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Abstract

Background: Moderate/severe carotid artery stenosis (CS) has a prevalence of 0.3 to
4.5% in women and 0.5% to 5.7% in men. The bifurcation of the common carotid
artery turns this area wvulnerable to atherosclerosis due to the features of
haemodynamic flow. The exact prevalence of asymptomatic patients with CS remains

to be unknown and there is a controversial opinion for the treatment of this patients.

Objective: The authors aimed to review the evidence on the management of the
asymptomatic CS and describe its clinical characteristics, diagnosis and treatment

management.

Results: The majority of patients with asymptomatic CS should be submitted to
conservative management with best medical therapy. However, selective surgical

management should be considered if high risk features are present.

Conclusion: Medical intervention has an established role in the current routine
management of persons with CS. Only extensive information allows tailored

evidence-based decision.



Introduction

The scientific and medical community improved the knowledge of
pathogenesis, clinical manifestation, diagnosis and mainly treatment of asymptomatic
patients with carotid artery stenosis (CS). In this review, for this patients, a detailed
description of the present management is presented.

The aim is to guide physicians regarding the evidence behind and the potential
efficacy of commonly prescribed regimens at preventing vascular events and pre-
specified composite outcomes in patients with asymptomatic carotid stenosis. A
comprehensive review of the literature was carried out to collate data from relevant

studies in patients with extracranial moderate to severe asymptomatic stenosis.

Research Strategy

The data used were identified by a search using PubMed and Google Scholar
with the keywords / MESH terms "carotid stenosis”, in combination with the term
"asymptomatic”. For this study, the authors focused on publications in the past two

decades, using english publications.



Epidemiology of carotid artery stenosis

In Europe, stroke is the second cause of mortality (1.1 million deaths/year)
being the most frequent cause of death in Portugal *2. 10 to 15% of strokes are due to
thromboembolism from a anteriorly asymptomatic significant/severe carotid artery
stenosis®.

The prevalence of moderate/severe asymptomatic CS (moderate stenosis >
50% to <69% of the lumen is narrowed and severe when > 70%) ranged from 0.2 %
for women above 50 years old to 5% for women above 80; and 0.1% to 3.1% in men,
correspondingly”. The annual risk of stroke for patients with severe asymptomatic
carotid stenosis is approximately 2 to 5%>®"%. It is also known that CS leads to 10%
to 15% of all ischaemic strokes, so it is one of the preventable etiologic factors for

stroke®1%°,

Pathology and Pathophysiology of Carotid artery stenosis

The presence of the carotid bifurcation turns this area vulnerable to
atherosclerosis because of the features of haemodynamic flow (Figure 1)'*. The
etiology of carotid artery ischaemic stroke is mainly due to atherosclerotic disease of
the extracranial carotid which is consequence of an embolic event with the source on

atherosclerotic plaque®.

Atherosclerotic  plaques main structure is formed by a lipid core with
infiltration of inflammatory cells, coated with a fibrous capsule™.
Atherosclerotic plaques are present in intimate layer of the arteries and are the

result of a complex atheromatous process:



TLDL with vessel wall penetration.

Phagocytosis in the intima.

1 vascularization.

1 deposition of calcium and necrotic cells.

Fissures, ruptures and hemorrhages of the plaque.

Ulceration and/or release of the plaque.

Deposition of platelets, blood coagulation, thrombosis and occlusion of the vessel
(Figure 2)**°.

With the progression of atherosclerosis it is eventual and atherosclerotic
plague rupture and thrombus formation resulting in arterial occlusion or emboly™.
These thrombotic plaques are more often observed in patients with stroke (66.9%)
versus TIA (36.1%) and asymptomatic patients (26.8%). Initially, this occlusion can
be partial resulting on transient ischemic attack (TI1A), which has similar symptoms to
stroke and frequently last less than 24 hours™.

Regarding molecular pathways, initiation and progression of atherosclerosis
are due to reactive oxygen species (ROS)™*®!'. ROS increase the expression of
ICAM-1 (intercellular adhesion molecule-1), VCAM-1 (vascular cell adhesion
molecule-1) and ELAMSs (endothelial leukocyte adhesion molecule) which are cell
adhesion molecules'’*®. These molecules allow the monocyte adhesion to endothelial
cells. First, mild oxidation of low-density lipoprotein cholesterol (LDL-C) forms
MM-LDL (minimally modified LDL) and then severe oxidation of MM-LDL forms
LDL (OX-LDL). This increases Monocyte chemo-attractant protein-1 (MCP-1) due to
stimulation of endothelial and smooth muscle cells. OX-LDL allows the
differentiation of monocyte to macrophage which is promoted by MCSF (monocyte

colony stimulating factor)™. The new formed macrophages overexpress receptors for



OX-LDL and produce foam cells which is the early stage of atherosclerosis®.
Moreover, this mechanism also contributes to the instability of the atherosclerotic
plaque which leads to thrombosis (Figure 3)%.

This environment increases the expression of growth-regulating molecules
PDGF (platelet-derived growth factor), bFGF (basic fibroblast growth factor), TGF-a
and TGF-p and cytokines, such as IL-1 and TNF-a, which stimulates the synthesis of
connective tissue and matrix. Progression of atherosclerosis are due to these

mechanisms?2.

Clinical presentation: signs and symptoms of Carotid artery stenosis

Unstable/vulnerable atherosclerotic plaques are characterized by extensive
inflammation and accumulation of macrophages. Unstable plagues are more prone to
rupture, leading to thrombotic and/or embolic events®®. Unstable plaques are
characterized by a thin fibrous capsule, less smooth muscle cells, more inflammatory
cells and a vast lipid and necrotic core?’. Hemodynamic stroke, in which the blood
flow to the brain is temporarily suspended and then restored due to hemodynamic

fluctuation, is a very rare event.

