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1. ABSTRACT

Title: Randomised multicentre clinical trial on early stroke recurrence associated with mobile

carotid plaques according to acute phase treatment (The PLACA VIL Trial).

Authors: Yanire Altuzarra Foncea and Dr Joaquín Serena Leal.

Background: Stroke has a great impact on society, being the leading cause of adult disability

and the second cause of death worldwide. Among the different etiopathogenetic mechanisms

of ischemic stroke, atherothrombotic stroke accounts for 17-20%, the majority due to

significant stenosis of the internal carotid artery. However, there is a relevant proportion of

patients with atherothrombotic strokes associated with mobile carotid plaques (MCP),

without significant carotid artery stenosis. These plaques seem to be associated with a high

risk of recurrence but its prevalence and treatment is, nowadays, unknown and controversial.

Objective: The main objective of this study is to assess if patients with atherothrombotic

ischemic stroke associated to MCP treated surgically in the acute phase (by Carotid

Endarterectomy [CEA] or by Carotid Angioplasty with Stenting) have a lower risk of early

recurrence than those treated with Best Medical Treatment (BMT). The secondary objectives

aim to determine, if stroke recurrence at one month, three months and one year post-index

stroke is associated with adjudicated treatment in acute phase (CEA/stent vs. BMT) and/or

presence of cerebral microembolic signals (MEs). Finally, we will analyse outcome at month

3, using the modified Rankin Scale (mRS), in each group of treatment.

Design: This study was designed as a randomised, open-label, multicentered, prospective,

controlled, parallel groups clinical trial, aiming to determine the optimal treatment in the

acute phase for the mentioned patients. It will be a multicentre study with 23 potential

participating centres belonging to the Sociedad Española de Neurosonología (SONES),

RICORS-Ictus and Proyecto Ictus, all of which have neurosonology experts.

Participants: Patients admitted to the Stroke Unit (SU) for an ischaemic stroke caused by

MCP detected in a high-definition colour Doppler ultrasound of the supra-aortic trunks.

Methods: 206 participants will be enrolled using a consecutive sampling method and the time

of recruitment will be 1 year. Participants will be randomised following a 1:1 ratio into two

groups: 1) Treated in the acute phase with CEA/stenting; 2) Treated in the acute phase with

BMT. The subjects will be followed for 1 year after the index stroke. Major outcome variable

will be early stroke recurrence (<72 hours post-admission).

Keywords: Doppler ultrasound of supra-aortic trunks, early stroke recurrence, MCP, MEs.
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2. ABBREVIATIONS

ACA Anterior Cerebral Artery

ACAS Asymptomatic Carotid Atherosclerosis Study

AChA Anterior Choroidal Artery

AF Atrial Fibrillation

AHA/ASA American Heart Association/American Stroke Association

ASA Acetylsalicylic acid

RENISEN Registro Nacional de Ictus de la Sociedad Española de Neurología

BMI Body Mass Index

BMT Best Medical Treatment

CADASIL Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and

Leukoencephalopathy

CCA Common Carotid Artery

CEA Carotid Endarterectomy

CEIC Comité de Ética de Investigación Clínica

CI Confidence interval

CNS Central Nervous System

CREST The Carotid Revascularization Endarterectomy versus Stenting Trial

CT Computerised Tomography

CTA Computed Tomography Angiography

DALYs Disability-Adjusted Life-Years

DBP Diastolic Blood Pressure
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DOACs Direct Oral Anticoagulants

DSA Digital Subtraction Angiography

DWI Diffusion-Weighted Imaging

ECA External Carotid Artery

ECG Electrocardiogram

ESUS Embolic Stroke of Undetermined Source

FLAIR Fluid-Attenuated Inversion Recovery

HbA1c Haemoglobin A1c

HBP High Blood Pressure

HR Hazard ratio

HUDJT Hospital Universitario Doctor Josep Trueta

ICA Internal Carotid Artery

ID Identification

INR International Normalised Ratio

LDL Low-Density Lipoprotein

m-CT multimodal Computerised Tomography

MCA Middle Cerebral Artery

MCP Mobile Carotid Plaques

MEs Microembolic signals

mp-MRI multiparametric Magnetic Resonance Imaging

MRA Magnetic Resonance Angiography
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MRI Magnetic Resonance Imaging

mRS modified Rankin Scale

NASCET The North American Symptomatic Carotid Endarterectomy Trial

NIHSS National Institute of Health Stroke Scale

NNT Number Needed to Treat

NOTCH3 Neurogenic Locus Notch Homolog Protein 3

P-commA Posterior Communicating Artery

PCA Posterior Cerebral Artery

PChA Posterior Choroidal Artery

PFO Patent Foramen Ovale

PT Prothrombin Time

RF Risk Factor

rt-PA recombinant tissue Plasminogen Activator

SBP Systolic Blood Pressure

SEN Sociedad Española de Neurología

SOE Source Of Embolism

SONES Sociedad Española de Neurosonología

SPSS Statistical Package for Social Sciences

SSS-TOAST Trial of Org 10172 in Acute Stroke Treatment

SU Stroke Unit

TCD Transcranial Doppler
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TEE Transesophageal Echocardiography

TIA Transient Ischaemic Attack

Tmax Time to the maximum

TTE Transthoracic Echocardiography

US Ultrasound
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3. INTRODUCTION

3.1. Stroke

3.1.1. Definition

According to the American Heart Association/American Stroke Association (AHA/ASA) (1)

and following the new definition of stroke (ischemic and hemorrhagic) (2), this is defined as

"brain, spinal cord, or retinal cell death attributable to ischemia, based on:

1. Pathological, imaging, or other objective evidence of cerebral, spinal cord, or retinal

focal ischemic injury in a defined vascular distribution; or

2. Clinical evidence of cerebral, spinal cord, or retinal focal ischemic injury based on

symptoms persisting ≥1 hour or until death, and other etiologies excluded" (1).

It is, therefore, a neurological entity of vascular aetiology that results in the sudden onset of

neurological focality that does not self-resolve.

3.1.2. Epidemiology

Stroke data reflect the great impact it has on many areas of the society. In Europe, its

incidence varies across countries (3), but in our environment, the annual incidence of stroke

is estimated at around 187.4 cases per 100,000 inhabitants (72,000 new cases of stroke per

year in Spain), a data that is expected to increase by 35% until 2035 due to the ageing of the

population. The prevalence is between 6-7% for those over 70 years of age, with a higher

prevalence in men living in urban areas (4).

Figure 1. Number of hospital discharges due to stroke in Spain, by age and sex, in 2017 (adapted from (4)).
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The data rises with increasing age and accumulation of risk factors (RF), especially in

women (4). However, in people under 70 years of age, incidence and prevalence rates have

increased by 22% worldwide (5). According to the Registro Nacional de Ictus de la Sociedad

Española de Neurología (RENISEN)(6), strokes in patients between 20 and 64 years have

increased by 25% and one third of strokes occur in those under 65 years of age.

Vascular disease is one of the most frequent causes of death and disability worldwide. As a

matter of fact, stroke is the leading cause of disability in the world in both sexes and the

second leading cause of dementia after Alzheimer's disease (4). Worldwide, 143 million

disability-adjusted life-years (DALYs) are due to stroke (5).

The consequences, both physical (loss of mobility, sensibility, vision, speech, etc.) and mental

(cognitive, mood and behavioural disorders, etc.), significantly diminish the quality of life of

the patient and the people around him/her.

It should be born in mind that, globally speaking, there are more than 25 million stroke

survivors. This high figure is due to the fact that every year the incidence of stroke

increases, despite the fact that the mortality rate standardised by sex and age has been

decreasing (7,8). This has a great social, economic and health impact due to the significant

consumption of resources involved in the rehabilitation and/or care of these patients (9). In

Spain, stroke represents 3-4% of total healthcare expenditure, which amounts to around

€20,000-40,000/patient/year if all the extra indirect costs it causes are taken into account (10).

Figure 2. Number of deaths due to stroke in Spain, by age and sex, in 2017 (adapted from (4)).
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In terms of mortality, stroke is the second leading cause of death in the general population

after myocardial infarction (5), being responsible for 11% of total deaths (11). However,

stroke is the leading cause of death in women (9).

Data show that 27,000 people die each year in Spain as a result of a stroke (4), a figure that is

also expected to increase. In fact, this is due to the progressive ageing of the population and

the exponential growth of unhealthy lifestyle habits that have a significant influence on the

development of RF for stroke (diabetes mellitus, hypertension and hypercholesterolemia).

All of these data could be improved if the main RFs for stroke (to be discussed later) are

effectively controlled, as 80% of strokes are preventable (4).

3.1.3. Pathophysiology and Physiopathological Classification

The backbone of stroke is vascular pathology, as a sudden deficit in cerebral blood flow

(hypoperfusion) causes neuronal damage. As the brain is an organ that lacks energy reserves,

the reduction of oxygen and nutrients in the affected neurons leads to metabolic and

biochemical disturbances and, thus, triggers their depolarisation, resulting in the onset of

sudden focal neurological deficits (12).

Figure 3. Stroke Pathophysiology (13).
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The depolarised neuron causing the clinic can be viable for some time thanks to collateral

circulation (oligoaemia or penumbra area seen on multimodal computerised tomography

[m-CT] or in multiparametric magnetic resonance imaging [mp-MRI]). The speed of

therapeutic action and the prognosis of the patient depend on the maintenance of this

collateral circulation.

Figure 4. Computerised Tomography (CT) and Computed Tomography Angiography (CTA) images of a

middle cerebral artery (MCA) stroke.

The CTA (photo on the right) shows the occlusion of the left MCA. The image on the left shows the established

infarct area and the ischemic penumbra area. The established infarct area is shown in magenta, with a volume

of 13.1 mL. Green area shows ischemic tissue that will evolve into an established infarct (Time to the

maximum,Tmax >6”) if blood flow cannot be restored. Its volume is 73.9 mL. It represents the ischemic

penumbra or mismatch, in this case 5.6.

Courtesy of Dr Joaquín Serena.

Defining, understanding and knowing how to recognise a neurological focality is essential.

Certain functions of the organism are encoded in determined areas of the cerebral cortex,

known as Brodmann Areas. Lesions in these areas translate clinically into deficits in the

functions encoded by each of the affected areas (neurological focality) (12), for example:

● Sudden alteration of sensation (paraesthesias, hypoesthesias, anaesthesias, etc.) of the

face, arm and/or leg on the contralateral body side to the brain injury.

● Sudden loss of mobility and/or strength in the contralateral hemibody.

● Sudden loss of the ability to speak or understand (aphasia).

● Sudden partial loss of vision…

16
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Extrapolating from stroke, each of the main cerebral arteries and their branches are

responsible for irrigating specific areas of the brain. Therefore, knowing the predetermined

distribution of neurological functions in the central nervous system (CNS), as well as the

main vasculature of each of these areas, allows a topographical diagnosis of the injured

artery to be made by the semiological examination of a patient affected by a stroke.

Figure 5. External view, sagittal, coronal and axial section of the brain showing Brodmann's areas, the main

internal anatomical structures and the main irrigation of each area (approximately).

Anterior Cerebral Artery (ACA); Anterior Choroidal Artery (AChA); Internal Carotid Artery (ICA); Middle

Cerebral Artery (MCA); Posterior Cerebral Artery (PCA); Posterior Choroidal Artery (PChA); Posterior

Communicating Artery (P-commA).

The deficit in neuronal blood flow may be due to different pathological mechanisms, which

are part of the pathophysiological classification of stroke (12):

● Ischaemic stroke (62.7% according to Feigin et al. (5)), is defined by the AHA/ASA

as “an episode of neurological dysfunction caused by focal cerebral, spinal, or retinal

infarction” (1). This is caused by a lack of blood supply to a certain area of the

encephalic parenchyma, leading to tissue necrosis and, therefore, neurological clinic

for ≥1 hour or leading to death. Computerised tomography (CT) neuroimaging usually

shows a hypodense lesion in the acute moment. It can be subclassified according to

aetiology, neuroimaging, vascular topography and evolution, as will be discussed

later.

17



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

○ When the duration of the episode of neurological dysfunction caused by focal

brain, spinal cord, or retinal ischemia is less than 1 hour, with no signs of

acute cerebral ischemia on diffusion-weighted imaging (DWI) sequences of

magnetic resonance imaging (MRI), it is called a transient ischaemic attack

or TIA (2).

Figure 6. Schematic diagram of the pathophysiology of ischaemic stroke (left image, adapted from

(13)) and non-contrast computerised tomography (CT) scan of an acute ischaemic stroke (right image,

yellow arrow, adapted from(14)).

● Intracerebral haemorrhage (27.9% according to Feigin et al. (5)), defined by the

AHA/ASA as “rapidly developing clinical signs of neurological dysfunction

attributable to a focal collection of blood within the brain parenchyma or ventricular

system that is not caused by trauma” (1). The collection of blood in the parenchyma

(produced by the rupture of a cerebral vessel) is irritating, produces oedema and mass

effect. Thus, it is more dangerous and has a worse prognosis than ischaemic stroke. It

can be subdivided into lobar haemorrhagic stroke (more superficial) or deep

haemorrhagic stroke. Its main RF is high blood pressure (HBP). CT neuroimaging

usually shows a hyperdense lesion, with frequent mass effect on the adjacent

parenchyma, as can be seen in figure 7 (right image).
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Figure 7. Schematic diagram of the pathophysiology of intracerebral haemorrhage (left image,

adapted from (13)) and non-contrast computerised tomography scan of an acute hemorrhagic stroke

(right image, dotted circle, adapted from (15)).

● Subarachnoid haemorrhage (9.7% according to Feigin et al. (5)), defined by the

AHA/ASA as “rapidly developing signs of neurological dysfunction and/or headache

because of bleeding into the subarachnoid space, which is not caused by trauma” (1).

Figure 8. Schematic diagram of the pathophysiology of subarachnoid haemorrhage (left image,

adapted from (14)) and computerised tomography scan with contrast of a subarachnoid

haemorrhage (right image, yellow arrows, adapted from (14)).

Clinically speaking, it is impossible to differentiate between ischaemic stroke, haemorrhagic

stroke and subarachnoid haemorrhage, so additional tests are needed.
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3.2. Ischaemic stroke

3.2.1. Etiopathogenesis

Ischaemic stroke (already defined in section 3.1.3) can be caused due to multiple

etiopathogenetic mechanisms. The most important pathophysiological causes are (7):

● Thrombotic etiopathogenesis: caused by alterations in coagulation or by occlusion

in the arteries supplying blood to the brain. The usual mechanism of strokes caused by

thrombotic etiopathogenesis is small vessel disease (typical of elderly people with

hypertension, diabetes, etc.).

