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Arteriosclerosis, atherosclerosis, arteriolosclerosis, and
Monckeberg medial calcific sclerosis: what is the difference?

Arteriosclerose, aterosclerose, arteriolosclerose e esclerose calcificante da média de
Monckeberg: qual a diferen¢a?
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Abstract

Cardiovascular diseases are the main cause of death in contemporary times. Arteriosclerosis, atherosclerosis,
arteriolosclerosis, and Monckeberg's arteriosclerosis are terms that are often used interchangeably, but they refer to
different vascular pathologies. The objective of this study is to review the concepts of atherosclerosis, atherosclerosis,
arteriosclerosis and Monckeberg medial calcific sclerosis (MMCS). The term arteriosclerosis is more generic, meaning
the stiffening and consequent loss of elasticity of the arterial wall, and encompasses the other terms. Atherosclerosis is
an inflammatory disease secondary to lesions in the intimal layer and whose main complication is acute and chronic
obstruction of the arterial lumen. Arteriolosclerosis refers to thickening of arterioles, particularly in association with
systemic arterial hypertension. MMCS refers to non-obstructive calcification in the internal elastic lamina or the tunica
media of muscular arteries. Vascular calcifications, which include atherosclerotic lesions and MMCS, have been studied
as a risk factor for cardiovascular morbidity and mortality.
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Resumo

A principal causa de ébito na contemporaneidade sdo as doencas cardiovasculares. Arteriosclerose, aterosclerose,
arteriolosclerose e arteriosclerose de Monckeberg séo termos frequentemente utilizados como sinébnimos, mas traduzem
alteragdes distintas. O objetivo desta revisdo foi discutir os conceitos de arteriosclerose, aterosclerose, arteriolosclerose
e esclerose calcificante da média de Monckeberg. O termo arteriosclerose é considerado mais genérico, significando
o0 enrijecimento e a consequente perda de elasticidade da parede arterial, abarcando os demais tipos. A aterosclerose
¢ uma doenga inflamatéria secundaria a lesdes na camada intima, que tem como principal complicagdo obstrugido
cronica e aguda do lumen arterial. A arteriolosclerose se refere ao espessamento das arteriolas, particularmente
relacionada a hipertenséo arterial sistémica. Ja a esclerose calcificante da média de Monckeberg designa a calcificagéo,
nao obstrutiva, da lamina elastica interna ou da tnica média de artérias musculares. As calcificagdes vasculares, que
incluem lesdes ateroscleroticas e a esclerose calcificante da média de Monckeberg, vém sendo estudadas como um
fator de risco para a morbimortalidade cardiovascular.

Palavras-chave: aterosclerose; arteriosclerose; arteriolosclerose; esclerose calcificante da média de Monckeberg;
calcificagio vascular.
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INTRODUCTION

Cardiovascular diseases (CVD) are the main cause
of morbidity and mortality worldwide.! Globally,
CVD were the cause of more than 17 million deaths in
2017." Ischemic cardiac disease was the number one
cause of death from CVD, with around 8.93 million
deaths, which, added to the 6.17 million deaths due
to stroke, accounted for 84.9% of deaths from CVD
worldwide.!

In Brazil, there were 424,058 deaths from CVD in
2015.2 Standardized for age, the mortality rate from
CVD showed a 40.4% reduction from 1990 to 2015,
falling from 429.5 per 100 thousand inhabitants to
256 per 100 thousand inhabitants.? In the municipal
district of Sdo Paulo, a longitudinal study conducted
from 2000 to 2010 showed an increasing prevalence
of CVD among people over the age of 60 years,
reaching 22.9%.’

In addition to heart diseases, disorders involving
the arteries are also classified as CVD.!? Despite the
reduction in mortality due to ischemic heart disease
and cerebrovascular disease among Brazilians from
1990 to 2015, there was an increase in mortality of
both sexes due to peripheral vascular disease (PVD),
increasing from 0.9 to 1.6 per 100 thousand inhabitants,
which equates to an 82.1% increase.’