The majority of atherosclerotic plaques are stable and produce no symptoms,
however, when the plaque increases considerably, the carotid artery lumen becomes
markedly narrowed. An asymptomatic CS is present when a stable atherosclerotic
plaque is detected in patients with no history in the past six months of ipsilateral
cerebral or ocular ischemic event®.

It is known that CS is responsible for approximately 50% of TIAs?®. The risk

of having a stroke in the first month after TIAs is over20%?'.



Risk factors

Risk factors for CS are similar to other cardiovascular diseases: dyslipidemia,
hypertension, diabetes, advanced glycation end products (AGESs), obesity, cigarette
smoking, lack of exercise, age, and C-reactive protein?®**.

Studies done by De Weerd M et al., referred that cigarette smoking was the
main risk factor for CS and increased the prevalence of CS in more than 50%%°.

Despite these various risk factors, the prevalence of severe CS is higher in patients

with diabetes (Figure 4)*.

Dyslipidemia

Hypercholesterolemia leads to atherosclerosis due to the generation of ROS
%0 However, LDL-C is the major responsible for the development of atherosclerosis
due to the effect of LDL and OX-LDL on endothelial NADPH-oxidase leading to
ROS production®. A meta-analysis, including 165 792 patients, of randomised trials
of statins in association with other preventive measures, demonstrated a 21.1%
reduction in relative risk for stroke (95% CI 6.3-33.5, p=0.009). This is possible due
to reduction of LDL serum levels and the stabilization of the atherosclerotic plaque®.
Triglyceride (TG) is also a risk factor for atherosclerosis although contributing less®.
TG can lead to formation of small dense LDL, can reduce HDL levels and increase

inflammatory particles, such as ROS™.



2. Hypertension

Hypertension also contributes to atherosclerosis by similar mechanisms:
unbalance of oxidative stress / anti-oxidants with resulting increase of ROS, increase
of proinflammatory cytokines (IL-1B, IL-6, and TNF-a), chemokines and cell
adhesion molecules (ICAM-1, sE-selectin, and sP-selectin)**%,

It is well known that inflammation leads to atherosclerosis and the best marker

of this association is the C Reactive Protein *. Kitiyakara C et al. refers that increase

of ROS precedes the progression of hypertension®.

3. Cigarette smoking

The prevalence of symptomatic CS is 4.4% in never-smokers versus 7.3% in
former smokers versus 9.5% in current smokers. Furthermore, studies refer that
smoking 20 pack-years has a significant correlation. Nevertheless with lower amounts
of cigarette smoke, no significant association was found*®. So, similar to other risks
factors, cigarette smoking contributes to atherosclerosis by increasing expression of
ROS, vascular cell adhesion molecules and proinflammatory cytokines®. Serum
levels of Advanced Glycation End-products are also increased in cigarette smokers
and their interaction with their receptor (RAGE) increases the production of ROS,
activates NF-kB and vascular cell adhesion molecules and proinflammatory

cytokines*®*!,



4. Diabetes

Hyperglycemia promotes atherosclerosis due to diverse mechanisms such as
oxidative stress, AGEs, and protein kinase C. Oxidative stress leads to atherosclerosis
mainly due to mitochondrial mechanisms in which hyperglycemia metabolism leads
to reduction of NADPH and activation of NADPH-oxidase which contributes to

oxidative stress*?*.

Finally, hyperglycemia leads to activation of DAG
(diacylglycerol) which promotes the development of atherosclerosis by activating the

pathway of Protein Kinase C **.

The prevalence of CS under 60 years is 0.5% versus <5% above 80 years old.
Men under 75 years old have more chance of having CS than women with the same
age. Although, after 75 years old, women have more chance of having CS than
men™!. The mechanism involved is probably due to increase of inflammatory markers

which are naturally increased with aging.

6. Obesity

Obesity is considered an independent risk factor for CS although being also a

risk factor for diabetes, hypertension and insulin resistance **.



7. C-Reactive Protein

High sensivity CRP is a proinflamatory protein that increases the production
of ROS over activation of neutrophils. So, this marker it is correlated with higher risk
of stroke*’. Other mechanisms includes increased expression of vascular cell adhesion

molecules and foam cell formation®®.

Classification and Diagnosis in CS

The majority of plaques responsible for ischemic events are moderate,
however there are some high-grade plaques which increase the probability of having a
stroke. Thus, the majority of atherosclerotic plaques are stable/asymptomatic®,
however, a study done by Anxin Wang et al, concluded that in patients with metabolic
syndrome, or its components increased the prevalence of unstable plaque though the
more prevalent are the stable plaque®.

It is of the most relevance in patients with asymptomatic carotid stenosis, to
determine the clinical and ultrasonographic plague predictors of progression or
regression of the stenosis. In a study, 1121 patients with asymptomatic carotid
stenosis were submitted to several clinical and ecografic assessments during 6 months
and 8 years (respectively). Regression was observed in 43 patients (3.8%) and
progression in 222 (19.8%). No changes were observed in 856 patients (76.4%).
Independent predictors of long term stability were: younger patients, more severe
degrees of stenosis, absence of white areas in the atherosclerotic plaque and patients

under lipid lowering therapy °!. Independent predictors of progression were: high

10



serum levels of creatinine, male gender, patients not under lipid lowering therapy, less

severe degrees of stenosis and larger plaque area™'.

However, the clinical value of doing this prediction is limited due to the low
frequency of progression (only 19.8% of the patients) and the low associated stroke
rate (only 30% of the 30 strokes were in the progression group)®’. Recent
recommendations advocate the increase in the cut-off for surgical intervention
(>80%), though the risk increases with degree of stenosis, studies do not support or

validate this approach.

The classification of CS can be determined mainly by two methods: NASCET
(North American Symptomatic Carotid Endarterectomy Trial) and ECST (European
Carotid Surgery Trial). NASCET is based on distal grade of stenosis while ECST is
based on local grade of stenosis®. Despite the existence of this two methods, the
standard is NASCET method, although ECST can be used moreover®?,

Despite this, Guidelines 2018 of ESVS doesn’t recommend population
screening for asymptomatic patients with CS. Furthermore, The Society for Vascular
Surgery recommends that this routine screening should only be done in patients with

multiple risk factors®.