● Embolic etiopathogenesis: due to obliteration of a vessel by a detached intraluminal

fragment (embolus) in an artery proximal to the brain or in the heart. This is the most

frequent underlying mechanism in stroke. If the embolus originates in venous territory

and passes into the arterial circulation through an anomalous communication, it is

called a paradoxical embolus.

● Haemodynamic etiopathogenesis: caused by inadequate collateral circulation in

patients with proximal severe artery stenosis.

Other less frequent aetiopathogenesis of ischaemic stroke are hyperviscosity and vasospasm.

3.2.2. Risk factors

  Due to the multifactorial aetiology of stroke, the RF involved are many and varied.

Classically, RFs for stroke have been divided into modifiable and non-modifiable.

As mentioned in the Epidemiology section, most strokes are preventable. Up to 90% are due

to modifiable RF and 80% of recurrent strokes can be prevented by proper control of

modifiable RF. In addition, the role of secondary prevention is very important, as it reduces

the risk of stroke recurrence, but also of suffering other vascular events such as acute

myocardial infarction (7).

Recently, however, the role of new RFs (some of uncertain importance) has begun to be

studied, leading to the creation of a new classification of stroke RFs. It divides RF into

Traditional and Non-traditional (7).

Both classifications are shown combined in the next table:
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Table 1. Stroke Risk Factors (RF) (adapted from (7,16))

Atrial Fibrillation (AF); Body Mass Index (BMI); Cerebral Autosomal Dominant Arteriopathy with Subcortical
Infarcts and Leukoencephalopathy (CADASIL); High Blood Pressure (HBP);

Neurogenic locus notch homolog protein 3 (NOTCH3).

According to the Global Burden of Disease analysis (5), the five most important RFs (from

highest to lowest weight) are:

● HBP. It is the most important RF related to all types of stroke and multiplies the risk

of stroke fourfold (7).

● Body mass index (BMI).

● High fasting plasma glucose / Diabetes mellitus.

● Ambient particulate matter pollution.

● Smoking.

3.2.3. Primary prevention

Primary prevention is based on the control of stroke RFs. It is founded on general

recommendations (also applied in secondary prevention) to which targeted pharmacological

treatment can be added. Some of these measures are shown in the diagram below (17,18):
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Figure 9. Strategy for primary prevention of stroke (adapted from (17,18)).
Body Mass Index (BMI); Direct Oral Anticoagulants (DOACs); Haemoglobin A1c (HbA1c);

High Blood Pressure (HBP).

3.2.4. Sub-types of ischaemic stroke

The most widespread etiopathogenic classification of ischaemic stroke, with the highest

interobserver agreement, is the classification of the Trial of Org 10172 in Acute Stroke

Treatment (SSS-TOAST) (Annex 2, (19)).

It differentiates 5 subtypes of ischaemic stroke (20): 1) Large-artery atherosclerosis; 2)

Cardioembolism (high-risk/medium-risk); 3) Small-vessel occlusion (lacune); 4) Stroke

of other determined aetiology; 5) Stroke of undetermined aetiology.

Furthermore, the SSS-TOAST classification divides each subtype (except for stroke of

undetermined aetiology) into "possible" or "probable", based on the results of

complementary studies (20).

● The diagnosis is "probable" when clinical and neuroimaging data point to the same

aetiology, as do other complementary studies. All other causes have been excluded.

● The diagnosis is "possible" when clinical and neuroimaging data point to the same

aetiology, but no complementary studies have been performed.
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The following figure shows a conceptual diagram of all subtypes and their frequency.

Figura 10. Conceptual diagram of stroke subtypes and their percentages of frequency (21).
Embolic Stroke of Undetermined Source (ESUS)

The following table shows the 5 subtypes of stroke in more detail according to the
SSS-TOAST classification.
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Table 2. Main features of the Trial of Org 10172 in Acute Stroke Treatment (SSS-TOAST) classification (adapted from (20)).

Atrial fibrillation (AF); High Blood Pressure (HBP); Transient ischaemic attack (TIA) (22)
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3.2.5. Clinical diagnosis

Due to the severity of stroke, the diagnosis must be accurate and made as quickly as possible,

so that appropriate treatment can be administered early (7).

Patients with TIAs should be evaluated in the same manner as patients with an ischemic

stroke shown on neuroimaging (21).

As discussed above, the sudden onset of neurological focality raises the suspicion of stroke.

The clinical diagnosis of stroke is based on three pillars:

● Anamnesis and medical history.

● Neurological and general examination.

● Complementary examinations.

Anamnesis and medical history.

The medical history of the patient is fundamental, as it allows us to orientate the possible

aetiology of the stroke as well as the previous frailty or disability of the patient. Special

attention should be paid to personal and family history of vascular diseases as well as to

vascular RF (7).

The relevant data that should be collected in a patient with a possible stroke is shown below.

It allows us to orientate the diagnosis towards stroke and rule out other possible differential

diagnoses (16,23):

● Current episode:

○ Symptoms at onset of the episode and their evolution.

○ Time of onset of symptoms or last seen asymptomatic if the exact time of

onset is unknown. This is a key point, as it will determine the onset of the

stroke and, depending on this time, one treatment or another will be applied.

The patient and/or a witness should be interviewed.

○ Duration of symptoms.

○ Triggering circumstances.

● Personal history:

○ Previous stroke or TIA.

○ Recent history of: acute myocardial infarction, trauma, surgery, bleeding,

infection, cancer, pregnancy, puerperium, etc.
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○ RF of stroke and other comorbidities: HBP, atrial fibrillation (AF), valvular

heart diseases, diabetes mellitus, alcoholism, smoking, dyslipidemia,

thrombosis, drug abuse, history of dementia or cognitive impairment,

migraine, other underlying diseases (heart disease, intermittent claudication,

epilepsy, sickle cell anaemia, antiphospholipid syndrome, etc.).

● Family history: stroke, acute myocardial infarction, hereditary diseases predisposing

to stroke (Cerebral Autosomal Dominant Arteriopathy with Subcortical Infarcts and

Leukoencephalopathy [CADASIL] syndrome, sickle cell anaemia, etc.).

● Medication: antihypertensives, insulin, anticoagulants, antiplatelet drugs, oral

contraceptives, hormone replacement therapy...

● Previous score on the modified Rankin Scale (mRS) (Annex 3, (24) and Dr Joaquín

Serena courtesy): a simple scale that assesses the degree of disability of the patient. It

has 7 stages (from 0 to 6), with 0 being a fully independent person and 6 being death.

It is important to accurately determine, with the help of the patient and/or relatives,

the baseline degree of disability, as one of the inclusion criteria for the activation of

the stroke code is the score on this scale. Rapid action to initiate patient management

or stroke code activation will not be taken if the patient has a high baseline mRS score

(16).

Neurological and general examination.

Given the severity of the condition, the physical examination should start with the assessment

of vital functions: cardiorespiratory function, heart rate, blood pressure, oxygen saturation,

temperature and blood glucose (16).

Recognising the clinical signs of stroke in a patient is the most important step. To do this, a

complete neurological examination of all brain functions must be performed (7). There are

validated scales, such as that of the National Institute of Health Stroke Scale (NIHSS, Annex

4, Dr Joaquín Serena courtesy), which allow a rapid initial assessment, determine the severity

and prognosis of the stroke, as well as the need or not for revascularization treatment (25).

The aspects that should be assessed in the neurological examination are (16):

● Mental functions:

○ Level of consciousness.
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○ Orientation in space and time, assessed by answering simple questions on the

subject.

● Language: assessing comprehension, response to simple commands and general

expression.

● Cranial nerves.

● Oculocephalic deviation, which makes it possible to locate the affected territory. In

hemispheric strokes, the patient's gaze deviates towards the side of the lesion, while in

strokes of the trunk, the deviation is towards the plegic side (contralateral to the

lesion).

● Motor deficit: complete (plegia) or incomplete (paresis).

● Sensory deficit contralateral to the lesion.

● Cerebellar alterations.

● Evaluation of meningeal signs.

When examining a patient, the most suspicious signs/symptoms or neurological focality of

stroke, according to the Sociedad Española de Neurología (SEN) (16), are:

● Sudden motor deficits characterised by loss of strength, altered tone and first motor

neuron signs (such as Babinski's sign) in the hemibody contralateral to the lesion, or

in both hemibodies.

● Sudden onset alteration or loss of sensation in the face, arm or leg of one hemibody or

in the whole body.

● Sudden difficulty in speaking or understanding others (aphasia, dysarthria...).

● Sudden loss of vision in one or both eyes.

● Loss of balance, coordination or difficulty walking.

● Intense and sudden headache of unknown cause.

Similarly, there are certain unusual clinical manifestations that do not indicate stroke at first:

dizziness, loss of consciousness, amnesia, dysphagia, urinary or faecal incontinence, gradual

progression of symptoms… (16).

Therefore, detecting these symptoms is crucial since they serve to activate the well-known

"Stroke Code". The Servei Català de la Salut, in its latest update of the Instrucció 01/2013

that entered into force on May 6, 2022 (26), considers activation criteria of the code if:
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● The symptoms have started less than 24 hours ago, or the onset is uncertain, or it is an

awakening stroke.

● Sudden onset of focal symptoms (RAPID+, scale that allows the general population or

healthcare providers to identify a stroke, Annex 5 (26)), including TIA.

● Autonomy for daily basic activities without important comorbidities (RANCOM-,

tool used to quickly assess the previous functional situation of the patient, Annex 6,

(26)).

● No age limit, lower or higher. In patients aged <15 years, the Pediatric Stroke Code

will be activated.

A decision algorithm is attached in the Annex 7 (26), on suspicion of an acute stroke, for the

activation of the Stroke Code.

In addition, a general physical examination should be performed, including cardiorespiratory,

head-and-neck, abdominal, accessible arterial, and fundus examination (7).

Complementary examinations.

Complementary explorations allow the diagnosis to be confirmed and identify systemic

conditions that may simulate a stroke (see Differential diagnosis section). For this reason, it is

carried out systematically in all patients (7,21,27):

● Blood tests: blood count, blood glucose, electrolytes, platelet count, prothrombin time

(PT), activated partial thromboplastin time, International Normalised Ratio (INR),

renal profile, cardiac ischaemia markers (troponins) and fasting or nonfasting lipid

profile.

● Electrocardiogram (ECG).

● Oxygen saturation.

● Neuroimaging: CT or MRI, usually including m-CT or mp-MRI information of plain

CT scan (ischaemic vs. hemorrhagic), as well as established infarct volume,

penumbra, mismatch and markers of hemorrhagic growth, if this is the case (as shown

in figure 4).

On an individual basis, the complementary tests could be extended according to suspicion of

other entities: liver profile, toxicological examination, blood alcohol test, pregnancy test,

arterial blood gases, chest X-ray, lumbar puncture, electroencephalogram, etc. (27).
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3.2.6. Differential diagnosis

There are a number of entities that can simulate a stroke, also known as "stroke mimic".

Theoretically, they are easy to differentiate with a correct anamnesis, physical examination

and complementary tests, but in routine clinical practice this is not the case (16). In some

series, up to 15-30% of patients with suspected stroke actually suffered from another

pathology (28).

The entities that most frequently simulate a stroke and should be ruled out are (16):

● Seizures or post-ictal period, as they can present hemiparesis, aphasia, hemianopsia,

etc. It is the pathology that most frequently simulates a stroke, affecting 5% of

patients with suspected stroke (SEN guide).

● Migraine with aura: characterised by headache with or without visual disturbances

(aura) or sensory or motor deficits. In this case, the symptoms are more gradual.

● Hypoglycaemia: may cause focal symptoms and signs that mimic a stroke (whereas

hyperglycaemia in patients with stroke is associated with a worse prognosis).

Therefore, in all patients with neurological focality, hypoglycemia should be ruled out

by blood glucose measurement.

● Hypertensive encephalopathy: a condition presenting with headache, delirium

and/or neurological focality caused by HBP. It is a diagnosis of exclusion, after

having ruled out stroke.

● Conversion disorder: neurological entity in which the patient unconsciously

develops neurological symptoms following a traumatic event, with normal imaging

tests.

● Others: subdural haematomas, abscesses, tumours and brain metastases, trauma, drug

abuse, alcoholic encephalopathy, systemic infections or multiple sclerosis... etc.
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3.2.7. Treatment

Ischaemic stroke is a life-threatening emergency. The prognosis and subsequent disability

depend, to a large extent, on the speed with which revascularizing treatment is established.

Currently, only two types of recanalization treatment are available in the acute phase of

stroke, and they can be administered individually or in combination (21):

● Endovenous fibrinolysis with recombinant tissue plasminogen activator (rt-PA).

● Endovascular treatment with mechanical thrombectomy.

Mechanical thrombectomy cannot delay the administration of rt-PA, but neither should

endovascular treatment be delayed to complete the systemic perfusion of fibrinolytic (7,27).

As can be seen, the treatment options in the acute phase of ischaemic stroke are very limited.

Moreover, they have a narrow temporal therapeutic window and a wide range of

contraindications and potential complications, which greatly reduce the population of patients

who can benefit from them. In addition, mechanical thrombectomy can only be done if an

occluded vessel is evident by neuroimaging. Furthermore, it is not available in all centres and

is only performed in hospitals with experienced professionals (7). For this reason, some

patients with ischemic stroke may not receive any revascularization treatment.

The following table lists the main indications and contraindications of these treatments,

according to the medical guide of the Societat Catalana de Neurologia (7).
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Table 3. Indications and
contraindications for

fibrinolytic therapy and
endovascular treatment

(adapted from (7)).
Computerised tomography

(CT); Diastolic blood pressure
(DBP); Fluid-attenuated

inversion recovery (FLAIR);
International normalised ratio

(INR); Magnetic resonance
imaging (MRI); National
Institute of Health Stroke

Scale (NIHSS); Prothrombin
time (PT); Recombinant tissue
plasminogen activator (rt-PA);
Systolic blood pressure (SBP).
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3.2.8. Etiological study

The aetiological diagnosis consists of performing a series of tests on the patient according to

the suspected aetiology that has caused the stroke. One of the reasons why the SSS-TOAST

classification is very important is because it allows the patient to be classified according to a

first etiopathogenic suspicion of stroke (20). Depending on this, certain tests will be carried

out to identify possible cardioembolic sources, thromboembolism due to atherosclerosis of

large vessels, hypercoagulable states, etc.

This aetiological study allows, not only to categorise the type of stroke, but also to administer

the optimal treatment in the acute phase and to establish a secondary prevention strategy

according to the findings (7,21).