The arteries have attracted medical and scientific
interest for a very long time. Around 200 years BC,
Galen conducted an experiment demonstrating that
the arteries contained blood, not air.* The arteries are
classified into elastic and muscular arteries, according
to their composition, and with areas of transition
between the two different types.’ The artery wall has
three layers, or tunicae.’ The most inward layer is the
tunica intima, which is lined with endothelial cells.
The next layer is the tunica media, which contains
smooth muscle cells and, the outer layer is the tunica
adventitia, made up of connective tissues, collagen,
and elastic fibers.’> The intima and media are separated
by the internal elastic lamina, whereas the external
elastic lamina delineates the division between the
medial and adventitial layers.’

Many diseases course with artery wall disorders.
These include arteriosclerosis, atherosclerosis (AT),
arteriolosclerosis, and Monckeberg medial calcific
sclerosis (MMCS), which are terms used by healthcare
professionals in their daily routines and found in the
literature. The four terms are sometimes treated as
synonyms, but they describe different concepts, with
distinct morphological aspects.®’

The objective of this study was to review the
concepts of arteriosclerosis, AT, arteriolosclerosis, and
MMCS, which are found in the literature and used
by healthcare professionals in their daily practice.

Arteriosclerosis, atherosclerosis, and calcification

A narrative literature review was conducted, seeking
references that would contribute to understanding
of these concepts. Randomized clinical trials and
observational studies were classified with their
evidence levels in parentheses.®

ARTERIOSCLEROSIS

Arteriosclerosis is a word with Greek origins
that means hardening or stiffening of the artery
wall.” The term arteriosclerosis tends to be employed
generically, including three different disorders: AT,
arteriolosclerosis, and MMCS.”

Hardening of the vascular walls, known as
arteriosclerosis, can lead to increased systolic
and pulse pressure, with consequent ventricular
hypertrophy, which is one of the factors associated
with CVD mortality.® The type of vessel predominantly
involved in each of the pathological processes can
also differ. Whereas AT involves large and medium
caliber arteries, the term arteriolosclerosis denotes
compromised arterioles.’

ATHEROSCLEROSIS

Atherosclerosis is considered a chronic inflammatory
disease, with involvement of both innate and adaptive
immunity and participation of macrophages and
lymphocytes in the atherosclerotic process.”'" In the
context of this definition, the role of inflammatory
biomarkers as a risk factor for cardiovascular events
and monitoring treatment has been studied in the
literature.’ A randomized, controlled, and double-
blind study (the JUPITER trial) showed that there
was a reduction in high-sensitivity C-reactive protein
levels among patients who used the medication
Rosuvastatin, with a reduction in cardiovascular
events (level 1b)."

Risk factors associated with AT are subdivided into
environmental factors and genetic conditions.'> Smoking,
adietrich in lipids and inactivity are environmental
factors that can be modified, whereas sex, diabetes
mellitus (DM), systemic arterial hypertension
(SAH), and family history have strong genetic
components.'> Age, DM, SAH, dyslipidemia, and
smoking are factors associated with increased risk
of CVD and PVD, and the main cause of these
diseases is AT.>!1°

Advanced age contributes to increased prevalence
of CVD (level 2b).> Among the elderly, increasing
age is associated with higher prevalence of CVD and,
as the life expectancy of the Brazilian population
increases (76.3 years overall and 72.8 years for men and
79.9 years for women), this risk factor has a growing
impact.*!* Another important risk factor, DM has an
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estimated prevalence in Brazil of 6.6 to 9.4% of the
population and rates are higher among older people,
women, persons with low educational level, and people
with overweight and obesity (level 2b)."* Diabetes
Mellitus is considered a risk factor for AT, heart failure,
intermittent claudication, and mortality from CVD
in both sexes.'> With regard to risk factors for CVD,
although smoking rates have fallen, upward trend in
rates of overweight and obesity, physical inactivity,
and DM have been observed among Brazilians.'