Treatment indications for Asymptomatic CSS

Independently of asymptomatic or symptomatic patients with CS, the core
treatment is based on controlled of cardiovascular risk factors. However, some of
these risk factors are modifiable (CRP, diabetes, obesity, hypertension, smoking,

dyslipidemia) but others are not manageable.

11



Lifestyle changes are paramount in the delay of the progression of CS.
Guidelines recommend: DASH diet (vegetables, fruits, fish) and/or Mediterranean
diet (same but with addiction on olive oil), weight reduction (body mass index <25),
regular physical exercise (at least 40 min 3/4 times a week), limited consumption of
alcohol and sodium (salt restriction to 23 g/day of salt), tabagic cessation®*>>°¢°"%8,

A study done by Chiuve SE et al., concluded that if all these lifestyle changes
were adopted, the risk of stroke could be reduced by approximately 80%, among
women®®. de Lorgeril M et. al., refer that with Mediterranean diet it is possible to
reduce the probability of developing a stroke and/or myocardial infarction (about
>60% chances), if secondary prevention is adopted®. However, if primary prevention
is adopted, stroke can be reduced by 50%°.

The management of patients with asymptomatic CS has some debatable
aspects due to the annual risk of stroke for patients with severe asymptomatic carotid
stenosis is reduced to 29-5%>%"%. Additionally, scientific evidence has proven over
the years that medical therapy is decreasing the risk of stroke®.

For asymptomatic patients with CS < 60%, medical treatment alone is
favoured and for asymptomatic patients with CS > 60%, invasive treatment is
considered®®. To warrant that the intervention is superior than the isolated best
medical treatment, recommendations state that the perioperative risk of stroke in
asymptomatic patients with CS should be inferior to 3%°*. Selected patients on best
medical therapy, with clinical and/or imaging features that classify them as having
higher probability of suffering a stroke, benefit from surgical procedure. Moreover,
the patients that in the present are being treated with best medical therapy and don’t
benefit from surgical procedure, should be follow with regular carotid

ultrasonography.
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Treatment of Asymptomatic patients with CS
1. Pharmacological agents:
These patients must be treated with intensive medical treatment which is
meant to correct the risk factors mentioned previously. If these risk factors can be

controlled, the probability of developing a stroke will be lower®.

1.1.Lipid lowering agents: Guidelines 2018 of ESVS recommend high dose statin

therapy for primary and secondary prevention. Asymptomatic Carotid Surgery
Trial (ACST-1) presents results for 10- year risk of stroke/death for
asymptomatic patients taking lipid lowering agents (statins) of 13,4% while in
patients without taking statins, was 24.1%°. Atorvastatin and rosuvastatin are
the two pharmacological agents with more support on evidence in reducing
LDL to less than 70 mg/dl and also decreasing the levels of CRP to less than 2
mg/l. These results support the use of statins as primary prevention of stroke.
The major therapeutic target is to obtain, at least, 50% reduction of the initial

value of LDL or reach the value of less than 1.8 mmol L™* (70 mg dL )%’

1.2. Antihypertensive agents: Law MR et al., refers that a decrease in stroke risk

was related to a decrease of systolic blood pressure®. Huo Y et al., in 2015,
found out that enalapril and folic acid (despite enalapril alone) can reduce the
risk of developing a first stroke, so they concluded that enalapril is
the pharmacological agent with more evidence on hard outcomes in

asymptomatic patients with CS®°. The major goal in non-diabetic patients is to

13



reduce arterial blood pressure to 140/90 mm Hg or less while in diabetic
patients is 140/80 mm Hg(Guidelines of hypertension 2018)". Besides this, if
a procedure is to be executed, the perioperative goal is less than

180/90 mm Hg™.

1.3.Antiplatelet therapy: Inadequate antiplatelet therapy can lead to a greater risk

of developing major bleeding events, while not decreasing stroke risk. So, the
benefit versus harm has to be carefully measured in every single patient. Thus,
the actually scientific evidence recommends that monotherapy with aspirin
(instead of dual therapy) is the first option, while clopidogrel is reserved for
patients who have contraindications to aspirin. The dose of aspirin should be
between 75-325 mg (low-dose aspirin) and 75 mg of clopidogrel

(recommendations by ESVS 2018)".

2. Carotid Endarterectomy (CEA) - surgical procedure

In some patients, it is hard to decide if medical therapy is enough or if a
surgical procedure-CEA is necessary. So, a multiple analysis must be developed with
the main goal of evaluating the overall risk of that asymptomatic patient posteriorly
suffer a stroke. Thus, there are some clinical predictors that may help in the decision
such as: age, gender, stenosis severity, progression of stenosis, plaque characteristics,

presence of silent emboli and/or microemboli and cerebrovascular reserve.

2.1. Age: Some studies concluded that, despite the age of the patient, it is

beneficial to undergo CEA because the risk of suffering a stroke in the next 5

14



years was lower than with medical therapy. However, further studies refer that
half of these patients with more than 75 years old, were dead in the long term
follow-up after intervention. Furthermore, after these studies included the
perioperative risks, it was concluded that reduced benefit of undergoing CEA
in patients older than 75 years®®. However, in patients with more than 75 years
old and with an average life expectancy higher than 5 years old, CEA may be
beneficial .
2.2.Gender: Multiple studies were performed and concluded that the probability
of suffering a stroke within 5 years is decreased by CEA in men but not in
women. Women would benefit from CEA only after 10 years of follow-up.
This  controversial  finding is  justified by the inherent
risk of suffering a stroke without undergoing CEA is lower in women, so it is

expected that the benefit need more time to be apparent’>.