The following list shows the AHA/ASA recommendations on the aetiological study of

ischaemic stroke (21):

1. In case of doubts about the diagnosis of stroke due to a negative initial neuroimaging

or suspicion of TIA, a cranial MRI could be performed since a quarter of acute strokes

with a negative initial cranial CT will have MRI evidence of acute/subacute infarction

(29). In patients with posterior circulation stroke, MRI can also be used to confirm the

diagnosis (30).

2. Perform a blood test as described in section 3.2.5 (Complementary examinations). It

allows to identify metabolic and/or haematological alterations and to stratify patients

according to the risk of recurrence.

3. Perform an ECG to diagnose AF or detect other comorbidities such as acute

myocardial infarction.

4. A vascular study must be performed in all patients, such as transcranial Doppler

(TCD) ultrasound and of both of the supra-aortic trunks, computed tomography

angiography (CTA) or magnetic resonance angiography (MRA). Arteriography is the

gold standard, but it is rarely performed as it is an invasive procedure.
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5. Detecting symptomatic intracranial atherosclerotic disease and symptomatic intra- or

extracranial vertebrobasilar stenosis allows to classify patients at high risk of

recurrence. Furthermore, the study of collateral circulation and cerebral hemodynamic

reserve can be performed. It is, therefore, important to perform non-invasive studies,

such as transcranial Doppler ultrasound, to identify them and indicate the appropriate

secondary prevention treatment.

6. In patients with suspected cardioembolic stroke or without evident stroke aetiology, it

is advisable to perform echocardiography to identify cardioembolic sources with a

possible treatment. Transthoracic Echocardiography (TTE) is preferred for the study

of left ventricular thrombi, while Transesophageal Echocardiography (TEE) is more

sensitive to the detection of left atrial thrombi, aortic atheromatous plaques, native or

prosthetic valve abnormalities, atrial septal abnormalities or cardiac tumours.

7. In patients with stroke of unknown aetiology, after performing the aforementioned

studies, prolonged cardiac monitoring (2-3 weeks), especially Holter ambulatory

monitoring, has been shown to detect high rates of unknown AF. Cardiac CT has a

very good specificity (95%) but lower sensitivity (72%) to the detection of embolic

sources in strokes of unknown origin (21). The role of cardiac MRI is also scarce in

this type of patients.

8. If rare causes of stroke are suspected, additional testing should be performed based on

diagnostic suspicion guided by medical history, physical findings, and basic test

results.

The following figure summarises what has just been presented: the diagnostic algorithm from

the time a stroke is suspected in a patient until its aetiology is found.
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Figure 11. Algorithm for the diagnosis of stroke and the detection of its possible aetiology. Colours
correspond to Class of Recommendation in Anexo 8 (21).

Computerised tomography (CT); Computed tomography angiography (CTA); Electrocardiogram (ECG);
Magnetic resonance angiography (MRA); Magnetic resonance imaging (MRI); Patent foramen ovale (PFO);

Source of embolism (SOE); Transcranial Doppler (TCD); Transesophageal echocardiography (TEE);
Transthoracic echocardiography (TTE); Ultrasound (US).

34



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

3.2.9. Secondary prevention

Secondary prevention should include the same general recommendations as mentioned for

primary prevention (17,18).

In addition, depending on the aetiology that caused the stroke according to the results of the

aetiological study tests, specific recommendations will be made for each type of stroke.

Below is a brief summary (21):

● Atherothrombotic strokes (31), lacunar strokes and strokes of undetermined aetiology:

high doses of statins and antiplatelet aggregation therapy (in some specific cases,

double antiplatelet therapy for 21 days).

● Cardioembolic strokes:

○ Non-valvular aetiology: anticoagulant treatment.

○ Valvular aetiology: antiplatelet or anticoagulant treatment depending on the

specific aetiology.

3.2.10. Recurrence of Atherothrombotic Stroke

As previously mentioned, atheromatous disease and carotid atherosclerosis are important

causes of stroke and, therefore, morbidity and mortality. Thus, it is crucial to determine and

explore different parameters that are predictors of a new stroke recurrence.

If these risk markers were known and detected in each patient, a more or less aggressive

treatment could be implemented depending on their risk of recurrence. In this way, a better

selection of patients would be made who, due to their risk of stroke recurrence, must undergo

surgical treatment, which a priori has more risks, or who simply need to undergo intensive

medical treatment (10).

Currently, clinical, neuroimaging and analytical markers are available (e.g. plaque

vulnerability biomarkers), and could help in predicting this risk of recurrence.

The following table lists the main clinical, hemodynamic, and neuroimaging parameters that

may be useful in daily clinical practice to predict this risk of recurrence. As can be seen in

figure 12, the parameters that indicate a higher risk of recurrence are those that benefit more

from revascularization treatment, that is, surgery (carotid endarterectomy [CEA] or carotid

angioplasty with stenting).
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Figure 12. Clinical, haemodynamic, and neuroimaging parameters useful in routine clinical practice (10).

Cerebrovascular reactivity (CVR); Confidence interval (CI); Hazard ratio (HR); Internal carotid artery (ICA);

Microembolic signals (MES); Transient ischaemic attack (TIA).

  As can be seen, microembolic signals (MEs) are the most powerful predictor of recurrence

risk, with a hazard ratio (HR) of 6.56. The next most powerful marker is plaque

characteristics, with a HR = 3.66. That is why both entities are key points of this clinical

trial.

In a prospective observational study published in The Lancet Neurology (32), the presence of

MEs detected by transcranial Doppler ultrasound of the MCA was studied for at least 1 hour

at baseline and at 6, 12, and 18 months, as shown in the following figure.

Figure 13. Detection of cerebral microemboli signals (MEs) in unstable plaques by transcranial Doppler.
The typical detection of MEs is shown, as well as their spectral identification in the middle cerebral artery

(MCA, shown in the picture as ACM) ipsilateral to the carotid stenosis, with detection at 2 different depths (53
mm and 48 mm) while the microembolism travels through the cerebral artery (DWL detection software).

Courtesy of Dr Joaquín Serena.
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This prospective study concluded that the absolute annual risk of ipsilateral stroke or

transient ischemic attack was 3.62% in patients with MEs and 0.70% in patients without

MEs.

Figure 14. Annual stroke risk according to the presence or absence of cerebral microemboli signals (MEs).
Courtesy of Dr Joaquín Serena, adapted from (32).

Therefore, the detection of MEs can be used to identify patients who are at increased risk of

stroke and TIA, as well as those who are at low risk of recurrence. Consequently, it would be

useful to select patients who would possibly benefit from surgical treatment of said carotid

atheroma plaque (CEA or stenting) (32).

3.3. Mobile carotid plaques

3.3.1. Definition and background

As previously mentioned (section 3.2.8. Etiological study), in patients with possible

atheromatous stroke, it is advisable to perform an ultrasonographic study of the supra-aortic

trunks to detect possible carotid stenosis.

This is why, for some years now, more and more cases of carotid atheromatous plaques

with mobile characteristics have been reported (33), both in stenotic and non-stenotic

plaques (34).

Mobile carotid plaques (MCP) are defined as abnormal plaque motion in all or part of the

plaque, identified by ultrasonographic study (35). Furthermore, it has been suggested that
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MCP are associated with high risk of stroke and recurrence, in spite of absence of relevant

carotid stenosis (34).

According to the characteristics of each of the MCP on carotid ultrasound, they are classified

into 5 types (36,37) (figures 19, 21, 22, 24 and 25):

● Jellyfish-type plaque.

● Streaming-band-type plaque.

● Mobile-thrombus-type plaque/Carotid free-floating thrombus.

● Fluctuating-ulcer-type plaque.

● Snake fang-type plaque.

However, it is still a largely unknown area, as the scarce literature is mostly based on case

series. Therefore, both the natural history of these MCP and their management and treatment

are highly controversial (33,38).

Further adding to the uncertainty is the lack of precise description (39). Many authors refer to

them as "mobile plaques or floating plaques" (36,40,41), but others use the term "carotid

free-floating thrombus" (33,42), that is only one subtype of mobile plaques. This makes the

literature and knowledge on this topic disparate.

3.3.2. Epidemiology

As the characterisation and detection of these plaques is not yet fully elucidated, the

epidemiology is uncertain, and numbers vary widely.

According to Kotval (43), there is an estimated prevalence of 1 MCP per 2000 carotid

ultrasound scans. More recent studies estimate that 12.8% of strokes associated with external

carotid atherosclerosis are due to MCP (36).

3.3.3. Diagnosis

The optimal method for diagnosing MCP also differs to some extent, with some authors using

Doppler ultrasound of the supra-aortic trunks, others using CTA, MRA or even digital

subtraction angiography (DSA) (33).
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Although MCP can be detected by any of the previously mentioned techniques, eco-Doppler

ultrasound of the supra-aortic trunks, a widely available and non-invasive method, is

increasingly used to assess plaque morphology and content.

Furthermore, ultrasound is the only method that provides information about plaque mobility,

the main anatomical feature associated with increased stroke risk in MCP (33,44).

Figure 15. Movement of a Mobile Carotid Plaques (MCP).

Image A shows a longitudinal B-mode ultrasonography of the cervical internal carotid artery (ICA) with the

jellyfish sign (square D). Image B shows a scheme of this ultrasonography. Image C is a montage of the

movement of this mobile carotid plaque (arrows) (44).

3.3.4. Histologic characteristics

In Annex 9 (45) we include the classic and accepted histopathological characteristics

associated with unstable plaque or vulnerable plaque. In their management, there is consensus

on the indication for intensive medical treatment, while surgical treatment (stent or CEA) is

not indicated, in spite of the well known increased risk of stroke associated with the

characteristics of vulnerable plaques.

In terms of the anatomopathology of MCP, the histological features of these plaques have

been found to be different from those of symptomatic non-MCP (44).
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In particular, the necrotic core of MCP was found to be significantly larger than in

non-MCP. A higher frequency of mural thrombus and a lower median minimum fibrous cap

thickness were also observed in MCP compared to non-MCP, although the relationship was

not significant (46).

Figure 16. Histology of a Mobile Carotid Plaques (MCP) (I).

Masson's trichrome stained image of a carotid bifurcation showing A) complete disruption of the fibrous cap

(arrow); B) cross section showing a large necrotic core with intraplaque haemorrhage (*) covered by a thin

fibrous cap (arrow); C) intramural fibrin deposition, indicating a mural thrombus (double arrow) (46).

Figure 17. Histology of a Mobile Carotid Plaques (MCP) (II).
Masson's trichrome stain of a carotid plaque showing the mobile plaque area (D), with thinning and rupture of

the fibrous caps overlying the plaque; and the non-mobile plaque area (E), with a thickened fibrous capsule
overlying the plaque (44).

3.3.5. Implications

Despite the apparent low prevalence of these plaques, the main interest in their study is the

high rates of acute-phase stroke recurrence that have been observed. In the study

conducted by Ogata et al. (36), 33.3% of patients with MCP had early stroke recurrences

compared to 7.3% in patients with non-MCP. Similar results have been recorded in other

studies (33), as seen in figure 18. This high recurrence implies increased neurological focality

in acute phase and greater short- and long-term neurological disability.
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Figure 18. Kaplan-Meier plot for 30-day outcomes in stroke patients with mobile carotid plaques (33).

Transient ischaemic attack (TIA).

Although the reason for these behaviour of the MCP is not completely known, as their natural

history is unknown, it is hypothesised that the histological characteristics of these plaques

could explain, to a large extent, the high risk of stroke recurrence in patients with MCP (46).

It also appears that the mean degree of stenosis measured by Doppler ultrasonography is

significantly lower in stroke patients with MCP compared to patients with non-MCP

(34,36). This could be related to the lower neurological deficit in stroke patients with MCP at

admission compared to patients with non-MCP (median NIHSS 1 vs. 4) (36).

Ulcer formation in atheromatous plaques is a well known marker of vulnerability and of

aggressive behaviour. Ulcer formation in MCP has been found to be more frequent

(58.3%) than in non-MCP (11%) (36).

All of these studies were based on samples with very few patients, so data on the prevalence

or early recurrence of stroke for each plaque subtype require further study.

3.3.6. Subtypes of mobile plaques

As mentioned above, there have been described 5 subtypes of MCP. This classification has

been carried out mainly by the work of Ogata et al. (36), but also by the studies of Tateishi et

al. (37).
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Jellyfish-type plaque:

The Jellyfish-type plaque is characterised by upward and downward mobility of the fibrous

cap with the heartbeat, a feature that gives it its name, due to the similarity in its movement

with the tentacles of a jellyfish (36,40). In the Ogata et al. study (36) it was found to be the

most common carotid plaque subtype and the one with the highest rate of early stroke

recurrence.

Figure 19. Jellyfish-type plaque seen by supra-aortic trunk ultrasound (A) and its scheme (B) (36).

It appears that such mobility is due to thinning and rupture of the fibrous cap of the plaque.

This could result in the continuous release of embolic material, leading to new early

ischaemic events. Jellyfish-type plaques have, therefore, been identified as an important

predictor of ischaemic stroke recurrence and a sign of high-risk plaque vulnerability (44).

Figure 20. Kaplan–Meier survival estimation of the proportion of patients remaining free of ipsilateral
ischemic stroke event for subjects of the three groups: IPH(−); IPH(+)JF(−); and IPH(+)JF(+) (44).

Intraplaque haemorrhage (IPH); Jellyfish sign (JF).
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Streaming-band-type:

According to Ogata et al.'s description (36), this subtype of MCP is characterised by mobility

at its edge, which appeared wavy, like a "flow band" due to rupture of the fibrous capsule.

It is the second most frequent subtype and has a lower risk of stroke recurrence than the

Jellyfish-type plaque.

Figure 21. Streaming-band-type seen by supra-aortic trunk ultrasound (A) and its scheme (B) (36).

Mobile-thrombus-type plaque or   carotid free-floating thrombus:

This subtype appears to be caused by the formation of a thrombus on a previously ruptured

atheroma plaque (36). Thus, the thrombus attached to the plaque shows mobility in all its

parts. Although none of the patients in Ogata et al.'s study with this plaque subtype showed

recurrence (36), other studies have linked this subtype to an increased risk of early stroke

recurrence (33). As already mentioned, this is the subtype of MCP that creates confusion in

terms of nomenclature, since many authors use the term “MCP” or “free-floating thrombus”

interchangeably, actually being different terms.

Figure 22. Mobile-thrombus-type seen by supra-aortic trunk ultrasound (A) and its scheme (B) (36).
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Figure 23. Mobile-thrombus-type seen during a carotid endarterectomy (CEA) (41).