The pathogenesis of atherosclerotic disease
is linked to injury or dysfunction of endothelial
cells, determined by the many different risk
factors, modifiable or non-modifiable, creating a
proinflammatory and pro-thrombotic environment,
consisting of increased vascular permeability, influx
of lipids (cholesterol and esters of cholesterol),
adhesion of blood monocytes and lymphocytes,
adhesion of platelets, and expression of growth
factors with proliferation of smooth muscle fibers,
which migrate to the intima, where they produce
extracellular matrix.>!” The atherosclerotic plaques
that are formed in this manner have a lipid nucleus,
formed by cholesterol and esters of cholesterol present
in activated macrophages and smooth muscle cells
(xanthomatous cells) or in the extracellular space
in the form of cholesterol crystals, lymphocytes,
and necrotic remnants, in addition to a fibrous cap
formed from collagen produced by the smooth muscle
fibers that have migrated to the intima. The variable
proportion of these elements determines different
morphological aspects which, in turn, are related to
different clinical presentations and are associated
with varying cardiovascular risks.'®

One histological classification for atherosclerotic
lesions employs a numerical grade based on the
characteristics of the plaque.” Initial lesions, types I, 11,
and III, tend to be small and clinically silent and have
little or no disorganization of the tunica intima.'” Type

Arteriosclerosis, atherosclerosis, and calcification

I lesions have accumulation of intracellular lipids
with isolated foam cells; type II lesions have greater
numbers of foam cells, with fatty streaks; and type I11
lesions, known as intermediate or transition lesions,
have foam cells and small extracellular accumulations
of lipids.!” Type III lesions are also known as pre-
atheroma, and are found in young adults."”

Advanced lesions start with type IV, or atheroma,
in which there is a lipid core that is well-formed
with foam cells and extracellular deposits in the
form of cholesterol crystals.'”” Type V lesions,
or fibroatheroma, are characterized by a well-
developed lipid core covered by a fibrous capsule.
Type VI lesions are known as complicated lesions
(Figure 1), because of presence of disorders such
as intraplaque hemorrhage, fissures, erosions, or
thrombosis.'” An update to this classification provided
greater detail on complicated lesions (Figure 2),
adding type VII atherosclerotic lesions, in which
calcification predominates, and type VIII lesions,
in which fibrosis predominates.?

The progression of lesions does not necessarily
occur in a single direction or in a strictly sequential
manner.?’ Atheromas, or advanced type IV lesions,
can develop directly to types V, VI, VII, or VIII,
without necessarily proceeding through each of those
stages.?” Other classifications have been proposed in
the literature, also based on atherosclerotic lesions
in coronary arteries, but considering presence of
erosion and plaque rupture and also presence of
thrombi.'®

The morphology of atherosclerotic plaques plays
an important role in clinical presentation. Whereas
clinically evident chronic obstructive lesions are
generally fibroatheromas, in which the lipid core is
small and the fibrous cap is well developed, making
the artery more rigid, acute obstructions due to
thrombosis more frequently form on plaques with a
large lipid core and a thin or inexistent fibrous cap,

Figure 1. Histological section of peripheral vascular bundle from a lower limb with atherosclerotic lesion: A) Peripheral vascular
bundle with total obstruction of the arterial lumen. B) In the detailed image, Monckeberg medial calcific sclerosis can be observed
in the periphery (external arrow), while occlusive arterial thrombosis in organization is seen centrally (internal arrow).
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known as thin-cap fibroatheromas, soft plaques, or
vulnerable plaques.?! The well-developed lipid core
is indicative of predominance of the proinflammatory
environment, with large numbers of activated
macrophages secreting metalloproteinases that lyse
the fibrous cap and make the plaque more predisposed
to fissures and ulcerations.’

Clinical presentation can vary depending on the
degree of lumen obstruction and the velocity with
which the obstruction develops. Chronic obstruction
can become clinically evident when the lumen is
reduced by at least 70%. However, acute obstructions,
associated with thrombosis, can occur with clinically
silent plaques.

In the peripheral arteries, a study of patients with
peripheral arterial occlusive disease (PAOD) showed
that in patients who had undergone an amputation
there were advanced atherosclerotic lesions in arterial
segments, the majority of which were types V and
VI, with degree of obstruction exceeding 75% (level
3b).?2 Another study including cases with critical
limb ischemia, and analyzing arteries of amputated
lower limbs, found a predominance of fibroatheroma
lesions and plaques with fibrocalcification in the
femoropopliteal segment, and an elevated frequency
of thrombi and calcification of the tunica media in
infrapopliteal arteries (level 3b).