2.3.Stenosis severity: Despite what happens in symptomatic patients, stenosis
severity is not a predictor of future stroke in asymptomatic patients with
CS.%"3 They also found that patients with 50-69% stenosis has a lower risk of
suffering a stroke compared to patients with more than 70% stenosis (0.8% vs.
1.4%)™. So, to make the decision of doing CEA, stenosis severity should be
conjugated with other clinical features and not considered alone’. Hobson R.
W. et al., refers that with the presence of low-grade CAS in asymptomatic

patients, the best choice of treatment is intensive medical treatment®.

15



2.4.Progression of stenosis: ACST found out that the patients with stenosis that

had developed in two grades, had four times more probability of suffer an

ipsilateral neurologic event’®.

2.5.Plague characteristics: DUS can characterize the atherosclerotic plaques

with, for example, the observation of ulceration. That characteristic indicates
that the atherosclerotic plaque is unstable, so the probability of developing a
thromboembolic event is higher. Furthermore, the risk is also higher if plaque

is echolucent and with more lipids than fibrotic components’”’®,

2.6.Presence of silent emboli and/or microemboli: Moreover, the identification

of features of the atherosclerotic plaque, CT (computed tomography) or MRI
(magnetic resonance imaging) can be performed to identify silent emboli and
transcranial doppler (TCD) to identify microemboli. This could be relevant
because their presence perhaps can predict the increase of developing a

ipsilateral stroke”*®.

2.7.Cerebrovascular reserve: A reduced cerebrovascular reserve occurs when an

incomplete circle of Willis is present or when intracranial or contralateral
occlusive disease is present. This situation reduces cerebral perfusion pressure
and is defined by transcranial doppler flow on cerebral vessels. According to
Gupta A. et al, there is a significant association with a reduced

cerebrovascular reserve and stroke®.
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So, with the integration of this clinical features it is more possible to select an
high risk patient with asymptomatic CS which benefit fromCEA®®, And, as AHA
(American Heart Association) recommends, only this type of patients should be

treated with CEA.

Conclusion

With current best medical therapy, asymptomatic patients with CS have an
annual risk of ipsilateral stroke of approximately 0.5%%*. So, the main goal is to
promote the control of risk factors™.

Due to elevated mortality and morbidity associated with CS, over the years,
the identification of high risk asymptomatic patients with CS has become one of the
major goals in vascular surgery. The timely identification leads to timely treatment
and this will lead to a decrease in morbidity and mortality?.

Guidelines 2018 of ESVS recommend that multidisciplinary team (MDT)
should be present and it should be composed by neurologists and vascular surgeons.
This will allow an optimal treatment in patients undergoing CEA™.

Selim M H et al., referred that medical treatment is more cost-effective than
CEA and approximately only 50% of the patients benefit from CEA®°,

The management of asymptomatic patients with CS remains a challenge, but it
is already known that medical and surgical treatment are developing faster and in the

future stroke risk will continue to decrease®®.

17



References

1. Silva ENF d. Doenga Vascular Cerebral Extracraniana — critérios de tratamento
médico e cirurgico, in Angiologia e Cirurgia Vascular.

2. Nichols M, Townsend N, Luengo-Fernandez R, Leal J, Scarborough P RM.
European cardiovascular disease statistics. Eur Hear Netw Eur Soc Cardiol.
2012.

3. AR. N. Why is the management of asymptomatic carotid disease so
controversial? Surg. 2015:34,43.

4, M. de Weerd, J.P. Greving, B. Hedblad, M.W. Lorenz, E.B. Mathiesen, D.H.
O’Leary, , M. Rosvall, M. Sitzer, E. Buskens and MLB. Prevalence of
asymptomatic carotid artery stenosis in the general population: an individual
participant data meta-analysis. Stroke. 2010;41:1294-1297.

5. Inzitari D, Eliasziw M, Gates P, Sharpe BL, Chan RK, Meldrum HE BH. The
causes and risk of stroke in patients with asymptomatic internal-carotid-artery
stenosis. N Engl J Med. 2000;342:1693-1700.

6. Hennerici M, Hulsbomer HB, Hefter H, Lammerts D RW. Natural history of
asymptomatic extracranial arterial disease: results of a long-term prospective
study. Brain. 1987;110:777-791.

7. Norris JW, Zhu CZ, Bornstein NM CB. Vascular risks of asymptomatic carotid
stenosis. Stroke. 1991;22:1485-1490.

8. O’Holleran LW, Kennelly MM, McClurken M JJ. Natural history of
asymptomatic carotid plaque: five year follow-up study. Am J Surg.
1987;154:659-662.

9. Lal. BK. Carotid artery stenosis. BMJ Best Pract. 2019.

18



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Autret A, Pourcelot L, Saudeau D, Marchal C, Bertrand P de BS. Stroke risk in
patients with carotid stenosis. Lancet. 1987:888-890.

Prasad K. Pathophysiology and Medical Treatment of Carotid Artery Stenosis.
Int J Angiol. 2015;24:158-172.

Inés Miller Pinheiro, Gil Marques, Nadia Duarte, Ana Goncalves, Pedro
Barroso, Antonio Gonzalez MJF. Patologia da carétida. Rev Port Clin Geral.
2010;26:496-501.

Jacob Fog Bentzon, Fumiyuki Otsuka, Renu Virmani and EF. Mechanisms of
Plaque Formation and Rupture. Circ Res. 2014;114:1852-1866.

Mauriello A, Sangiorgi G M VR et al. A pathobiologic link between risk
factors profile and morphological markers of carotid instability.
Atherosclerosis. 2010;208:572-580.

Prasad K KJ. Oxygen free radicals and hypercholesterolemic atherosclerosis:
effect of vitamin E. Am Hear J. 1993;125:958-973.

K. P. Reduction of serum cholesterol and hypercholesterolemic atherosclerosis
in rabbits by secoisolariciresinol diglucoside isolated from flaxseed.
Circulation. 1999;99:1355-1362.