Fluctuating-ulcer-type plaque:

This subtype of plaque is characterised by mobility at the bottom of an ulcer in the carotid

plaque (36). This mobility is caused by a mobile substance that appears to move out of the

ulcer and back in with each heartbeat. Patients studied by Ogata et al. (36) with this subtype

of plaque had no stroke recurrences.

Figure 24. Fluctuating-ulcer-type plaque seen by supra-aortic trunk ultrasound (A) and its scheme (B) (36).
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Snake fang-type plaque:

This subtype is characterised by the presence of floating thrombi in the distal region of small

carotid atheromatous plaques without significant stenosis or plaque vulnerability (37). This is

called “snake fang sign”, as it resembles the fangs of a snake, as seen in figure 25.

Floating thrombi in plaques produce a vortex flow, which is conducive to the formation of

embolic material.

Figure 25. Snake fang-type plaque seen by ultrasound of the supra-aortic trunk (A), vortex flow (B) and its

outline (C) (36).

Common carotid artery (CCA); External carotid artery (ECA); Internal carotid artery (ICA).

3.3.7. Treatment

Regarding the management of MCP, there is no consensus on their treatment in symptomatic

patients suffering from an acute ischaemic stroke or a TIA (33,36,44). Furthermore, no

studies have been conducted to determine the optimal treatment in these patients.

It is unclear whether best medical treatment (BMT) or interventional/surgical treatment is

better. Within medical treatment, it is also unclear whether the use of anticoagulation is

superior to antiplatelet therapy or viceversa. The same applies to interventional treatment

with stents or CEA (33).

In a recent systematic review focusing on carotid free-floating thrombus (33), there were no

differences in outcomes for any anticoagulation regimen or when to perform the

surgical/interventional revascularization procedure. However, the evidence is of very low

quality and warrants a large-scale randomised clinical trial in floating carotid thrombi and

other MCP subtypes.
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4. JUSTIFICATION

As mentioned in the Introduction section, the epidemiology of stroke reflects its major impact

on society and health systems. Therefore, research into its prevention, diagnosis, treatment

and risk reduction of sequelae is a priority.

Among the different aetiologies of ischaemic stroke, atherothrombotic stroke accounts for

17-20% of the total (21). Hence, its proper management is crucial to reduce the morbidity and

mortality associated with it.

In atherothrombotic stroke, internal carotid artery (ICA) significant stenosis or intracranial

artery stenosis of atheromatous origin are the main source of distal embolic stroke. The

embolism is due to a local clot or to a piece of ruptured plaque that is carried by the

bloodstream (embolus) and oclude a distal intracranial artery.

Treatment of carotid stenosis, particularly symptomatic stenosis, is well established (7).

However, several studies (33,36,44) have shown that, in a high proportion of patients, the

aetiology of atherothrombotic ischaemic stroke is associated with non-significant stenosis

atheromatous plaques in the ICA (33,34), often with malignant features described as mobile

carotid plaques or MCP (17-33.3% of increased stroke risk, according to some authors

(33,36)).

The epidemiology of these MCP is scarce and uncertain, as the literature has low quality and

its mostly based on case series with very few patients. Furthermore, the imprecise description

of these plaques makes it difficult to reach a consensus on their management, as the

terminology of “mobile plaques” and “floating thrombi” is often used interchangeably

(39,47). To date, only one systematic review on the subject is available, but it only focuses on

the study of floating thrombi (a subtype of MCP), establishing a prevalence of 1.53% of

stroke patients and a 30-day risk of stroke recurrence or death of 17.1% (33).

What the literature strongly suggests (33,36,44) is that these MCP have been associated with

an increased risk of atherothrombotic ischaemic stroke and early stroke recurrence. However,

further scientific evidence studies are required to demonstrate this.
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The definition criteria, subtypes, diagnosis and treatment of these MCP are not well

established, due to the limited conclusive literature available. In addition, its prevalence is

probably underestimated, as suggested by recent studies (27), since its diagnosis has

increased in recent years due to the increased use of early noninvasive vascular imaging,

particularly of high-definition Doppler ultrasound of the supra-aortic trunks.

Therefore, given the lack of knowledge in this area, as well as the increased risk of stroke and

early recurrence, it is important to investigate its optimal diagnosis, early clinical course, and,

above all, its most appropriate treatment.

As mentioned, the risk of stroke recurrence from these MCP is high and early (17-33.3%)

(33,36), while the risk derived from a surgical or interventional carotid treatment (carotid

endarterectomy [CEA] or stent) is very low (<1%) (48), so considering this intervention in a

clinical trial would be justified.

For this reason, it seems reasonable in this scenario of lack of knowledge, to propose a

randomised clinical trial that studies the efficacy of CEA/stent as treatment in the acute phase

of ischemic stroke caused by MCP, and its possible superiority with respect to the best

medical treatment (BMT) for atherothrombotic stroke, not analysed until now.
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5. HYPOTHESIS

Main hypothesis.

● Surgical treatment (carotid endarterectomy [CEA] or stenting) is superior to the best

medical treatment (BMT) in preventing early stroke recurrences in patients with

mobile carotid plaques (MCP), and it is associated with a better functional outcome.

Secondary hypothesis

● Cerebral microembolic signals (MEs) will be detected more frequently on the 5th day

(±24 hours) post-randomization in patients with MCP-associated stroke treated in the

acute phase with BMT than in those treated with CEA/stent.

● The risk of recurrence at one month, three months and one year post-stroke will be

lower in the group of patients with MCP whose treatment in the acute phase was

surgical (CEA/stent), compared to the arm treated with BMT.

● The degree of dependence at three months, measured using the modified Rankin Scale

(mRS), will be lower in the group of patients with MCP whose treatment in the acute

phase was surgical (CEA/stent) compared to the arm treated with BMT.
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6. OBJECTIVES

Main objective

● To determine the risk of early recurrence (<72 hours post-admission) by adjudicated

acute phase treatment (carotid endarterectomy [CEA]/stenting vs. best medical

treatment [BMT]).

Secondary objectives

● To determine the presence of cerebral microembolic signals (MEs) in strokes

associated with mobile carotid plaques (MCP), evaluated on the 5th day (± 24 hours)

post-randomization, according to the treatment awarded in the acute phase (CEA/stent

vs. BMT).

● To determine the risk of stroke recurrence at one month, three months and one year

post-index stroke, according to the treatment administered in the acute phase

(CEA/stent vs. BMT).

● To establish the degree of disability at 3 months, using the modified Rankin Scale

(mRS), per adjudicated treatment (CEA/stent vs. BMT).
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7. MATERIALS AND METHODOLOGY

7.1. Study design

To study the main objective of this project, a randomised, open-label, multicentered,

prospective, controlled, parallel groups, clinical trial is designed.

The study is designed to compare, as its main objective, the risk of early recurrence of

ischemic stroke in patients with MCP according to the treatment received in the acute phase

(CEA/stenting vs. BMT) and, thus, determine the optimal treatment for this type of patients.

All patients will be treated following the current protocol, but they will be randomised in a

ratio 1:1 into one of the following two groups:

● Group 1: Patients with an ischaemic stroke caused by MCP treated in the acute

phase with CEA/stenting.

● Group 2: Patients with an ischaemic stroke caused by MCP treated in the acute

phase with BMT.

It is important to clarify that what we are studying is treatment in the acute phase. However,

all patients who suffer an atherothrombotic stroke (including those in this study), as soon as

they are admitted to the Stroke Unit (SU), should receive secondary prevention medical

treatment (BMT) in accordance with current guidelines (21), although individualised

according to the specific characteristics of each patient.

Therefore, this BMT will be considered acute phase treatment and secondary prevention

treatment in the group of patients belonging to the BMT arm. However, the other arm

(CEA/stent group) will have CEA/stent as acute phase treatment and medical therapy (BMT)

as secondary prevention treatment.

In summary, both arms of the clinical trial will receive secondary preventive medical

treatment (BMT).

This process is schematized in the following figure.
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Figure 26. Explanatory diagram on the acute phase treatment and secondary prevention treatment of the

patients who will enter this study.

Best Medical Treatment (BMT); Carotid Endarterectomy (CEA); Mobile Carotid Plaques (MCP);

recombinant tissue Plasminogen Activator (rt-PA).

Regarding the masking method, an open-label method was chosen because the different

interventions (CEA/stenting vs. BMT) are very obvious to both participants and researchers.

Since this clinical trial focuses on the study of MCP, plaques with a very aggressive

behaviour, the name of the study will be "The PLACA VIL trial", an acronym in Spanish

for "PLAca CArotídea móVIL".

7.2. Study setting

Given the low prevalence of MCP, this project will be multicentre, with the collaboration of,

at least, 13 centres among the 23 potential participating centres belonging to the Sociedad

Española de Neurosonología (SONES), RICORS-Ictus and Proyecto Ictus. All of these

centres have vascular neurologists with expertise in neurosonology and a SU similar to the

one of the Hospital Universitario Doctor Josep Trueta (HUDJT), that also belongs to these

three organisations. The list of hospitals belonging to these networks that will participate in

the study is attached in Annex 10.

The participating centres not only have experience in doing collaborative research projects,

but also have similar technical characteristics. All of them have equipment for CT, CTA,

Doppler ultrasound of the supra-aortic trunks, transcranial, and specific software for the

analysis of cerebral MEs.

As mentioned, the SUs are also very similar. The SU of each centre consist of:
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● Health professionals specialised in stroke, which allows a multidisciplinary approach

of the patient.

● Non-invasive continuous monitoring equipment (ECG, heart rate, respiratory rate,

oxygen saturation) and continuous video surveillance from the nursing control. These

integrate a predictive system of hidden causes responsible for stroke (e.g. AF).

● Each room has mobilisation cranes on the ceiling and adapted spaces capable of

starting an early rehabilitation.

7.3. Subjects selection

The population of this study will consist of consecutive patients admitted to the SU of the

participating centres belonging to the SONES, RICORS-Ictus and Proyecto Ictus Annex 10

for an ischaemic stroke caused by MCP detected in a high-definition colour Doppler

ultrasound study of the supra-aortic trunks, according to criteria defined in the Introduction

section. Patients must have previously read and understood an information sheet (Annex 11)

about the study as well as having signed the informed consent form (Annex 12).

7.3.1. Inclusion criteria

Patients who meet all of the following requirements may enter the present study:

1)   Acute neurological deficits compatible with cerebrovascular event which meet the

following criteria:

- Clinical duration of less than 1 hour, with no signs of acute cerebral ischaemia

on CT. This is defined as TIA. It is evaluated by a vascular neurologist.

- Clinical duration greater than 1 hour and/or evidence of acute cerebral

ischaemia on CT. This is defined as Acute Ischaemic Stroke.

2) Patients with an ischaemic stroke of possible large-artery atherosclerosis

aetiology, according to SSS-TOAST criteria.

3) Consecutive patients with extracranial MCP (according to the criteria defined in

the Introduction section) shown on high-definition colour echo-Doppler study of the

supra-aortic trunks.

4) Patients with a pre-admission mRS ≤ 3.

5) Adult male or female patients ≥ 18 year.

6) Follow-up of the patient contemplated by this study (1 year) after the index stroke.

7) Accepted and signed informed consent form (Annex 11 and 12).
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7.3.2. Exclusion criteria

Patients will be definitively excluded from the study if they meet any of the following

criteria:

1) Patients with an ischaemic stroke of possible or probable small-artery disease,

cardioembolic stroke, stroke of other determined aetiology and/or stroke of

undetermined aetiology, according to the SSS-TOAST classification.

2) Patients with internal carotid stenosis > 50% (probable large-artery

atherosclerosis according to SSS-TOAST criteria).

3) Patients with atherosclerosis of the intracranial carotid artery, anterior cerebral

artery, middle cerebral artery (MCA) or involvement of the posterior cerebral

territory.

4) Total occlusion of a cerebral vessel ipsilateral to the lesion.

5) Patients with a pre-admission mRS >3.

6) Patients with severe neurological deficit after index stroke (mRS >4)

7) Patients with haemorrhagic stroke or subarachnoid haemorrhage shown by

neuroimaging.

8) Stroke mimic.

9) Pregnancy or breastfeeding.

10) Patients who, for whatever reason, do not understand the study and, therefore, do

not have the autonomy to make the decision to participate or not.

11) Life expectancy (except for stroke) < 3 months.

12) Patients who do not give informed consent.

7.2.3. Withdrawal of the study

Patients who agree to participate in the clinical trial must commit to the follow-up established

in the protocol and the investigators must encourage them to do so. However, patients may

withdraw from the study if a number of situations are met.

Each participant loss must be declared and recorded in a "Loss Record", adding the patient's

data and the reason for withdrawal from the study. The data obtained up to the time of the

participant's withdrawal will be used for the study.

Participants may withdraw from the study if any of the following situations occur:
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● Voluntary decision to leave the clinical trial by means of the "Application for

Withdrawal of Consent to Study" (Annex 13). The decision to be excluded from the

study should preferably be recorded in writing.

● Patients that at any time of the clinical trial meet an exclusion criteria because it was

developed after their inclusion.

● Loss of patient follow-up, if the patient does not show up for one of the activities

included in the protocol.

7.3. Sampling

7.3.1. Sample size

The risk of early recurrence has been shown to be 0.03% in patients who undergo

CEA/stenting (48). However, the risk of recurrence in the BMT group is very imprecise

since, according to different authors, it varies from 17.1% to 33.3% (33,36). We consider

these figures to be very high and variable. Therefore, assuming a worse scenario, we establish

that the risk of recurrence in the group assigned to BMT is 8%.

In a two-sided test with a significance level (α risk) of 5%, a statistical power (1-β) of 80%,

foreseeing a moderate risk and a 5% of losses, we will need 206 patients.

This 5% loss has been established since, in previous clinical trials carried out by this research

group and its collaborators, the losses of participants with similar characteristics to those of

the patients included in the present study, were less than 3%.

Therefore, to find statistically significant differences between the two groups, we will need:

103 subjects in the group of patients treated with CEA/stenting and 103 subjects in the

group of patients treated with BMT.

The computations were carried out with the Prof. Marc Sáez’ software, based on the “pwr”

package of the free statistical environment R (version 4.2.2.).

7.3.2. Sample collection

As previously mentioned, the sampling method selected for the study will be a

non-probabilistic consecutive sampling. The choice to enter the study will be offered to

patients admitted to the SU of the centres belonging to the SONES, RICORS-Ictus and
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Proyecto Ictus (Annex 10) who meet all the inclusion criteria and none of the exclusion

criteria. The number of patients recruited in each hospital will be proportional to the number

of eligible patients. Eligible patients shall be provided with an understandable explanation of

the study (Annex 11) and shall be given and sign the informed consent form (Annex 12). The

sampling collection will be conducted until the sample size is fully achieved.