ARTERIOLOSCLEROSIS

Arterioles are part of the microvascular bed, located
between the terminal arteries and the capillaries,
and are responsible for the greater part of peripheral
resistance to blood flow.?* The terminal arteries
and the arterioles control resistance to blood flow,
contributing to control of arterial blood pressure and
regulating tissue perfusion.?* The arteriole wall has
cellular and extracellular components, the greater
part of which are composed of smooth muscle cells,
which control the diameter of the vessel, responding

Arteriosclerosis, atherosclerosis, and calcification
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Figure 2. Histological sections of peripheral arterial segments from lower limbs with atherosclerotic lesions. A) Atherosclerotic
lesion of the fibroatheroma type (arrow). B) Complicated atherosclerotic lesion with presence of calcification of the plaque (arrow).

with vasoconstriction or vasodilation to the various
different physiological stimuli.>**

Arteriolosclerosis is thickening of the arteriole
walls. It can be present in many different tissues
and organs and is observed in a variety of diseases.
Thickening of the arterioles has been described among
the histological findings of liver disease secondary
to schistosomiasis.”® Systemic arterial hypertension
is one of the risk factors implicated in AT and is also
related to arteriolosclerosis.?*?’

There are two types of arteriole thickening:
hyaline arteriolosclerosis and hyperplastic
arteriolosclerosis.” Hyaline arteriolosclerosis is frequently
associated with SAH (level 2b).?**® The kidney and
brain are both organs that can be compromised by
arteriolosclerosis.?* In the kidneys of hypertensive
patients, hyaline arteriolosclerosis of the afferent
glomerular arteriole causes chronic ischemia and
consequent glomerulosclerosis, responsible for
progression to chronic renal failure.* In the brain, hyaline
arteriolosclerosis and formation of Charcot-Bouchard
microaneurysms are responsible for intraparenchymal
hemorrhage, an important complication in hypertense
patients. Hyperplastic arteriolosclerosis is characterized
by laminar and concentric thickening, which cause
significant reduction of the arteriole lumen, consist
of smooth muscle cells with thickened and multiple
basement membranes, and are associated with severe
SAH cases.*

Mechanisms that regulate the activities of arterioles
at the molecular level have been studied in experimental
animal models.’! A study that was conducted with
data from patients with Alzheimer’s disease found
that cerebral arteriolosclerosis was associated with
cognitive changes in the elderly (level 2b).?* In
the lower limbs of patients with advanced PAOD,
another study found arteriole thickening in half of
non-diabetic patients and 63% of diabetic patients,
with no significant difference between the groups
(level 3b).22
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MONCKEBERG MEDIAL CALCIFIC
SCLEROSIS

Monckeberg medial calcific sclerosis is also known
by other denominations , such as medial arterial
calcification (MAC), Monckeberg’s arteriosclerosis,
and Monckeberg medial calcinosis®** (Figure 3).
It was first described in 1903 as a calcification
located in the middle layer of the walls of arteries
that does not involve the intima.?*3* Considering
the original description, there are disagreements
in the literature on whether or not MMCS includes
calcifications located in the internal elastic
lamina.”*? An observational study suggested that
calcification in MMCS could be present both in
the arterial tunica media and in the internal elastic
lamina (level 4).** Some authors have proposed
changing the classification and nomenclature of
artery wall lesions to make the characteristics of
each lesion clearer.”

Different mechanisms may be implicated in
MMCS, such as activation and migration of
myofibroblasts from the adventitia and differentiation
of smooth muscle cells.® The distinct clinical
conditions associated with MMCS include DM,
chronic kidney disease (CKD), and advanced
age.®32333% In general, MMCS is rare before
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50 years of age, but it may have onset earlier
in CKD, even in the absence of atherosclerotic
lesions.”**Monckeberg medial calcific sclerosis is
considered a type of vascular calcification (VC) and
has been associated with increased cardiovascular
morbidity and mortality.®3 A cohort study that
enrolled adults with no history of CVD suggested
a possible association between an elevated ankle-
brachial index (ABI) (> 1.4) and increased risk of
cardiovascular mortality (level 2b).>’

The ABI is a noninvasive diagnostic method that
is suggestive of presence of MMCS when found to be
abnormal, although it can be falsely elevated in diabetic
patients with lower limb ischemia.?*3¢3 Calcification
of the tunica media of distal arteries (Figure 4) can
interfere with compression by the sphygmomanometer,
resulting in a falsely elevated ABI value. An observational
study found that 11% of diabetic patients with a
diagnosis of critical ischemia had a falsely elevated
ABI (level 3b).%®