Willam C, Schindler R, Frei U EKU. Increases in oxygen tension stimulate
expression of ICAM-1 and VCAM-1 on human endothelial cells. Am J Physiol.
1999;276:2044—2052.

Chiu J J, Wung B S, Shyy J Y-J, Hsieh H J WDL. Reactive oxygen species are
involved in shear stress-induced intercellular adhesion molecule-1 expression
in endothelial cells. Arter Thromb Vasc Biol. 1997;17:3570-3577.

Cushing S D, Berliner J A VAJ et al. Minimally modified low density

lipoprotein induces monocyte chemotactic protein 1 in human endothelial cells

19



20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

and smooth muscle cells. Proc Natl Acad Sci U S A. 1990;87:5134-5138.
Rajagopalan S, Meng X P, Ramasamy S, Harrison D G GZS. Reactive oxygen
species produced by macrophage-derived foam cells regulate the activity of
vascular matrix metalloproteinases in vitro. Implications for atherosclerotic
plaque stability. J Clin Invest. 1996;98:2572—-2579.

Mehta AJKVKPPL. Oxidative Stress in Atherosclerosis. Genet Genomics.
2017.

Phan S H, McGarry B M, Loeffler K M KSL. Regulation of macrophage-
derived fibroblast growth factor release by arachidonate metabolites. J Leukoc
Biol. 1987;42:106-113.

Yamazaki M US. Pathophysiology of carotid stenosis. Brain Nerve.
2010;62:1269-1275.

Yung-Chih Chen, Alex L. Huang, Tin S. Kyaw, Alex Bobik and KP.
Atherosclerotic Plaque Rupture. Arterioscler Thromb Vasc Biol. 2016.

Al. RMF et. Management of asymptomatic carotid atherosclerotic disease.
UpToDate.

N. AJ. Extracranial carotid artery. Current concepts of diagnosis and
management. Tex Hear Inst J. 1991;18:93-97.

Audrey Bowen, Martin James GY. Stroke guidelines. R Coll Physicians. 2016.
Mathiesen E B, Joakimsen O BKH. Prevalence of and risk factors associated
with carotid artery stenosis: the Tromsg Study. Cerebrovasc Dis. 2001;12:44—
51.

de Weerd M, Greving JP, Hedblad B, Lorenz MW, Mathiesen EB, O’Leary DH
et al. Prediction of asymptomatic carotid artery stenosis in the general

population identification of high-risk groups. Stroke. 2014;45:2366-2371.

20



30.

31.

32.

33.

34.

35.

36.

37.

38.

39..

Prasad K. Pathophysiology of atherosclerosis. New York, NY Springer Verlag.
2000:85-105.

O’Donnell R W, Johnson D K, Ziegler L M, DiMattina A J, Stone R | HJA.
Endothelial NADPH oxidase: mechanism of activation by low-density
lipoprotein. Endothelium. 2003;10:291-297.

Amarenco P LJ. Lipid management in the prevention of stroke: review and
updated meta-analysis of statins for stroke prevention. Lancet Neurol.
2009:453-463.

KimY S, Sung H J SSJ et al. Triglyceride (TG) down-regulates expression of
MCP-1 and CCR2 in PMA-derived THP-1 macrophages. Genes and Genomics.
2013;35:125-130.

Bautista L E, Vera L M, Arenas | A GG. Independent association between
inflammatory markers (C-reactive protein, interleukin-6, and TNF-o) and
essential hypertension. J Hum Hypertens. 2005;19:149-154.

Shalia K K, Mashru M R, Vasvani J B, Mokal R A, Mithbawkar S M TPK.
Circulating levels of cell adhesion molecules in hypertension. Indian J Clin
Biochem. 2009;24:388-397.

J. LA. Atherosclerosis. Nature. 2000;407:233-241.

Kitiyakara C WCS. Antioxidants for hypertension. Curr Opin Nephrol
Hypertens. 1998;7:531-538.

Mast H, Thompson J LP LI-F et al. Cigarette smoking as a determinant of high-
grade carotid artery stenosis in Hispanic, black, and white patients with stroke
or transient ischemic attack. Stroke. 1998;29:908-912.

Kalra J, Chaudhary A K PK. Increased production of oxygen free radicals in

cigarette smokers. Int J Exp Pathol. 1991;72:1-7.

21



40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Nicholl I D BR. Advanced glycation endproducts and cigarette smoking. Cell
Mol Biol. 1998;44:1025-1033.

K. P. Soluble receptor for advanced glycation end products (SRAGE) and
cardiovascular disease. Int J Angiol. 2006;15:57-68.

D. B-R. Glucose and reactive oxygen species. Curr Opin Clin Nutr Metab
Care. 2002;5:561-568.

Inoguchi T, Li P UF et al. High glucose level and free fatty acid stimulate
reactive oxygen species production through protein kinase C—dependent
activation of NAD(P)H oxidase in cultured vascular cells. Diabetes.
2000;49:1939-1945.

Xia P, Inoguchi T, Kern T S, Engerman R L, Oates P J KGL. Characterization
of the mechanism for the chronic activation of diacylglycerol-protein kinase C
pathway in diabetes and hypergalactosemia. Diabetes. 1994;43:1122-1129.

T. BZ. Obesity and diabetes. Diabetes Care. 2000;23:1584-1590.

Kotsis V, Stabouli S, Papakatsika S, Rizos Z PG. Mechanisms of obesity-
induced hypertension. Hypertens Res. 2010;33:386-393.

K. P. C-reactive protein increases oxygen radical generation by neutrophils. J
Cardiovasc Pharmacol Ther. 2004;9:203-209.

K. P. C-reactive protein (CRP)-lowering agents. Cardiovasc Drug Rev.
2006;24:33-50.

Ringer A. Carotid stenosis (carotid artery disease). Mayfield, Brain and Spine.
Anxin Wang, Lingyun Wu, Xiaoxue Liu, Zhaoping Su, Yanxia Luo, Shuohua
Chen, Haibin Li, Xiangtong Liu, Lixin Tao, Jin Guo, Feng Zhang, Yibin Cao,
Xingquan Zhao, Shouling Wu XG. The prevalence of carotid plague with

different stability and its association with metabolic syndrome in China.