Regarding sample collection, each hospital will be responsible for the recruitment and

follow-up of its own patients. All data from each individual will be reviewed by the principal

researcher to determine the patients who will finally be included in the final sample,

depending on whether they meet the inclusion criteria and have no exclusion criteria. It is the

data from these patients that will be analysed.

7.3.3. Sample recruitment time

According to data obtained from the HUDJT Neurology Service (courtesy of Dr. Joaquín

Serena), it attends an approximate average of 600 ischemic strokes/year. The rest of the

potentially participating hospitals are reference hospitals for a number of inhabitants, on

average, similar to the HUDJT. In fact, there are certain hospitals with a higher volume of

patients. Thus, they attend a greater number of ischemic strokes per year.

The data regarding the prevalence of MCP are very variable, since there are authors, such as

Fridman et al. (33), who report a prevalence of MCP associated with stroke of 1.53%, while

others, such as Ogata et al. (36), up to 12.8%. However, the first data refers to a single

subtype of MCP, the carotid free-floating thrombus (the disparity in the nomenclature of these

plaques has already been previously commented). For this reason, and placing ourselves in a

worse scenario than the one reported by Ogata et al. (36), we consider a conservative

prevalence of MCP in patients with ischemic stroke of 3%.

Hence, it is estimated that it will be necessary to recruit patients for 1 year to achieve the

sample size indicated in the Sample size section.

This time is an estimation based on data from the HUDJT but, surely, since several hospitals

have much more admissions per year than the reference centre for this study (HUDJT), the

sample size will probably be reached prematurely.
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7.4. Variables

7.4.1. Independent variable

The independent variable for this study is “Type of treatment”. It will be expressed by

CEA/stenting or BMT. It is a qualitative dichotomous variable.

7.4.2. Dependent variable

The dependent variables of the study are set out below:

● Dependent variable of the main objective: “Early recurrence (<72 hours post-SU

admission for stroke)”. Recurrence is considered to be the experience of a new stroke,

TIA or death of the patient. It is a qualitative dichotomous variable. It will be

expressed by yes or not.

This variable will be determined by death of the patient due to stroke or a new onset

of clinical criteria of sudden neurological focality, assessed by expert vascular

neurologists. This may or may not be accompanied by neuroimaging tests (such as CT

or MRI), where the occurrence of a new cerebral ischaemic lesion will be assessed.

● Dependent variables of the secondary objectives:

○ Dependent variable of the presence of cerebral microembolism study:

“Presence or absence of cerebral microembolic signals (MEs) on the 5th day

(± 24 hours) post-randomization”. It is a qualitative dichotomous variable. It

will be expressed by yes or not.

The analysis of this variable will be carried out by transcranial Doppler

ultrasound performed on the 5th day (± 24 hours) post-randomization, using a

specific software for the detection and identification of cerebral MEs, with

continuous bilateral monitoring of both MCAs (Multi-Dop X of DWL®,

Sipplingen), for at least 1 hour.

○ Dependent variable of the recurrence at month 1: “Recurrence during the first

month post-admission”. As in the main dependent variable, recurrence

includes the occurrence of a new stroke, TIA or death of the patient. It is a

qualitative dichotomous variable. It will be expressed by yes or not.

This variable will be determined by death of the patient due to stroke or a new

onset of clinical criteria of sudden neurological focality, assessed by expert
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vascular neurologists. This may or may not be accompanied by neuroimaging

tests (such as CT or MRI), where the occurrence of a new cerebral ischaemic

lesion will be assessed.

○ Dependent variable of the recurrence at month 3: “Recurrence during the third

month post-admission”. As before, recurrence includes the occurrence of a

new stroke, TIA or death of the patient. It is a qualitative dichotomous

variable. It will be expressed by yes or not.

This variable will be determined by death of the patient due to stroke or a new

onset of clinical criteria of sudden neurological focality, assessed by expert

vascular neurologists. This may or may not be accompanied by neuroimaging

tests (such as CT or MRI), where the occurrence of a new cerebral ischaemic

lesion will be assessed.

○ Dependent variable of the long term recurrence study: “Recurrence during the

first year post-admission”. Recurrence includes the occurrence of a new

stroke, TIA or death of the patient. It is a qualitative dichotomous variable. It

will be expressed by yes or not.

This variable will be determined by death of the patient due to stroke or a new

onset of clinical criteria of sudden neurological focality, assessed by expert

vascular neurologists. This may or may not be accompanied by neuroimaging

tests (such as CT or MRI), where the occurrence of a new cerebral ischaemic

lesion will be assessed.

○ Dependent variable of the dependency study: “Degree of dependency in

activities of daily living three months after admission to the SU”.

This variable will be measured using the mRS scale (Annex 3). It is a

qualitative dichotomous variable, since it will evaluate the performance of a

good outcome (mRS <2) vs. a bad outcome (mRS >2).
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7.4.3. Covariates

● Age: at the moment of the first stroke episode. It is a discrete quantitative variable. It

will be measured in years.

● Sex: categorised as Male or Female. It is a qualitative dichotomous variable.

● rt-PA: variable that analyses whether the patient received intravenous fibrinolysis

(rt-PA) as recanalization treatment. It is a qualitative dichotomous variable. It will be

expressed by yes or not.

● Mechanical thrombectomy: variable that analyses whether the patient underwent a

mechanical thrombectomy as a recanalization treatment. It is a qualitative

dichotomous variable. It will be expressed by yes or not.

● Previous myocardial infarction: determined by the presence or absence of a

previous diagnosis of acute myocardial infarction in the patient's computerised

medical history. It is a qualitative dichotomous variable. It will be expressed by yes or

not.

● HBP: it is defined as a systolic blood pressure (SBP) of ≥140 mmHg and/or diastolic

blood pressure (DBP) of ≥90 mmHg, or history of medical treatment of hypertension

(49). It is a qualitative dichotomous variable. It will be expressed by yes or not.

● Diabetes mellitus, it is defined as (50):

- A haemoglobin A1c (HbA1c) ≥6,5%, or

- A fasting serum glucose (no caloric intake for at least 8 hours) of ≥126 mg/dL, or

- A serum glucose ≥200 mg/dL after 2 hours of a glucose oral tolerance test, or

- A serum glucose ≥200 mg/dL in any moment of the day in patients with classical

symptoms of hyperglycemia or hyperglycemic crisis.

It is a qualitative dichotomous variable. It will be expressed by yes or not.

● Dyslipidemia: it is defined as a total cholesterol ≥250 mg/dL, a low-density

lipoprotein (LDL) ≥130 mg/dL, a triglyceride level ≥200 mg/dL, or the use of a
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lipid-lowering agent (51). It is a qualitative dichotomous variable. It will be expressed

by yes or not.

● Smoking: it will be expressed by smoker (if the patient is a current or former smoker)

or non-smoker (if the patient has never smoked). It is a qualitative dichotomous

variable.

● Intermittent claudication: it is a mode of presentation of peripheral arterial disease.

It is defined as the onset of muscle pain triggered by physical activity of

low-to-moderate intensity, which requires rest for relief. It is a qualitative

dichotomous variable. It will be expressed by yes or not.

● Previous mRS: degree of dependency of the patient prior to the stroke index. It will

be expressed by the score on the mRS scale (Annex 3). It is a qualitative dichotomous

variable, since it will evaluate the performance of a good outcome (mRS <2) vs. a bad

outcome (mRS >2).

● BMI: following the BMI cut-off points (52), this variable will be categorised as

under-normoweight (<25 kg/m2), overweight (25-30 kg/m2) and obese (≥30 kg/m2). It

is a qualitative polytomous ordinal variable.

● MCP subtype: determined by the morphological characteristics found in the high

definition Doppler ultrasound of the supra-aortic trunks. It will be expressed as:

Jellyfish-type plaque; Streaming-band-type plaque; Mobile-thrombus-type

plaque/Carotid free-floating thrombus; Fluctuating-ulcer-type plaque or Snake

fang-type plaque. It is a qualitative polytomous nominal variable.
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Table 4. Summary of study variables, measurement method and categories.

Best Medical Treatment (BMT); Body mass index (BMI); Carotid endarterectomy (CEA); High blood pressure

(HBP); Microembolic signals (MEs); Mobile Carotid Plaques (MCP); Modified-Rankin scale (mRS);

recombinant tissue Plasminogen Activator (rt-PA).
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7.5. Study intervention

7.5.1. Enrollment

In the Subjects selection section, the population of this study has already been stated. The

enrollment process will begin with consecutive patients who attend the neurological

emergency services of the centres participating in the study with symptoms suggestive of

stroke. The first thing to do is to make a clinical diagnosis as detailed in the Introduction

section. An anamnesis will be carried out on the patient or the relative/witness, and also a

neurological and general examination. In addition, a blood test will be performed to help rule

out other causes of the symptoms as well as to determine if it would be possible to perform an

intravenous fibrinolysis based on analytical values in case of ischaemic stroke (e.g. INR

values). Upon arrival at the hospital, the patient will undergo a CT to rule out cerebral

haemorrhage and confirm or not the presence of ischemic lesion in the brain parenchyma that

explains that neurological focality. In the same way, a CTA will also be performed to

determine if there is occlusion of any vessel that is candidate for mechanical thrombectomy.

Based on the results, the most appropriate revascularizing treatment for each patient will be

decided: rt-PA or mechanical thrombectomy or rt-PA + mechanical thrombectomy or nothing.

The patient will be admitted to the SU of the centre in question, where he or she will be

monitored by measuring ECG, heart rate, respiratory rate, oxygen saturation, urine volume,

video surveillance from the nursing control and through periodic visits by the nursing and

medical staff. It is, at this time, that all patients will start treatment with BMT, as specified in

the Study design section.

This is so since, the first hours after the stroke, are those with the highest risk of early

recurrence (53). In atherothrombotic stroke, the risk is higher in the first 72 hours, decreasing

progressively afterwards. For this reason, the main objective of this clinical trial is focused on

determining the risk of early recurrence, studied during the first 72 hours post-admission.

Although, according to the symptoms, RF and comorbidities of the patient, there is already an

etiological suspicion (and for this reason the BMT was started from the first moment of

admission to the SU), the etiological study will be carried out (as mentioned in the

Etiological Study section), which will help to choose the patients for our sample. This is

because one of the most important inclusion criteria is that the index stroke is of

atherothrombotic aetiology.
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Within the first 24 hours post-admission, all patients will undergo a Doppler ultrasound of the

supra-aortic trunks in order to detect not only stenosis of the carotid lumen, but also the

presence or absence of MCP. If MCP are not detected in that ultrasound, the patient will be

excluded from the study. On the contrary, if any subtype of MCP is diagnosed, it will be at

that moment that the present clinical trial will be explained to the patient and, also, the

information sheet (Annex 11) and the informed consent form (Annex 12) will be given.

7.5.2. Randomization

Once the patient has understood the study, its stages, follow-up, possible complications

derived from the treatment, agreed to enter in it and signed the informed consent form

(Annex 11), it will be the moment in which the patient will be randomised in a ratio 1:1 into

one of the following two groups using a randomization computer program:

● Group1: Consecutive patients with an ischaemic stroke caused by MCP treated in the

acute phase with CEA/stenting.

● Group 2: Consecutive patients with an ischaemic stroke caused by MCP treated in

the acute phase with BMT.

Therefore, randomization will occur within the first 24 hours post-admission.

Figure 27. Randomization of the intervention

Best Medical Treatment (BMT); Carotid Endarterectomy (CEA); Mobile Carotid Plaques (MCP).

In addition, it should be made clear that patient data, including name, phone number, address,

and medical history information, will be anonymized. Each patient will be given an

identification (ID) code number.
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7.5.3. Intervention

All patients participating in the study, and belonging to both arms of the clinical trial, will be

studied for the presence of MEs. It will be carried out by continuous bilateral monitoring of

the MCA with a transcranial Doppler ultrasound and a specific software for the detection of

cerebral MEs, for at least 1 hour, during the first 24 hours post-stroke.

During their stay in the SU, data on the recurrence of the participating subjects will be

collected during the first 72 hours post-stroke.

Patients who have been randomised to the BMT group will continue medical treatment just

after the randomization process. Patients who have been randomised to the CEA/stent group

will undergo the intervention over the next 3 days (and continue with the BMT).

7.5.3.1. Carotid endarterectomy (CEA)/Stent

Patients who are randomised to the CEA/stent acute phase treatment arm will undergo a

surgical procedure within the first 3 days post-index stroke to prevent early recurrent strokes.

They are, therefore, prophylactic interventions, since they reduce the emboli generated in the

atheromatous plaque of the carotid bifurcation (54).

This period of time has been chosen to carry out the intervention since, the longer the time

between the stroke and the CEA/stent, the higher the risk of recurrence and the greater the

number needed to treat (NNT) to prevent a stroke (NNT=5 in <2 weeks vs. NNT = 125 in ≥2

weeks) (55).

There are 2 options to restore normal carotid flow: CEA or carotid stenting. In most of the

patients in our study, the chosen method will be stent placement, although surgical treatment

(CEA) is also allowed if there are centres that prefer one or the other, or cannot perform stent

placement. This is so since both procedures are comparable (55) and, as will be discussed

later, they have similar risk of complications. In addition, the stent is a less invasive method,

faster and without the need of general anaesthesia. However, the choice of treatment for each

patient must be individualised at criteria of each centre and investigator.

The patient should be told that, before undergoing a CEA/stent, they should receive standard

medical treatment and management antiplatelet therapy (BMT), have an ECG, blood tests,

urine tests, and chest X-ray. The patient should not smoke before surgery, as well as fasting
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for a minimum of 8 hours (55). After the intervention, the patient usually remains in the

hospital for 1 to 3 days.

CEA consists of the surgical removal of the atheromatous plaque, intima layer, and part of

the media layer of the stenosed carotid area. In addition, prosthetic graft is usually implanted

to further increase the carotid lumen (54).

After the results of “The North American Symptomatic Carotid Endarterectomy Trial”

(NASCET) (56), it was determined that it is only beneficial to perform a CEA in two

scenarios:

● If the stenosis is ≥70% but asymptomatic, treatment consists of CEA in selected

cases. The “Asymptomatic Carotid Atherosclerosis Study” (ACAS, (57))

demonstrated that, in this type of patients undergoing CEA, there is a significant

5-year reduction in the risk of stroke.

● If the stenosis is ≥50% but symptomatic, treatment with CEA or stenting will be done.