Classically, MMCS does not manifest as an
obstructive lesion and does not compromise the
arterial lumen, but it can coexist with atherosclerotic
plaques.”® Even MMCS does not have an obstructive
nature, in contrast with advanced atherosclerotic
lesions, both types of VC can cause intraoperative
difficulties during arterial surgery.®

Figure 3. Histological section of a peripheral arterial segment from the lower limb, showing calcification located in the arterial

tunica media, or Monckeberg medial calcific sclerosis (arrows).

Figure 4. A & B) Digital arteriography with contrast showing images of arterial obstructions compatible with atherosclerosis (arrows).
C & D) Radioscopy and X-ray without contrast showing images compatible with Monckeberg medial calcific sclerosis (arrows).
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VASCULAR CALCIFICATION

The term VC is employed in the literature to
refer to a set of conditions characterized by ectopic
calcification in vascular territories.® The four distinct
disorders included in the class of vascular calcifications
are MMCS, calcification in the atherosclerotic plaque,
calcification of cardiac valves, and calciphylaxis.®> Of
the diseases discussed here, calcification may occur
in advanced atherosclerotic lesions and in MMCS,
and it can be difficult to distinguish the exact site
of calcification in tomographic images, whether the
arterial intima or media.”****

Computed tomography is an imaging method that is
used to formulate VC scores in many different arterial,
coronary, cerebral, and peripheral territories.**** A
prospective multicenter study that evaluated the accuracy
of 64 channel multislice computed tomography
angiography for diagnosis of coronary stenosis found
sensitivity of 95% for stenosis > 50% and 94% for
stenosis > 70% (level 1¢).*

In the intracranial arteries, a cohort study revealed
an association between tomographic calcification
scores, occurrence of vascular, coronary, cerebral, or
peripheral events, and deaths of patients who had had
an ischemic stroke (level 2b).** A multicenter cohort
study showed that individuals with higher calcium
measurements in the coronary arteries exhibited higher
risk of cardiovascular events due to atherosclerotic
disease in the different territories, regardless of age,
sex, and ethnicity (level 2b).*

In the peripheral arteries, VC scores are also
being proposed for patients with PVD of the lower
limbs. 334 A retrospective observational study, that
enrolled patients with symptomatic PVD, showed
that diabetics and people with CKD had higher
calcification scores and that tomographic peripheral
artery calcification scores were associated with greater
cardiovascular morbidity and mortality (level 2¢).*

Both, MMCS and calcified atherosclerotic lesions,
have risk factors in common, such as advanced age
and DM, and they can occur in isolation or they can
coexist in the artery wall.* Both types of VC can cause
problems for access, catheterization, angioplasty, re-
entry techniques, clamping, and anastomosis, in both
conventional surgery and endovascular procedures.
In infrainguinal arteries, VC makes recanalization
attempts challenging, increasing the risk of perforation,
dissection, and distal embolization.*® The literature
contains studies seeking treatment options for the
different forms of VC, whether investigating means
of prevention of calcification or proposing new
devices capable of treating calcifed arteries with
better results. 354346

Arteriosclerosis, atherosclerosis, and calcification

CONCLUSIONS

The medical practice uses similar terms to describe
distinct arterial diseases, which can make understanding
difficult. This review discussed the concepts involved
in these different disorders.

Whereas the term arteriosclerosis encompasses
all lesions that lead to hardening of the arteries,
atherosclerosis refers to presence of atheromatous
plaque, with lipids accumulate in the in the arterial
tunica intima. In turn, arteriolosclerosis describes
cellular or hyaline thickening of microvascular bed
vessels, the arterioles. Finally, MMCS is the presence
of calcification in the internal elastic lamina or in the
middle layer of muscular arteries. Atherosclerotic
lesions and MMCS are included among the vascular
calcifications, which are studied as risk factor for
cardiovascular events.
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Arteriosclerose, aterosclerose, arteriolosclerose e esclerose
calcificante da média de Monckeberg: qual a diferenca?