22



51.

52.

53.

54,

55.

56.

S57.

Medicine (Baltimore). 2016.

Kakkos SK, Nicolaides AN, Charalambous I, Thomas D, Giannopoulos A,
Naylor AR, Geroulakos G A AL. Predictors and clinical significance of
progression or regression of asymptomatic carotid stenosis. J Vasc Surg.
2014:956-967.

Perren F. Carotid artery stenosis grading and examination of the vulnerable
plaque. 3rd Congr Eur Acad Neurol. 2017.

A.R. Naylora, J.-B. Riccoa, G.J. de Bors et al. Editor’s Choice — Management
of Atherosclerotic Carotid and Vertebral Artery Disease: 2017 Clinical Practice
Guidelines of the European Society for Vascular Surgery (ESVS). Eur J Vasc
Endovasc Surg. 2018;55:3-81.

Kernan WN, Ovbiagele B, Black HR, Bravata DM, Chimowitz MI, Ezekowitz
MD et al. Guidelines for the prevention of stroke in patients with stroke and
transient ischemic attack: a guideline for healthcare professionals from the
American Heart  Association/American  Stroke  Association.  Stroke.
2014,45:2160-2236.

Estruch R, Ros E, Salas-Salvado J, Covas MlI, Corella D, Aros F et al. Primary
prevention of cardiovascular disease with a Mediterranean diet. N Engl J med.
2013;368:1279-1290.

Eckel RH, Jakicic JM, Ard JD, de Jesus JM, Houston Miller N, Hubbard VS et
al. 2013 AHAJ/ACC guideline on lifestyle management to reduce
cardiovascular risk: a report of the American College of Cardiology/American
Heart Association Task Force on Practice Guidelines. J am Coll Cardiol.
2014,63:2960-2984.

Sacco RL, Adams R, Albers G et al. Guidelines for prevention of stroke in

23



58.

59.

60.

61.

62.

63.

64.

65.

patients with ischemic stroke or transient ischemic attack: a statement for
healthcare professionals from the American Heart Association/American
StrokeAssociation Council on Stroke: Co-sponsored by the Council on Ca.
Stroke. 2006;37:577-617.

Sacks FM, Svetkey LP, Vollmer WM et al. Effects on blood pressure of
reduced dietary sodium and the Dietary Approaches to Stop Hypertension
(DASH) diet. DASH-Sodium Collaborative Research Group. N Engl J Med.
2001;344:3-10.

Chiuve SE, Rexrode KM, Spiegelman D et al. Primary prevention of stroke by
healthy lifestyle. Circulation. 2008;118:947-54.

de Lorgeril M, Salen P, Martin J-L et al. Mediterranean diet, traditional risk
factors, and the rate of cardiovascular complications after myocardial
infarction: final report of the Lyon Diet Heart Study. Circulation.
1999;99:779-85.

Naylor AR. Expert commentary on “asymptomatic carotid stenosis” less is
more! Indian J Vasc Endovasc Surg. 2018;5:6-8.

Barnett H J, Taylor D W EM et al. Benefit of carotid endarterectomy in
patients with symptomatic moderate or severe stenosis. North American
Symptomatic Carotid Endarterectomy Trial Collaborators. N Engl J Med.
1998;339:1415-1425.

Study EC for the ACA. Endarterectomy for asymptomatic carotid artery
stenosis. JAMA. 1995;273:1421-1428.

John J. Ricotta et al. Updated Society for Vascular Surgery guidelines for
management of extracranial carotid disease. J Vasc Surg. 2011;54:1-31.

Hobson R W II, Mackey W C AE et al. Management of atherosclerotic carotid

24



66.

67.

68.

69.

70.

71.

artery disease: clinical practice guidelines of the Society for VVascular Surgery.
J Vasc Surg. 2008;48:480—486.

Halliday A, Harrison M, Hayter E, Kong X, Mansfield A, Marro J et al. 10-
year stroke prevention after successful carotid endarterectomy for
asymptomatic stenosis (ACST-1): a multicentre randomised trial. Lancet.
2010;376:1074-1084.

Baigent C, Keech A, Kearney PM, Blackwell L, Buck G, Pollicino C et al.
Cholesterol Treatment Trialists’ (CTT) Collaborators. Efficacy and safety of
cholesterol-lowering treatment: prospective meta-analysis of data from 90,056
participants in 14 randomised trials of statins. Lancet. 2005;366:1267-1278.
Law MR, Morris JK WN. Use of blood pressure lowering drugs in the
prevention of cardiovascular disease: meta-analysis of 147 randomised trials in
the context of expectations from prospective epidemiological studies. BMJ.
2009;338:1665.

Huo Y, Li J, Qin X, Huang Y, Wang X, Gottesman RF et al. CSPPT
Investigators. Efficacy of folic acid therapy in primary prevention of stroke
among adults with hypertension in China: the CSPPT randomized clinical trial.
JAMA. 2015;313:1325-1335.

Bryan Williams, Giuseppe Mancia, Wilko Spiering, Enrico Agabiti Roseli,
Michel Azizi, Michel Burnier, Denis L Clement, Antonio Coca, Giovanni de
Simone AD. 2018 ESC/ESH Guidelines for the management of arterial
hypertension. Eur Heart J. 2018;39(33):3021-3104.

Naylor AR, Ricco JB, de Borst GJ, Debus S, de Haro J, Halliday A et al.
Editor’s choice — management of atherosclerotic carotid and vertebral artery

disease: 2017 clinical practice guidelines of the European Society for Vascular

25



72.

73.

74.

75.

76.

77.

78.

79.

80.

Surgery (ESVS). Eur J Vasc Endovasc Surg. 2018;55:3-81.