It is considered symptomatic if the patient has had an ipsilateral stroke, a TIA

manifested as unilateral or bilateral amaurosis fugax, hemiparesis and/or episode of

language disorder. As already mentioned, most of the patients in our study would

meet this requirement.

CEA can be performed using two main surgical techniques (55):

● Classic/conventional method:

An incision is made along the medial aspect of the sternocleidomastoid muscle until

reaching the carotid arteries. The flow of the ICA is temporarily stopped in order to

open it lengthwise. Prior to plaque removal, a shunt is placed to divert blood around

the endarterectomy site, which will be removed once the plaque has been removed

and the carotid sutured.

● Eversion method:

In this method, the internal carotid artery is cut obliquely at the base of the bifurcation

of the Common Carotid Artery (CCA). The plaque is divided, and removed, and the

artery is then sutured.
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Figure 28. Scheme of the Classic/conventional method (up) and Eversion method (down) of a carotid

endarterectomy (CEA) (adapted from (58,59))

Figure 29. Actual surgical procedure of a Carotid endarterectomy (CEA), extracted from The Mount Sinai

Surgical Film (60)
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However, instead of undergoing CEA, the patient could also undergo a minimally invasive

procedure such as Carotid Artery Angioplasty with Stenting. To do this, the carotid artery

must be accessed through a catheter that can be introduced through a femoral, brachial/radial

or carotid access (55). Intraoperative angiography is performed to visualise the catheter track.

This catheter reaches the carotid plaque where a balloon is inflated (angioplasty) to open the

lumen of the vessel and then, a stent (tubular metal mesh), is placed to decrease the

possibility of the artery narrowing again.

It is more commonly used in patients with multiple comorbidities, at high risk of

complications from general anaesthesia (as in this intervention is not required), patients with

radiation/anterior neck dissection, or tracheostomy.

Figure 30. Scheme of a carotid angioplasty with stenting (61)

Figure 31. Actual surgical procedure of a Carotid endarterectomy (CEA), extracted from Agrim Stroke &

Neurointervention (62).
Internal Carotid Artery (ICA).
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7.5.3.2. Best Medical Treatment (BMT)

Currently, the optimal treatment or BMT for atherothrombotic stroke recommended by most

clinical practice guidelines (21,63) consists of:

● Antiplatelet treatment:

○ Acetylsalicylic acid (ASA) 100 mg/day.

○ In minor stroke (NIHSS ≤3) or TIA: treatment with dual antiplatelet therapy, ASA

100 mg/day + Clopidogrel 300 mg loading dose, followed by 75 mg/day, for 21

days (to reduce the risk of recurrence in the first 90 days after stroke, since it is the

period with the highest risk of recurrence). After the 21 days, the normal regimen

of ASA 100 mg/day is followed.

● High potency statins: Atorvastatin 80 mg/day, with target LDL of <55 mg/dL or

decrease ≥50% if the baseline LDL was between 70-135 mg/dL.

● Strict control of classic cardiovascular RF:

○ Antihypertensive treatment if SBP ≥140 mmHg and/or DBP ≥90 mmHg (e.g.

Enalapril, with target SBP <130 mmHg and DBP <90 mmHg).

○ Hypoglycemic treatment if the patient is diabetic. The HbA1c target is <7%

(<6.5% being optimal).

○ Lose weight if overweight or obese, with a goal of BMI <25 kg/m2.

○ Mediterranean diet (high in potassium, low in salt [<1.5 g/day] and saturated fat).

○ Increase physical activity (moderate-intensity aerobic exercise for 40 minutes, 4

days a week, or 150 minutes/week).

○ Stop smoking and moderate alcohol consumption.

As mentioned previously, all patients will receive this pharmacological treatment and

cardiovascular risk factors recommendations (BMT), following standard clinical practice,

immediately after admission and regardless of the randomization arm in which they are

subsequently allocated.

On the fifth day after randomization, the study of the presence of MEs will be repeated, thus

evaluating the impact of the treatment received in the acute phase (CEA/stent vs. BMT) on

them. It is performed by continuous bilateral monitoring of the MCA with transcranial

Doppler ultrasound and specific software for the detection of cerebral MEs, for at least 1

hour.
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7.5.4. Follow-up

As mentioned in the Objectives section, one purpose of this study is to determine the

recurrence of stroke according to the treatment administered in the acute phase (CEA/stent vs

BMT) at one month, three months and one year post-MCP associated stroke.

Subsequently, the participants must attend 3 scheduled visits at 1, 3 and 12 months post-index

stroke. What will be evaluated in each visit is specified in later sections.

The visit one month after the stroke has been established, since if there has been a recurrence

in this period of time, it is expected that this is a reflection of the treatment carried out in the

acute phase. In clinical trials with objectives similar to ours, the first month is considered the

period with the highest risk of recurrence (while the plaque stabilises after treatment), as well

as the period where most of the post-surgery complications occur or adverse effects of

medical treatment appear.

Another visit has been scheduled at 3 months, since it is the moment in which a faster

recovery from the sequelae caused by the stroke is achieved. Thereafter, recovery is much

slower. For this reason, both in clinical trials that study the degree of post-stroke disability

using the mRS, and in daily clinical practice, a visit is scheduled at 3 months to study this

objective. Therefore, depending on the degree of disability of the patient, we will be able to

know if the intervention (CEA/stent vs. BMT) has clinical relevance or not.

Taking advantage of this visit, it will also be determined whether or not there have been

recurrences of the stroke in this period of time.

In the case of patients undergoing CEA/stent, the risk of restenosis will also be assessed at

this visit, since it is maximum up to 3 months post-intervention, but decreases after one year.

The visit one year after MCP-related stroke is scheduled to determine long-term recurrence.

To this day, the long-term risk of MCP is unknown, and also how these plaques evolve,

whether or not the plaque persists, whether it has been re-stenosed... It will help us to

determine the progression or not of the carotid disease caused by MCP.

In addition, in the case of patients undergoing CEA/stent, the risk of restenosis will also be

assessed. After this time, re-stenosis is rare.
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7.5.5. Safety

The interventions proposed in this clinical trial are invasive, especially the CEA/stent

procedure. However, serious complications derived from this surgery (disabling stroke and

death) happen only in 0.03% of the patients (48), while the recurrence of stroke associated

with MCP is up to 33.3% according to Ogata et al. (36).

Regarding postoperative complications, the “The Carotid Revascularization Endarterectomy

versus Stenting Trial” (CREST, (64)) found no significant differences between CEA and

stenting. This study also states that they have “similar short- and longer-term outcomes” (64)

These complications are:

● Clots at the site of the intervention.

● Cerebral haemorrhage.

● Disabling stroke.

● TIA.

● Seizures.

● Myocardial infarction.

● Problems derived from general anaesthesia: allergic reactions, respiratory problems

due to edema of the respiratory tract... etc.

● Allergy to contrast used in angiography during stent placement.

● Pain or discomfort in the neck and/or the catheter insertion site.

● Cervical bruise.

● Dysphagia.

● Infection at the incision or catheter insertion site.

● Hyperperfusion syndrome.

● Nerve damage, particularly to the hypoglossal, vagus, glossopharyngeal, trigeminal,

and facial nerves.

● Re-stenosis.

● Death.

However, these procedures will be performed by expert surgeons and interventionists, so a

low complication rate is expected. In addition, we will request participation in the study of

the Vascular Surgery Service, for a greater commitment to patients.
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To avoid iatrogenesis derived from CEA or stent placement in extremely high-risk patients,

one criterion for exclusion from the study is having a severe neurological deficit after the

index stroke (mRS >4).

Regarding the BMT group, the adverse effects derived from treatment with ASA, ASA +

Clopidogrel and Atorvastatin, the 3 pillars of BMT, are listed below:

The adverse effects of ASA are (65):

● Allergy or hypersensitivity.

● Risk of bleeding during a minor surgery (e.g. tooth extraction).

● Risk of gastrointestinal bleeding (maelena, hematemesis, etc.) or ulcers/perforations,

especially in:

○ Elderly.

○ Patients with a history of gastric ulcer (especially if they were complicated).

○ If alcohol is consumed concomitantly.

○ If taken together with other drugs that also increase the risk of bleeding,

ulceration and gastrointestinal perforation (even in patients with no history of

gastric pathology), such as: non-steroidal anti-inflammatory drugs, other

antiplatelet agents, corticosteroids, antidepressants of the selective inhibitor

type the reuptake of serotonin, anticoagulants… etc.

○ If it appears, treatment should be discontinued.

● Increased risk of persistent kidney damage, especially if combined with analgesics.

● Use with caution in patients with: hypersensitivity to other anti-inflammatories,

asthma, urticaria, rhinitis, HBP, patients with a history of gastritis, gastroduodenal

ulcer or gastrointestinal bleeding, women with metrorrhagia or menorrhagia, renal

insufficiency, mild or moderate hepatic insufficiency or heart failure.

The adverse effects of ASA + Clopidogrel are (66):

● Risk of haemorrhage, the most frequent adverse effect: gastrointestinal haemorrhage,

skin haematomas, epistaxis, haematuria, subconjunctival haemorrhage, intracranial

haemorrhage, pulmonary or joint haemorrhage.

● In 1/10 people, diarrhoea, abdominal pain, dyspepsia or heartburn have been

observed.
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● Other less frequent side effects (1 in 100 people) are: headache, stomach ulcer, nausea

and vomiting, nausea, constipation, itching, meteorism, dizziness and tingling

sensation.

● Rare and very rare side effects are: vertigo, jaundice, fever, dyspnea,

allergic/hypersensitivity reactions, stomatitis, hypotension, changes in the taste of

food, tinnitus, etc.

Adverse effects of Atorvastatin are (67):

● Some frequent adverse effects are: inflammation of the upper respiratory tract,

hyperglycemia, headache, nausea and vomiting, diarrhoea, alteration of transaminases

(hepatitis)..., etc.

● Less frequent adverse effects are: changes in weight, dizziness, sensitivity changes,

fatigue, severe allergic reaction, erythematous and bullous skin reaction,

rhabdomyolysis (muscle pain, malaise, fever, nausea and vomiting, choluria, etc.),

vision disturbances, cholestasis and tendon injuries.

● Other very rare side effects (affects 1/10,000 patients) are: haemorrhage, lupus-like

syndrome, hearing loss or gynaecomastia.

If any of the serious adverse effects just mentioned appear, or the patient does not tolerate the

treatment for other reasons, the medication will be changed to an equivalent drug.

Patients are cautioned that if they notice any of the above mentioned side effects, they should

immediately contact their physician and investigators. For this, they will be provided with a

contact telephone number.

Regarding the privacy of the patient, it will also be insured since, as mentioned, all the data

of the participants will be anonymized. Each patient will receive a numerical ID code so that

their privacy is guaranteed, as well as to avoid bias.
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A summary scheme of the dynamics of "The PLACA VIL Trial" is shown below.

Figure 32. Dynamics of "The PLACA VIL Trial".

The process is shown from the moment a patient suffers an atherothrombotic stroke until he or she is enrolled into the trial, according to whether the subject meets all the

inclusion criteria and none of the exclusion criteria. The two interventions (BMT vs. CEA/stent) are also shown. The intervention of the BMT will begin immediately after the

randomization process, while the CEA/stent intervention will be performed within the first 3 days post-randomization. In addition, follow-up visits are shown.

Best Medical Treatment (BMT); Carotid Endarterectomy (CEA); Computed Tomography Angiography (CTA);  Computerised Tomography (CT); Mobile Carotid Plaques

(MCP); recombinant tissue Plasminogen Activator (rt-PA); Stroke Unit (SU).
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7.6. Data collection

The information necessary for this work will

be obtained from the computerised clinical

history, scheduled clinical visits and

complementary tests. The data obtained will

be collected in a case report form (CRF,

Annex 14) to later be stored in a database.

Figure 33. Summary of the data collection process.

Case report form (CRF)

The researchers who detect and follow up the patients will be in charge of filling out the

CRFs with the anonymized patient data (with the ID). The ID corresponding to each patient

will be available on a separate database.

During the first face-to-face meeting, a manual will be given to know how to correctly fill in

the CRF, as well as to solve possible doubts when interpreting any variable. The head

co-investigators will receive prior training on the data collection process, so that they can

then relay this knowledge to the researchers at their centre.

Before starting the definitive collection, a pilot test will be carried out with a small number of

patients to see the reliability of the CRF, the difficulty of collecting the data, of transferring

them to the computerised database… etc. Difficulties encountered during this pilot test will

be corrected.

In the following online meetings, the correct collection of data in the CFR will be supervised.

Throughout the clinical trial, the principal investigator will supervise and monitor the quality

of the collected data. This process will be done frequently and periodically to detect errors

and solve them as soon as possible. The final data will have to be purified before analysis.

● The following data will be obtained from the clinical history:

○ Patient's personal data, age and sex.

○ Presence of comorbidities: HBP, diabetes mellitus, dyslipidemia, smoking,

intermittent claudication, previous mRS, NIHSS at admission, previous

history of stroke and previous acute myocardial infarction.
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○ Baseline medical treatment: antihypertensive, hypoglycaemic, lipid-lowering,

antiplatelet or anticoagulant.

○ Previous carotid status (if available): presence or absence of plaque, area of

stenosis, presence or absence of MCP, type of blood flow and flow velocity.

● Between the time of admission and the following 72 hours, the following

information shall be obtained by specially trained neurologists of the participating

centres (belonging to SONES, RICORS-Ictus and Proyecto Ictus, Annex 10):

○ Presence or not of cerebral ischaemia detected by neuroimaging at admission.

This test will be repeated after 24 hours to monitor the evolution of the

cerebral ischaemia and to determine possible hemorrhagic transformation.

○ Neurological examination, using NIHSS, caused by ischaemic stroke both

acutely and throughout the patient's admission to the SU, especially in the first

72 hours (time recommended by guidelines to be admitted at a SU). In this

way, early clinical recurrences (first 72 hours post-admission) can be detected

and could be confirmed by neuroimaging.

○ mRS score derived from acute neurological focality both acutely and

throughout the patient's admission to the SU, especially in the first 72 hours.

○ Constant monitoring throughout SU admission of heart rate, blood pressure,

ECG, respiratory rate, oxygen saturation and urine volume.

○ Doppler ultrasonographic study of the supra-aortic trunks, as soon as possible

within the first 24 hours after admission, to study the presence or absence of

atherosclerotic plaque, area of carotid stenosis, presence or absence of MCP,

type of blood flow, and flow velocity.

○ Transcranial ultrasound study, as soon as possible and within the first 24 hours

after randomization, to study the presence or absence of cerebral MEs.

● On the fifth post-randomization day, the MEs study will be repeated using

transcranial ultrasound. In this way, the effect of the intervention (CEA/stent vs.