Arteriosclerosis, atherosclerosis, arteriolosclerosis, and Monckeberg medial calcific
sclerosis: what is the difference?

Vanessa Prado dos Santos' 9, Geanete Pozzan?, Valter Castelli Jinior?, Roberto Augusto Caffaro?

Resumo

A principal causa de ébito na contemporaneidade séo as doencas cardiovasculares. Arteriosclerose, aterosclerose,
arteriolosclerose e arteriosclerose de Monckeberg sio termos frequentemente utilizados como sindénimos, mas traduzem
alteragdes distintas. O objetivo desta revisdo foi discutir os conceitos de arteriosclerose, aterosclerose, arteriolosclerose
e esclerose calcificante da média de Monckeberg. O termo arteriosclerose é considerado mais genérico, significando
o enrijecimento e a consequente perda de elasticidade da parede arterial, abarcando os demais tipos. A aterosclerose
¢ uma doenga inflamatéria secundaria a lesbes na camada intima, que tem como principal complicagio obstrucdo
crénica e aguda do lumen arterial. A arteriolosclerose se refere ao espessamento das arteriolas, particularmente
relacionada a hipertenséo arterial sistémica. Ja a esclerose calcificante da média de Monckeberg designa a calcificagéo,
ndo obstrutiva, da lamina elastica interna ou da tinica média de artérias musculares. As calcificagdes vasculares, que
incluem lesdes ateroscleroticas e a esclerose calcificante da média de Monckeberg, vém sendo estudadas como um
fator de risco para a morbimortalidade cardiovascular.

Palavras-chave: aterosclerose; arteriosclerose; arteriolosclerose; esclerose calcificante da média de Monckeberg;
calcificagdo vascular.

Abstract

Cardiovascular diseases are the main cause of death in contemporary times. Arteriosclerosis, atherosclerosis,
arteriolosclerosis, and Monckeberg's arteriosclerosis are terms that are often used interchangeably, but they refer to
different vascular pathologies. The objective of this study is to review the concepts of atherosclerosis, atherosclerosis,
arteriosclerosis and Monckeberg medial calcific sclerosis (MMCS). The term arteriosclerosis is more generic, meaning
the stiffening and consequent loss of elasticity of the arterial wall, and encompasses the other terms. Atherosclerosis is
an inflammatory disease secondary to lesions in the intimal layer and whose main complication is acute and chronic
obstruction of the arterial lumen. Arteriolosclerosis refers to thickening of arterioles, particularly in association with
systemic arterial hypertension. MMCS refers to non-obstructive calcification in the internal elastic lamina or the tunica
media of muscular arteries. Vascular calcifications, which include atherosclerotic lesions and MMCS, have been studied
as a risk factor for cardiovascular morbidity and mortality.

Keywords: atherosclerosis; arteriosclerosis; arteriolosclerosis; Monckeberg medial calcific sclerosis; vascular calcification.
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INTRODUCAO

As doencas cardiovasculares (DCV) s3o uma
causa importante de morbimortalidade no mundo’.
Globalmente, as DCV causaram mais de 17 milhdes
de mortes em 2017'. A doenga cardiaca isquémica
foi a principal causa de morte por DCV, com cerca
de 8,93 milhdes de obitos, os quais, somados aos
6,17 milhdes de mortes por acidente vascular encefélico
(AVE), representaram 84,9% dos obitos por DCV
em todo o mundo'.

No Brasil, ocorreram 424.058 6bitos por DCV em
20152, A taxa de mortalidade por DCV, padronizada
por idade, apresentou um decréscimo de 40,4% entre
1990 € 2015, migrando de 429,5 por 100 mil habitantes
para 256 a cada 100 mil habitantes?. No municipio
de Sdo Paulo, um estudo longitudinal, feito entre
2000 e 2010, revelou uma prevaléncia crescente
de DCYV entre os individuos com mais de 60 anos,
chegando a 22,9%?.

Além das cardiopatias, as doengas que acometem
as artérias também estdo classificadas entre as DCV'2,
Apesar da diminui¢ao da mortalidade por cardiopatia
isquémica e doenca cerebrovascular entre os brasileiros,
de 1990 a 2015, houve uma elevagdo da mortalidade
por doenga vascular periférica (DVP) em ambos os
sexos, indo de 0,9 para 1,6, a cada 100 mil habitantes,
0 que representa um aumento de 82,1%?.