Rothwell PM GL. Carotid endarterectomy for Asymptomatic Carotid Surgery
Trial. Stroke. 2004;35:2425-2427.

Halliday A, Mansfield A, Marro J et al. Prevention of disabling and fatal
strokes by successful carotid endarterectomy in patients without recent
neurological symptoms: randomised controlled trial. Lancet. 2004;363:1491-
1502.

Nicolaides AN, Kakkos SK, Griffin M et al. Severity of asymptomatic carotid
stenosis and risk of ipsilateral hemispheric ischaemic events: results from the
ACSRS study. Eur J Vasc Endovasc Surg. 2005;30:275-284.

Plenge J K, Hernandez T L WKM et al. Simvastatin lowers C-reactive protein
within 14 days: An effect independent of low density lipoprotein cholesterol
reduction. Circulation. 2002;106:1447-1452.

LS. H. Progression rate and ipsilateral neurological events in asymptomatic
carotid stenosis. Stroke. 2014;45:702-706.

Nicolaides AN, Kakkos SK, Kyriacou E et al. Asymptomatic internal carotid
artery stenosis and cerebrovascular risk stratification. J Vasc Surg.
2010;52:1486-1496.

Madani A, Beletsky V, Tamayo A, Munoz C, Spence JD et al. High-risk
asymptomatic carotid stenosis: ulceration on 3D ultrasound vs TCD
microemboli. Neurology. 2011;77:744-750.

Paraskevas Kl, Spence JD, Veith FJ, Nicolaides AN et al. Identifying which
patients with asymptomatic carotid stenosis could benefit from intervention.
Stroke. 2014,45:3720-3724.

Abbott AL, Chambers BR, Stork JL, Levi CR, Bladin CF DG. Embolic signals

26



81.

82.

83.

84.

85.

86.

and prediction of ipsilateral stroke or transient ischemic attack in asymptomatic
carotid stenosis: a multicenter prospective cohort study. Stroke. 2005;36:1128-
1133.

Gupta A, Chazen JL, Hartman M et al. Cerebrovascular reserve and stroke risk
in patients with carotid stenosis or occlusion: a systematic review and meta-
analysis. Stroke. 2012;43:2884-2891.

Meschia JF, Bushnell C, Boden-Albala B, Braun LT, Bravata DM, Chaturvedi
S et al. Guidelines for the primary prevention of stroke: a statement for
healthcare professionals from the American Heart Association/American
Stroke Association. Stroke. 2014;45:3754-3832.

Goldstein LB, Bushnell CD, Adams RJ, Appel LJ, Braun LT, Chaturvedi S et
al. Guidelines for the primary prevention of stroke: a guideline for healthcare
professionals from the American Heart Association/American Stroke
Association. Stroke. 2011;42:517-584.

J David Spence, Hongsong Song GC. Appropriate management of
asymptomatic carotid stenosis. BMJ. 2016;1.

Selim M H MCA. Medical versus surgical treatment of asymptomatic carotid
stenosis: the ever-changing nature of evidence-based medicine. Stroke.
2011;42:1156-1157.

Kamal Gupta ZS. What Is the Future of Asymptomatic Carotid Artery Disease?

Am Coll Cardiol. 2015.

27



28



Anexos



Normas de Publicacdo de Trabalhos da Revista da SPCCTV - Sociedade

Portuguesa de Cirurgia Cardiotoracica e Vascular

Consultado e retirado no site do respectivo link
https://www.spcctv.pt/revista/normas.html no dia 03/02/2020.

“A Revista da SPCCTV destina-se a publicacdo de artigos originais nos
campos da Cirurgia Cardiotoracica e Vascular. Os manuscritos serao revistos
pelos Editores e por revisores externos, e a sua aceitacdo dependera do seu
interesse, originalidade e validade cientificas. A lingua oficial da revista ‘e o
Portugués, mas a submissao de Artigos Originais, Artigos de Revisdao, Casos
Clinicos e Imagens em Cirurgia integralmente em lingua Inglesa ‘e fortemente
recomendada. Caso desejem, os autores podem enviar uma versao em Inglés
(para indexacgéo) e outra em Portugués, para a revista impressa. E obrigatoria a

submissao dos resumos em Inglés.

Artigos

Sao aceites submissdes nas seguintes categorias:

Tipo de Artigo Limite de palavras N° Maximo de Autores N° Maximo de referéncias N° Maximo de tabelas e figuras
Artigo Original 5000 8 25 8

Artigo de Revisdo s/limite 8 s/limite s/limite

Caso Clinico 1000 5 10 4

Imagens em Cirurgia 50 4 0 2

Carta ao Editorial 850 4 8 2

Editorial 1000 2 10 2

A contagem de palavras deve incluir resumo e bibliografia, excluindo
legendas e tabelas.
A cada edicdo, uma imagem seleccionada figura na capa da revista impressa.
Os editoriais apenas podem ser submetidos mediante convite do corpo
editorial.

As Cartas ao Editor, Imagens em Cirurgia e Editoriais dispensam o envio de

Resumo.


https://www.spcctv.pt/revista/normas.html

Formatacao

A submisséo devera ser feita integralmente em formato electronico. Os
ficheiros de texto devem ser submetidos em formato Word, com paginas
numeradas no canto inferior direito, tipo de letra Times New Roman, tamanho
12, duplo espaco e justificados. As imagens devem ser submetidas em
ficheiros individuais, em formato .tiff, com uma definicdo minima de 300dpi.

Elementos Obrigatorios
A. Carta de Submisséo

Os manuscritos devem ser acompanhados de uma Carta de Submissao

gue tera de incluir:

Declaracao de originalidade.

Concordéancia de todos os autores com o teor do artigo e aprovacao da verséo
final.

Transferéncia da propriedade intelectual para a Revista.

Declaracdo da presenca ou auséncia de conflitos de interesse. Se existentes,
os Autores devem revelar as relacdes comerciais com tecnologias em estudo,
as fontes de financiamento, a sua filiacéao Institucional ou Corporativa, incluindo
consultadorias.