BMT) will be observed in the MEs with respect to the baseline values (measured in

the first 24 hours post-admission).

● Three visits are scheduled to follow up each participant and will be carried out by

the specially trained neurologists of the centres involved. They will be carried out
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during months 1, 3 and 12. Short-term (during the 1 and 3-month visit) and long-term

(12-month visit) stroke recurrence will be studied mainly.

In addition, the degree of disability caused by the stroke will be assessed using the

mRS at the visit of the 3rd month. Furthermore, the following data will be obtained at

each of these visits:

○ Neurological symptoms due to the index stroke, using the NIHSS scale.

○ Disability by mRS.

○ Report whether in the inter-visit period a new stroke episode, TIA or death

from a cerebrovascular event has occurred.

○ Adverse events associated with CEA/stent.

○ Ultrasonographic study of supra-aortic trunks to assess presence or absence of

MCP and potential stenosis, in both arms.
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7.7. Flow chart

Below is a flow chart of "The PLACA VIL Trial" with approximate figures of the patients

flow, considering a 3% prevalence of MCP and a total of 8000 patients evaluated, which

would correspond, approximately, to the participation of 13 of the 23 potential participating

centres (assuming about 600 ischemic stroke patients per year in each centre).

Figure 34. Study flow diagram. Based on the CONSORT Flow Diagram (68).

Best medical treatment (BMT); Carotid endarterectomy (CEA); Mobile Carotid Plaque (MCP); Sociedad
Española de Neurosonología (SONES); Stroke unit (SU).
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8. STATISTICAL ANALYSIS

The statistical analysis will be performed using the Statistical Package for Social Sciences

(SPSS) software version 28.1. It will be carried out by a statistician, who will not know the

assignment to each of the groups of each patient.

We will set a p-value of p<0.05 as statistically significant, defining a 95% confidence interval

for all analyses.

1) Descriptive statistics

The main dependent qualitative variable (Early recurrence) and the secondary dependent

qualitative variables (Recurrence at 1 month, Recurrence at 3 months, Long-term recurrence,

Degree of dependency in activities of daily life and the Presence of cerebral MEs) will be

summarised using proportions.

We will stratify these descriptives by the intervention (CEA/stenting) and control (BMT)

groups. Additional stratification will be done by the covariates. Age will be categorised in

quartiles. BMI and MCP subtype will be summarised as proportions.

2) Bivariate analysis:

The difference in proportions of the dependent qualitative variables between those treated

with CEA/stenting and those treated with BMT will be tested using the χ2 test. When the

expected frequencies are less than 5%, Fisher's Exact Test will be used.

These analyses will be stratified according to covariates.

3) Multivariate analysis: independent covariates

Logistic regression will be used to assess the association between the independent and

dependent variables, controlling for the covariates to avoid potential confounding factors.
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9. ETHICAL AND LEGAL CONSIDERATIONS

The protocol for conducting this study will be submitted to the CEIC (Comité de Ética de

Investigación Clínica) of the main centre, the HUDJT, and it will be optional for each one of

the participating centres (hospitals belonging to SONES, RICORS-Ictus and Proyecto Ictus,

Annex 10), to present it to their respectives CEICs. The objections made by the CEIC will be

considered and introduced. This study can only start after receiving your approval.

Likewise, the authorisation of the Management Department of all participating medical

centres is required to initiate this project. Furthermore, we will request the participation of the

Vascular Surgery Department in order to guarantee its involvement in the surgical and

interventional procedures of the clinical trial.

All patients included in this clinical trial must read, understand and sign an informed

consent form (Annex 11 and 12) evaluated by the CEICs of the participating centres.

All persons belonging to the research team and management of each participating hospital

must sign a statement attesting to having read and approved the final protocol and

agreeing to the national and international ethical aspects of the clinical trial.

This study will follow the ethical requirements expressed in the Helsinki Declaration of

Ethical Principles for Medical Research Involving Human Subjects signed by the World

Health Association in October 2013. It will also respect the Principles of Biomedical Ethics

from Beauchamp and Childress from 1970 and reviewed in 2009 (Autonomy,

Non-maleficence, Beneficence and Justice).

The clinical trial will be conducted under the following ethics laws and principles:

● Clinical trial regulation:

○ Real Decreto 1090/2015, de 4 de diciembre, por el que se regulan los ensayos

clínicos con medicamentos, los Comités de Ética de la Investigación con

medicamentos y el Registro Español de Estudios Clínicos.

○ Ley 14/2007, de 3 de julio, de Investigación biomédica, por la que se regulan

las investigaciones relacionadas con la salud humana que impliquen

procedimientos invasivos.
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○ Real Decreto Legislativo 1/2015, de 24 de julio, por el que se aprueba el texto

refundido de la Ley de garantías y uso racional de los medicamentos y

productos sanitarios.

○ Ley 29/2006, de 26 de julio, de garantías y uso racional de los medicamentos y

productos sanitarios.

● Patient autonomy:

○ Ley Orgánica 41/2002, del 14 de Noviembre, de Autonomía del Paciente y de

Derechos y Obligaciones en Materia de Información y Documentación

Clínica.

○ Llei 16/2010, del 3 de juny, de modificació de la Llei 21/2009, del 29 de

desembre, sobre els drets d’informació concernent la salut i l’autonomia del

pacient, i la documentació clínica.

● Privacy and confidentiality: the following legal considerations will be met as all

participating patients' data, including names, telephone numbers, addresses and

medical history information will be anonymised, with each patient being given a code

number. These codes and data will be stored in a database. Only researchers will have

access to this information, solely for scientific purposes related to this study. No third

parties will be allowed access to this information. The processing of personal data

required in this study, the personal data cession of all the patients and their

confidentiality and communication will:

○ Obey the Regulation (EU) 2016/679 of the European Parliament and of the

Council of 27 April 2016 on the protection of natural persons with regard to

the processing of personal data and on the free movement of such data.

○ Repealing Directive 95/46/EC (General Data Protection Regulation)

○ Obey the Ley Orgánica 3/2018, de 5 de diciembre, de Protección de Datos

Personales y Garantía de los derechos digitales.

○ Obey Real Decreto 1720/2007, de 21 de diciembre por el que se aprueba el

Reglamento de desarrollo de la Ley Orgánica 15/1999.
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10. STRENGTHS AND LIMITATIONS OF THE STUDY

10.1. Strengths of the study

● The main objective of this study is to elucidate the best treatment for an entity with a

suspected high morbidity and mortality rate, such as strokes caused by MCP, a

particularly aggressive condition. It is, therefore, a study of special scientific, health

and social importance, as it would allow a better management and prognosis of this

type of patient.

● It is a completely innovative study as there is little literature on the subject. This is

the first clinical trial for studying the treatment of MCP. No project with this objective

or similar characteristics has been carried out worldwide.

● The design of the project is the one with the best scientific evidence, as a randomised

clinical trial is planned.

● Although it is an open-label trial, the data obtained (both in the first 72 hours and at

the follow-up visits at months 1, 3 and 12 post-stroke) are objective. It is difficult for

the patient to over- or underestimate his or her NIHSS score, as it will be assessed by

expert neurologists. The same applies to the degree of dependency (mRS scale), the

occurrence of new stroke recurrences, treatment-related events or the outcome of

imaging tests. Therefore, it is difficult for an attentional bias or Hawthorne effect to

occur. In any case, mRS scale is planned to be conducted by a neurologist not

involved in patient attention in the acute phase and randomization process.

● The fact that the clinical trial is multicentre allows it to embrace different regions and

hospitals in Spain. Thus, patients with very diverse characteristics can be included,

which enriches the sample and strengthens the statistical results.

● As the number of centres involved is high, the time to complete the sample size will

be short. It is expected to take one year, so it could be carried out within the funding

period established by the Convocatoria de Acción Estratégica de Salud 2024 of the

Instituto de Salud Carlos III (Gobierno de España), if awarded.

10.1. Limitations of the study

● The consecutive sampling method is used to obtain the sample for this study. By using

this sampling method, and not random sampling, the whole population is not

represented. Therefore, sampling or selection bias can exist. However, the sample is
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of a considerable size (206 patients), so even using this sampling method, we can still

come close to representativeness.

● Since a surgical/interventional treatment is compared to a medical treatment, it is

impossible for patients or researchers not to know which group they belong to.

Therefore, the fact that there is no masking (open-label trial) may encourage the

appearance of biases, such as observer bias. For this reason, as mentioned, the

outcome assessment will be performed by a vascular neurologist not involved in the

management of the patient in the acute phase and unaware of the patient's allocation

to one arm or the other. He or she will be in charge of carrying out the follow-up visit

at 1 month, 3 months (to assess the degree of disability) and the visit one year after

the stroke, since the professional does not need to know if the patient has undergone

surgical or medical treatment during the acute phase (although he or she could look it

up in the patient's medical history).

This is because, during these visits, the patient's score on the mRS will be evaluated,

whether there has been a recurrence or not… etc., for which they do not need to know

this background. In addition, the medical treatment in this phase will be the same in

all patients: some will carry it like this from the beginning (BMT group, as acute

phase and secondary prevention treatment) and the others (CEA/stent group) as

secondary prevention treatment. In the same way, the statistician who will analyse the

data will also be blinded.

●   The fact that it is a multicentre clinical trial also has limitations, as the participation

of multiple hospitals increases variability, even though all participating hospitals

have a SU, and therefore, similar resources and capabilities. Inter-observer biases,

information biases and detection biases (for example of MCP) may occur. Thus, an

agreed and extensively detailed document on the characteristics of these plaques and

how to diagnose them properly will be developed. In addition, theoretical and

practical training on MCP diagnosis will be provided in each hospital to instruct the

neurologists involved in the project.

Similarly, there may also be collection bias. To avoid or minimise this, a detailed

protocol will be drawn up to specify how to collect the data and explain each step of

the study. To ensure the correct application of the protocol, a person responsible for

each centre will be designated to supervise it. Meetings will be held every 6 months

between the principal investigator and those responsible for each centre to ensure that

the protocol is faithfully applied and that the study proceeds correctly.
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Additionally, the images and videos of the atheromatous plaques will be sent for blind

evaluation at the promoter centre, which will review and classify them without

knowledge of the classification performed at the centre of origin, evaluating the kappa

index between observers for each subtype of MCP.

● One arm of the study employs an interventional/surgical treatment, so there may also

be greater variability as it is performed by different surgeons, with varying

degrees of experience. However, both CEA and carotid stenting are procedures with

well-established surgical protocols that have been practised for years. In addition, to

overcome this inconvenience, training will be carried out for those physicians that

will perform the surgeries/interventional procedures.

● It may be possible that some of the covariates studied modify the results of

recurrence, degree of dependence or presence of MEs, acting as a confounding

variable. Therefore, this confusion bias will be minimised using multivariate

analysis.

● A long-term study is proposed, in which patients have to come for three follow-up

visits. Given the severity profile of the participants, it is not expected that there will

be a large loss of patients. It is estimated at 5%, a small percentage, although it must

be taken into account.

● Both arms of the study involve invasive interventions: the application of drug therapy

and surgery/stenting. Both strategies have adverse effects and complications,

respectively. Therefore, patients must be warned of the possible harm derived from

the intervention so that, if they perceive any, they must immediately go to the

hospital.

82



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

11. WORK PLAN AND CHRONOGRAM

11.1. Participating Centres

As it has already been mentioned, the study will be carried out in some of the potential 23

centres belonging to the SONES, RICORS-Ictus and Proyecto Ictus networks. The centres

belonging to each of the associations and, therefore, participating in this study, are specified

in the Annex 10.

11.2. Research Team

● Director, Coordinator and Principal Investigator: Dr Joaquín Serena will be in

charge of these three tasks. As director of the research, he will direct the execution of

the project, ensure the correct application of the protocol and the correct storage of the

data. As coordinator, he will be responsible for supervising the proper functioning of

the rest of the participating centres. As principal investigator, he has been in charge of

designing the current protocol, together with Yanire Altuzarra. In addition, he will

participate in the discussion of the results, will prepare the final report of conclusions

and its subsequent dissemination through the publication of the results.

● Co-investigator Head: for each of the potential 23 participating hospitals, one of the

co-investigators will be appointed as "Head co-Investigator", to ensure compliance

with the protocol at their centre and to facilitate coordination with the principal

investigator.

● Co-investigators: include expert vascular neurologists, neurosonologists, and

surgeons/interventionists from each participating centre in the clinical trial.

● Health personnel: necessary to carry out this clinical trial, such as nurses, vascular

surgeons, radiologists… etc.

● Statistical Analyst: responsible for carrying out the statistical analysis of the study.

11.3. Stages

The process of creation, implementation, analysis and publication of the results will be

carried out in 6 stages, which are detailed below. The total duration of the study will be 3

years.

83



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

Stage 0. Study design (November 2024)

● Protocol development (already done): to carry out the clinical trial, the present

protocol will be followed. To elaborate it, an exhaustive bibliographic search on MCP

has been carried out in order to establish the main objectives, hypotheses and design

the methodology.

Led by: Dr Joaquín Serena and Yanire Altuzarra.

● Participating hospitals contact (November 2024): during this period, the centres

belonging to the SONES, RICORS-Ictus and Proyecto Ictus (Annex 10) networks with

which there have already been previous collaborative projects with the Neurology

Service of the HUDJT, will be contacted. After their approval to participate, the

following stages of the study will continue.

Led by: Dr Joaquín Serena.

Stage 1. Ethical evaluation (November 2024 - December 2024)

Once the protocol has been drafted, it will be submitted to the CEIC of the main research

centre, the HUDJT of Girona, for approval. The length of this stage may vary depending on

how long it takes for the CEIC to approve the study. In anticipation of the CEIC considering

it to be an invasive clinical trial, it will be at this stage that liability insurance will also be

taken out.

Led by: Dr Joaquín Serena and members of the CEIC.

Stage 2. Initial coordination (January 2025 - February 2025)

● First meeting with the research team (January 2025 - February 2025)

During this time, a date will be set for the first face-to-face meeting between Dr

Joaquín Serena and the head co-investigators of each centre. At this meeting, the

different phases of the study, the timeline, the criteria for including and excluding

patients in the study and the roles of each investigator will be reviewed. An email

and/or telephone number will be provided for better coordination, as well. After this

meeting, each head co-investigator will be asked to have a second meeting with all the

co-investigators of his/her centre to provide them with the same information.
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● Training (January 2025 - February 2025)

A first online meeting will be held with the whole team where theoretical training on

the diagnosis of MCP will be provided. Images and videos of Doppler ultrasound

scans of atheromatous plaques in the supra-aortic trunks will also be shown and sent

as practical training. During this meeting, a consensual and detailed document will

also be sent to the heads of each centre with the characteristics of these plaques and

how to diagnose them properly, so that they can consult it if they have any doubts.