As artérias despertam interesse médico e cientifico
ao longo dos tempos. Cerca de 200 anos d.C., Galeno
demonstrou, através de um experimento, que as artérias
continham sangue, e ndo ar*. A classificagdo das artérias
subdivide-as em artérias elasticas e musculares, de
acordo com a sua composi¢ao, havendo areas de
transigdo entre os diferentes tipos®. A parede arterial
¢ composta por trés camadas ou tunicas’. A mais
interna ¢ a intima, recoberta por células endoteliais,
seguida da camada média, que contém as células
musculares lisas e, mais externamente, a tunica
adventicia, formada por tecido conjuntivo, colageno
e fibras elasticas®. O limite entre as tinicas, a intima
e a média ¢ demarcado pela lamina eléstica interna,
enquanto a lamina eldstica externa marca a disting@o
entre as camadas média e adventicia®.

Diversas doengas cursam com o comprometimento
da parede arterial. Entre elas, estdo as que denominamos
arteriosclerose, aterosclerose (AT), arteriolosclerose
e esclerose calcificante da média de Monckeberg
(ECMM), termos empregados no cotidiano das
profissdes da area da satde e na literatura. Por vezes
utilizados como sindnimos, os quatro termos traduzem
conceitos diferentes, com aspectos morfologicos
distintos®’.

O objetivo deste estudo foi revisar os conceitos
de arteriosclerose, AT, arteriolosclerose ¢ ECMM,

Arteriosclerose, aterosclerose e calcificagdo

que sdo termos comumente encontrados na literatura
especializada e utilizados no cotidiano dos profissionais
de saude. Foi realizada uma revisdo narrativa da
literatura, buscando referéncias que contribuissem
para a compreensao dos conceitos. Os ensaios clinicos
randomizados e os estudos observacionais foram
classificados de acordo com seu nivel de evidéncia
entre parénteses®.

ARTERIOSCLEROSE

Arteriosclerose ¢ uma palavra de origem grega,
que significa o endurecimento ou o enrijecimento
da parede arterial’. O termo arteriosclerose costuma
ser empregado de maneira genérica, incluindo estas
trés moléstias diferentes: a AT, a arteriolosclerose e
a ECMM".

O enrijecimento da parede vascular, chamado de
arteriosclerose, pode levar ao aumento da pressao sistolica
e da pressao de pulso, com consequente hipertrofia
ventricular, um dos fatores associados a mortalidade por
DCVS. O tipo de vaso predominantemente envolvido
em cada um desses processos patoldgicos também
pode diferir. Enquanto a AT acomete as artérias de
grande e médio calibre, o termo arteriolosclerose
denota o comprometimento das arteriolas’.

ATEROSCLEROSE

A ateroscleose (AT) vem sendo considerada uma
doenga inflamatoria cronica, com atuagao tanto da
imunidade inata quanto adaptativa, e participagdo de
macrofagos e linfocitos no processo aterosclertico®!?.
No contexto dessa defini¢do, o papel dos biomarcadores
inflamatorios na avaliacdo do risco de eventos
cardiovasculares e no acompanhamento terapéutico vem
sendo estudado na literatura’. Um estudo randomizado,
controlado e duplo-cego (JUPITER Trial) mostrou
que houve uma diminui¢do dos niveis de proteina
C reativa de alta sensibilidade nos pacientes que
utilizaram a medicagdo Rosuvastatina, com redu¢ao
de eventos cardiovasculares (nivel 1b)'.

Os fatores de risco associados a AT estdo
subdivididos em fatores ambientais e condi¢oes
genéticas!?. Tabagismo, dieta rica em lipidios e
sedentarismo sao fatores ambientais e modificaveis,
enquanto género, diabetes melito (DM), hipertensao
arterial sistémica (HAS) e historia familiar possuem
um forte componente genético'?. Idade, DM, HAS,
dislipidemia e tabagismo sdo fatores associados ao
maior risco de DCV e DVP, que t€ém como principal
causa a AT*!0,