Nota: Os Autores poderédo ser responsabilizados por falsas declaracoes.

B. Pagina de Titulo

Esta deve incluir o Titulo sem abreviacfes e em Maiusculas; o0 nome e
apelido dos autores e o(s) nome(s) e local(ais) da Instituicdo(6es) de afiliacdo
de cada autor. O nome, endereco, telefone e email do autor correspondente,
deve ser inscrito no fundo da pégina de titulo. No caso do manuscrito ter sido
apresentado nalguma Reunido, esta deve ser discriminada juntamente com a
data de apresentacdo. A contagem total de palavras do artigo (incluindo os

resumos, mas excluindo tabelas, figures e referéncias) deve ser referida.



C. Resumo (Abstract)

O Resumo, por ser a seccdo mais lida de todos os artigos, é
fundamental. Deve ser factual, sem abreviacbes (excepto unidades do SlI).
Deve incluir o Titulo e Autores, e ser estruturado em Objectivos — problema em
estudo ou objectivo do estudo, Métodos, explicando como o estudo foi
realizado, Resultados, revelando os dados encontrados e sua importancia e
Concluséo, revelando a conclusédo do estudo. O limite maximo de palavras no

resumo é 250.
D. Texto
O texto deve ser organizado nos seguintes elementos:

Introducéo: deve revelar o objectivo da investigacdo e fazer uma revisao
bibliografica curta do estado da arte em relacdo ao problema em estudo.
Material e Métodos: estes devem ser descritos em detalhe com a informacéao
adequada sobre Estudos Humanos ou Animais como atras referido. O uso de
abreviacOes deve ser limitado as unidades de medida do Sl ou as de uso
comum. As tecnologias devem ser nomeadas através do seu home generico,
com o0 seu nome comercial, nome e local do fabricante entre paréntesis. As
técnicas estatisticas de analise de dados devem ser descritas em detalhe.
Resultados: estes devem ser considerados a parte mais importante do artigo.
Por tal, € importante que sejam descritos de forma concisa mas
simultaneamente realcando os todos os resultados de forma completa, através
de tabelas ou figuras, incluindo os comentarios dos autores no texto.
Discusséo: a discussao deve ser clara e breve, devendo incluir a interpretacao
da significancia dos resultados e da sua relagdo com outros trabalhos
publicados na mesma area. A importancia dos resultados e as limitacGes
metodolégicas, se existirem, devem ser enunciadas.

Agradecimentos: a existirem, devem ser referidos no final do texto.
Referéncias: devem ser apresentadas sequencialmente de acordo com a
ordem de uso no texto e apresentadas como nameros entre paréntesis rectos.
Comunicagfes pessoais e dados ndo publicados ndo devem ser incluidos na

lista de referéncias, embora possam ser referidos no texto. Nas referéncias



todos os autores devem ser referidos e 0s jornais ou revistas apresentados de
acordo com as abreviagcbes usadas no Index Medicus. As referéncias devem
ser apresentadas do seguinte modo:

Revistas [1] Dinis da Gama A, Perdigéo J, Ministro A, Evangelista A, Damido A,
Garcia Alves A. The utilization of the “simplified technique” in the simultaneous
management of independent thoracic and abdominal aortic aneurysms. A
clinical report. RevPort Cir Cardiotorac V 2009;3:149 155.

Livros [2] Antunes M J. A Doenca da Saude. Lisboa: Quetzal 2001:167- 176.
Varios Autoresis[3] Fragata J, Martins L. Como evitar o erro em Medicina. Em:
Fragata J, Martins L, autores. O Erro em Medicina. Lisboa:Almedina, 2008:313-
348. Publicacdes Online (O DOI é referéncia obrigatdria e a Unica necessaria

para citacdes de artigos de publicacdes online)

Publicacdes Online (O DOI é referéncia obrigatéria e a Unica necessaria para
citagbes de artigos de publicagbes online)ist:{4] Azevedo O, Almeida J, Nolasco
T, Medeiros R, Casanova J, Bartosch C, Almeida J, Pinho P. Massive right

atrial myxoma presenting as syncope and exertional dyspnea: case

(R

E. Tabelas

As tabelas devem ser numeradas de acordo com a sequéncia de
aparecimento no texto, e enviadas num ficheiro conjunto a parte do texto, em
formato Word. Devem incluir numero e cabecalho, assim como legenda se

necessaria.
F. Cabecalho e Legendas de Figuras

O cabecalho e legendas de figuras devem ser entregues num ficheiro
conjunto a parte do texto, em formato Word, mencionando o numero

correspondente ao ficheiro de imagem enviado.
G. Figuras

As figuras devem ser numeradas de acordo com a sequéncia de

aparecimento no texto, e enviadas em ficheiros individuais, referenciando o



respectivo nimero. Apenas sdo aceites ficheiros em formato .tiff com um

minimo de 300dpi.
Submisséao Eletréonica

A submissdo electrénica de manuscritos deve ser realizada

para: manuscritos.revista@spcctv.pt.

Apenas sdo consideradas validas as submissbes que cumpram as regras
anteriormente descritas. Apdés a submissdo, os Editores confirmardo a boa

recepcao do manuscrito junto do autor correspondente.

Manuscritos aceites para revisao

Os manuscritos revistos devem ser enviados convenientemente titulados
— revisaol, revisdoz, etc, incluindo novas figuras e tabelas caso necessario. Os
comentarios dos editores e/ou revisores devem ser discutidos ponto a ponto
numa carta anexa e as alteracfes propostas discutidas. As alteracbes devem

ser visiveis utilizando a fung¢ao “track changes” do Word.”


mailto:manuscritos.revista@spcctv.pt

Figures



Figure 1. Anatomy of carotid arteries.
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Figure 2. Atherothrombosis.
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Figure 3. Molecular mechanism of atherosclerosis and posterior thrombosis?*.
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