with a 1 mm slice thickness. Images were transferred to a picture archiving and
communication system (PACS). The CT angiography follow-up after angioplasty ranged from 1
month to 91 months, average 28 + 23 months (mean + SD) after stent implantation. To
determine the percent of residual or restenosis the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) method was used. All stents were classified as patent or re-
stenotic. A stenosis of at least 70% according to the NASCET criteria was considered restenotic.
All measurements were obtained perpendicular to the center line of the stented segment. Stent
patency was evaluated by two experienced neuroradiologists using curved multiplanar
reformations and different planes of maximal intensity projectionimages.

Results

54 consecutive patients with 72 stents (47 cercival carotid, one brachiocephalic trunk, 5
subclavien, 11 ostial vertebral and 8 intracranial) were evaluated. In 21 (29%) stents the CT
angiography suspected a restenosis. In 11 instances, these patients with suspected restenosis
underwent catheter based angiography. 5 patients had significant restenosis, 6 did not.

In an other group of patients twenty conventional digital subtraction angiographies were
performed after the CT angiography. The sensitivity of CT angiography was 67% and the
specificity was 91%. The negative predictive value was much stronger than the positive
predictive value (95%, 50% respectively).

Thirty-four patients underwent extracranial carotid artery stenting in our study group. In this
group results obtained from CT angiography were compared with duplex ultrasonography which
has gained wide acceptance to estimate restenosis rate. More than 70% of these cases with
suspected restenosis found on ultrasonography was confirmed with CT angiography and in only
four cases additional invasive procedures had to be done to confirm the diagnosis. CDUS has a
sensitivity of 92% and a specificity of 62%, and has a strong negative predictive value.

Conclusion

The accurate assessment of supraaortic stenosis and restenosis is crucial for planning of
stenting or reinterventions. 64-multi-slice dual energy CT angiography is a valuable imaging
modality for the follow-up of patients after supraaortic stenting including intracranial
interventions even though it has its limitations. It has a high negative predictive value, but in
ambiguous cases and suspected restenosis further, even invasive follow up should be
carried out. With a properly performed CT angiography and adequate post processing high
quality images can be obtained noninvasively to facilitate patient comfort and satisfaction.
Other advantages of CT angiography is the detection of the whole supraaortic vasculature
sometimes with incidental findings.
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Figure 1. Case 1 (A-E) 59 year-old male with right ACA territory stroke
caused by right ACA occlusion. The left ACA A2 segment was severly
stenosed. This soliter left ACA A2 high-grade stenosis was treated with
balloon angioplasty and stent placement. After 1 year of close invasive
imaging the patient was d with CT i
showed no restenosis.

Case 2 (F-I) 55 year-old male patient with symptomatic left ICA and BA
stenosis, which were treated with balloon angioplasty and stenting. After
2 years of invasive follow up we performed CT angiography, which did not
show any restenosis in neither locations.
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Figure 2. 56 year-old male patient with symptomatic right ICA
stenosis treated with carotid artery stenting and angioplasty. Follow
up US showed increased velocity in the stented segment of the
cervical ICA. CT angiography suggested in-stent restenosis 18
months after stent placement. DSA did not confirm sig
restenosis

Vascular risk factors Treated vessels:

Hypertension 64 (89%) Cervical ICA 47 (65%)

Diabetes 22 (31%) Orifice VA 11 (15%)

Hyperlipidemia 56 (78%) Intracraniali stent 8 (11%)
Subclavien stent 5 (7%)

Male/female: 23/31
Symptomatic stenosis 48 (67%)
Asymptomatic stenosi 24 (33%)

Brachiocephalic trunk 1(1%)

Table 1.: Patient demographics and stent location
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Figure 3. 69 year-old patient with a symptomatic left VA orifice
stenosis was stented, CT angiography and DSA follow up showed no
restenosis.
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