The aim of all this training is to homogenise the process and reduce the differences in

the results of each centre.

Led by: the whole team.

Stage 3. Recruitment and Data collection (March 2025 - February 2027)

● Patient Recruitment (March 2025 - February 2026)

As mentioned above, a consecutive non-probabilistic sampling method of patients

with ischaemic stroke associated with MCP admitted to the SU of the participating

centres will be used. Each co-investigator at each centre will be responsible for

including patients who meet the inclusion criteria and none of the exclusion criteria,

after signing the informed consent form (Annex 12). Each participant will be

randomised to one of the intervention groups of the clinical trial. The head

co-investigators of each centre will supervise this process.

● Intervention (March 2025 - February 2026)

During this period, surgeries (CEA/stent) will be performed in one arm of the study

and BMT will be administered in the other arm.

Online meetings will be held every 6 months between the principal investigator and

the head co-investigators of each centre to ensure the faithful application of the

protocol and the correct development of the study.

● Follow-up (March 2025 -   February 2027)

Patients being included in the study will be followed during the first 72 hours

post-admission, as well as at subsequent follow-up visits at 1, 3 and 12 months

post-index stroke. Therefore, this phase will last one year beyond the date when the

last patient is added to the trial. These patients will be visited during the follow-up by
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vascular neurologists not involved in the treatment of the patient in the acute phase

and unaware of the allocation of the patient to one or the other arm.

● Data registry (March 2025 - February 2027)

As the patients are added and followed up, the researchers will record the data of each

variable to be studied in the CRFs to later enter them in a database shared among the

23 hospitals.

Led by: the whole team.

Stage 4. Statistical analysis and Data interpretation (March 2027 - July 2027)

● Final statistical analysis (March 2027 - May 2027):

During this period, statistical analysis of the data will be carried out by a

subcontracted statistician. He or she will be blinded for the study groups.

Led by: statistical analyst.

● Second meeting (May 2027):

After completing Stage 3 and the final statistical analysis, the second face-to-face

meeting will be organised by Dr Joaquín Serena and the head co-investigators of each

centre. The results of the study will be presented and discussed at this meeting.

Led by: the whole team.

● Data interpretation (June 2027 - July 2027):

Dr Joaquín Serena will carry out the interpretation of the results.

Led by: Dr Joaquín Serena.

Stage 5. Results publication (August 2027 - October 2027)

In this period, the results will be written up after their correct interpretation, in order to

publish them in a scientific journal.

The results will also be disseminated at the national congress of the SEN and at an

international congress.

Led by: Dr Joaquín Serena.
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11.4. Chronogram

Figure 35. Chronogram of “The PLACA VIL Trial”.
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12. FEASIBILITY

This study is expected to be feasible because, despite being multicentre and, somewhat, more

difficult to coordinate, all the centres and researchers involved have experience in this type of

project. In addition, it is supported by three networks that promote collaborative research in

neurology, such as SONES, RICORS-Ictus and Proyecto Ictus. Furthermore, all these centres

have an SU and all the relevant resources for the type of patients included in this project.

As discussed later, the lead research team, belonging to the SU of the HUDJT, has extensive

research experience. In addition, large-scale collaborative projects have already been carried

out (even with more than 500 patients), among several of the participating centres.

The entire research team will be composed of expert vascular neurologists as well as leading

neuro-sonologists with extensive research experience who are currently working in the

centres participating in the study. There will also be the participation of the nursing staff from

the SU of each centre, as well as the commitment of the Vascular Surgery Service and the

Radiology Service to participate in the clinical trial.

Therefore, the only additional member to be recruited for our clinical trial is the statistical

analyst who will perform the statistical analyses.

On the other hand, few extra visits and imaging tests are proposed in addition to those

currently performed in routine clinical practice. All the participating centres have the

resources to carry these visits and neuroimaging tests out.

We study severe patients, with many comorbidities and at high risk of recurrence. These

characteristics within the participants make it unlikely that there will be large losses of

subjects during the study process, as they will want to benefit from closer medical follow-up

than usual. A loss rate of 5% is expected, which is quite acceptable, because in other clinical

trials carried out by Dr. Joaquín Serena, the loss of patients was less than 3%.

88



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

13. BUDGET

In order to carry out this study, the following budget is planned:

13.1. Personnel expenses

The researchers (expert vascular neurologists) and other professionals who carry out the

clinical trial will not receive extra remuneration for their involvement in the project, as this is

part of their normal professional activity.

The selection of patients participating in the study who meet the inclusion criteria and none of

the exclusion criteria will be carried out by the principal investigator of the clinical trial and the

head co-investigators of each centre. Their cost will also not be included in this budget.

This is done in order to avoid any financial incentive to join the study.

The only extra cost in terms of personnel will be the hiring of an independent statistical

analyst. This will require an estimated 80 hours of work, paid at €50/hour, and is expected to

cost €4,000.

13.2. Liability insurance

Since one of the study arms will require a surgical intervention, the CEIC is likely to consider

this project as an invasive clinical trial. Therefore, a liability insurance will be required to cover

possible complications of the procedure. The estimated cost is €50,000, if the insurance per

patient costs, approximately, €200.

13.3. Execution expenses

There are extra expenses derived from the need for additional material, such as:

● Printing costs: the printing of the protocol, detailed document of the MCP, informed

consent form and information sheet, is estimated to cost €350 in total, taking into

account that each side is printed at €0.05.

● The paper packs needed will cost approximately €78, since each package costs €5.2 and

we estimate that we will use 15 packages.

13.4. Publication expenses

We will publish the results of this clinical trial in an international Open Access medical journal.

We estimate that the edition, formatting, layout/graphic design, revision and final publication
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will cost approximately €3,000. An additional cost for the revision of the translation of €500

will also be required.

13.5. Travel expenses

For the proper functioning of the study, a series of online meetings are planned every 6 months

between the principal investigator and the heads of each centre. Their cost is not included in

the budget.

However, a meeting of the principal investigator with the 23 head co-investigators of each

centre will be organised at the beginning and end of the clinical trial at the HUDJT. In the first

meeting the study will be organised and, in the last meeting, the discussion of the results

obtained will take place in order to draw the appropriate conclusions.

Therefore, all the heads of the participating centres will have to travel to Girona. We estimate

an average cost of €500 per person, including travel, accommodation and subsistence expenses,

for the two stays. We estimate an approximate cost of €11,300.

The results of this clinical trial will be disseminated at two congresses, one national (SEN

congress) and one international. Taking into account registration costs, transport,

accommodation and diets, we expect around €2,000 between the two congresses.

The total budget to carry out "The PLACA VIL Trial" is €71,228. We will apply for the

Convocatoria de Acción Estratégica de Salud 2024 of the Instituto de Salud Carlos III

(Gobierno de España) to cover all costs of the trial. If more funds are needed, we will send the

protocol to other calls for public and/or private funding.
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Table 5. Approximate budget for the clinical trial.
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14. EXPERIENCE OF THE RESEARCH TEAM

The research team includes experts in vascular neurology and neurosonology, as centres

belonging to SONES, RICORS-Ictus and Proyecto Ictus (Annex 10) are participating.

Most of the vascular neurologists at the coordinating centre (HUDJT) are part of the research

team, with Dr. Joaquín Serena as the team leader. They work together at the care level, but have

also worked together on multiple occasions as a team on other research projects.

The neurovascular research group of the HUDJT has more than 20 years of experience in the

field of cerebrovascular disease research. This background has allowed them to maintain

relationships with other members of the vascular neurology research collaboration network

initiated more than 10 years ago. This cooperation has led to multi-centre research projects,

such as the one presented in this study.

As a result, it has gained national and international renown as a reference research group, due

to its contributions in various clinical aspects of stroke as well as in the field of neuroimaging

(especially neurological ultrasound) and other biological, molecular and inflammatory factors.

As mentioned, Dr. Joaquín Serena is the leader of the team, and is an expert in the field of

cerebrovascular disease, especially in ultrasound and pathology of the carotid artery, a field

considered a reference at national and international level. In addition, he is constantly involved

in new research, attends congresses both as a speaker at conferences and lectures and as an

attendee. He is a member of several societies and projects of great importance in the field of

neurology. For example, he is a member of the SEN evaluation board for accreditation in

Neurosonology, he was editor of the first book on neurosonology published in Spain, and also

the most recent.

One of the societies to which he belongs, of which he was one of the founders, is the Sociedad

Española de Neurosonología (SONES), whose centres are participating in the present clinical

trial.

SONES has been working for 25 years to promote the development of ultrasound technology

used in neurology through the continuing education of neurologists in the field of

neurosonography. All centres belonging to this society have several experts in this field.
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Another network participating in this study is RICORS-Ictus, which has 34 research groups

committed to generating knowledge on cerebrovascular disease and its communication. It was

founded by the European Union and is funded by the Instituto de Salud Carlos III.

Its main objective is to create a cooperative research network on various aspects of stroke

(detection, biomarkers of recovery, treatment, secondary prevention...) in Spain, as all the

autonomous communities of Spain are represented in the network.

The Proyecto Ictus is an initiative of the Grupo de Estudio de Enfermedades

Cerebrovasculares of the Sociedad Española de Neurología aimed at facilitating the

development of collaborative clinical research in the field of stroke. It was created 24 years ago

with the purpose of encouraging collaboration, participation and communication of research on

stroke, as well as the creation of new projects and the promotion of new researchers.
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15. IMPACT ON THE NATIONAL HEALTH SYSTEM

As mentioned in the Introduction section, stroke is the second leading cause of death

worldwide in both sexes and the leading cause in women. Thanks to research, there are more

and more stroke survivors. This leads to high rates of morbidity and disability (it is the leading

cause of disability worldwide), resulting in social problems and significant consumption of

health resources.

Among the different aetiologies of stroke, those caused by MCP are one of the most

aggressive, as they are plaques that tend to produce a lower degree of carotid stenosis (36), so

their potential to cause a stroke is underestimated. They are also plaques with a higher rate of

ulcer formation (46), which makes them vulnerable atheroma plaques and, therefore, more

malignant. In addition, they have a higher recurrence rate of new strokes (33). Thus, they are a

subtype of patients with higher mortality, but where their impact is more noticeable is in the

greater morbidity they cause and, consequently, increased health care costs.

The literature on MCP is diffuse, scarce and of low quality. The most important scientific,

health and social issue is how to treat these aggressive plaques. The acute phase treatment of

MCP remains totally unknown. This study will be the first published clinical trial on this topic

when it is concluded. Hence, its likelihood to have a large clinical international influence is

high.

As these are more aggressive plaques with a higher risk of recurrence, information regarding

their diagnosis, but most importantly which treatment method is associated with a lower risk of

early and medium to long-term recurrence, would improve the prognosis of patients with

MCP-related strokes. In addition, the importance of determining the optimal treatment would

have an impact on the National Health System by reducing stroke recurrence, hospital stay

times, rehabilitation rates and times, physiotherapy, speech therapy, etc., and, hence, the costs

involved.

94



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

16. FUTURE DIRECTIONS

Mobile carotid plaques (MCP) conform a largely unknown entity in all aspects. In the case of

the present clinical trial, the optimal treatment for these plaques with malignant behaviour is

being studied, but there are many other areas that can be investigated or expanded, such as:

● Study of the prevalence of MCP in the population of consecutive stroke patients. The

literature data on this subject is very poor, mostly based on case series or studies with

very few patients. There is no project to date that has studied this point in depth or with

precision.

● Study of the prevalence of the different subtypes of MCP according to the criteria

defined in the Introduction section. The same phenomenon occurs as mentioned in the

previous point.

● It would also be interesting to study each subtype of MCP separately to find out, for

example, which of them is associated with a higher risk of recurrence. There is data in

this regard (33), but no conclusions can be extrapolated to the population since the

sample size is very small. Therefore, quality studies are needed to investigate this point.

● The creation of a website for this study would be a good option that would help

disseminate information about MCP, promote their correct diagnosis and be an easily

accessible source of knowledge. A repository of videos and still images of Doppler

ultrasound MCP could be published on the website, with periodic centralised

re-evaluation. Special emphasis would be placed on the diagnostic criteria of MCP and

their malignant features such as the "Jellyfish" or "Snake fang" sign.

● Given the low prevalence of MCP or their under-diagnosis, it would be interesting to

set up an online registry (in collaboration with the Universitat de Girona, for example)

with data collection on patients with MCP (anonymised), classic vascular risk factors,

classification of the subtypes of MCP, treatment prescribed in the acute phase and

evolution at 3 months (score on the mRS and recurrences). As an online registry,

vascular neurologists from all over the world would be able to enter their patients' data.

This would favour the expansion of knowledge about MCP, their better characterisation

and, therefore, a radical change in the prognosis of these patients.
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ANNEXES

1. CHA2DS2-VASC Score
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2. SSS-TOAST Classification Criteria
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3. Modified Rankin Scale, Spanish version
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4. National Institute Health Stroke Score (NIHSS), Spanish version
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5. RAPID tool for the detection of a stroke, Catalan version
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6. RANCOM tool for rapid and estimated determination of the patient's previous
functionality, Catalan version
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7. Decision algorithm, on suspicion of an acute stroke, for the activation of the Stroke
Code in Catalonia, Catalan version
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8. Class of Recommendations and Level of Evidence
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9. Histopathological diagnostic criteria for vulnerable plaques.

Main criteria:

● Inflammatory activation in plaque (monocyte/macrophage or with T lymphocyte

infiltration).

● Thin fibrous cap (thickness < 65 μm).

● Large lipid core (>40% of the plaque area).

● Vascular endothelial cell ablation with platelet aggregation on the surface.

● Fissures or damaged plaques.

● Severe luminal stenosis (>90%).

Secondary criteria:

● Intraplaque haemorrhage (IPH).

● Endothelial dysfunction.

● Superficial nodules or calcifications.

● Yellow plaques.

● Positive remodelling of vascular walls.
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10. Hospital centres belonging to the SONES, RICORS-Stroke and Stroke Project

networks
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11. Information sheet, Spanish version
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12. Written informed consent, Spanish version

137



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

138



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

139



Randomised multicentre clinical trial on early recurrence of stroke caused by mobile carotid plaques according to acute phase treatment
Yanire Altuzarra Foncea - Dr Joaquín Serena Leal - Dr Rafael Marcos Gragera

13. Application for Withdrawal of Consent to Study, Spanish version
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14. Case Report Form, Spanish version
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