A idade avancada contribui para uma maior
prevaléncia de DCV (nivel 2b)’. Entre idosos, o
aumento da faixa etaria esta associado a uma maior
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prevaléncia de DCV, e, com a crescente expectativa
de vida da populagao brasileira— 76,3 anos no geral,
sendo 72,8 anos para os homens e 79,9 anos para as
mulheres —, percebe-se o papel de destaque desse
fator de risco®!*. Outro importante fator de risco, o
DM, tem uma prevaléncia estimada no pais de 6,6 a
9,4% da populagdo, sendo maior quanto maior a
idade, entre as mulheres, entre pessoas com baixa
escolaridade e entre individuos com sobrepeso e
obesidade (nivel 2b)'*. O DM ¢ considerado um fator
de risco para AT, insuficiéncia cardiaca, claudicagdo
intermitente e mortalidade por DCV em ambos os
sexos”. Entre os fatores de risco de DCV, mesmo
tendo havido uma diminuigdo do tabagismo, tem sido
observada uma tendéncia de aumento dos indices de
sobrepeso e obesidade, inatividade fisica e DM entre
os brasileiros'®.

A patogenia da doenga aterosclerdtica esta relacionada
alesdo ou disfun¢do da célula endotelial, determinada
pelos diversos fatores de risco, modificaveis ou ndo,
criando um ambiente pro-inflamatdrio e pro-trombotico,
representado por aumento da permeabilidade vascular,
entrada de lipides (colesterol e ésteres de colesterol),
adesdo de mondcitos sanguineos e linfocitos, adesdo de
plaquetas e expressao de fatores de crescimento com
proliferagdo das fibras musculares lisas ¢ sua migragao
para a intima, onde produzem matriz extracelular®'’.
A placa aterosclerotica assim formada terd um nicleo
lipidico, formado por colesterol e ésteres de colesterol
presentes em macrofagos ativados e células musculares
lisas (células xantomizadas) ou no extracelular sob
a forma de cristais de colesterol, linfocitos e restos
necroticos, além de uma capa fibrosa formada por
colageno produzido pelas fibras musculares lisas
que migraram para a intima. A variavel propor¢ao
desses elementos determina diferentes aspectos
morfolégicos que, por sua vez, estdo relacionados a
diferentes comportamentos clinicos e associados a
risco cardiovascular variavel'®.

Arteriosclerose, aterosclerose e calcificagdo

Uma das classifica¢des histoldgicas propostas
para as lesdes ateroscleroticas utiliza uma divisao
numérica, de acordo com as caracteristicas da placa'’.
As lesdes iniciais, dos tipos I, IT e I1I, costumam ser
pequenas e clinicamente silenciosas, e ha pouca ou
nenhuma desorganizagdo da tinica intima'’. Na lesao
tipo I, existe o acimulo de lipideos intracelulares com
células espumosas isoladas; na lesdo tipo II, ha o maior
actimulo de células espumosas com estrias lipidicas;
e na lesdo tipo III, chamada de lesdo intermediaria ou
de transicao, existem células espumosas e pequenos
actmulos extracelulares de lipideos'”. A lesao tipo I11
também ¢ denominada pré-ateroma, sendo encontrada
em adultos jovens'”.

As lesdes avangadas se iniciam com o tipo IV ou
ateroma, em que se encontra o nucleo lipidico, ou
core lipidico, bem formado com células espumosas
e depositos extracelulares sob a forma de cristais
de colesterol'”. A lesdo tipo V, ou fibroateroma, se
caracteriza pelo nucleo lipidico bem desenvolvido,
recoberto pela capsula fibrosa. A lesdo tipo VI ¢
chamada de lesdo complicada (Figura 1), devido a
presenca de alteragdes como hemorragia intraplaca,
fissuras, erosdes ou trombose!®. Uma atualiza¢do
dessa classificagdo detalhou as lesdes complicadas
(Figura 2), incluindo o tipo VII, lesdes aterosclerdticas
em que predomina a calcificacdo, ¢ o tipo VIII, em
que ha predominancia da fibrose®.

Aprogressdo das lesdes ndo se da necessariamente
em uma unica dire¢do nem de maneira estritamente
sequencial®. Ateromas, ou lesdes avancadas do
tipo IV, podem evoluir diretamente para os tipos V,
VIIL, VII ou VIII, sem progredir necessariamente por
cada etapa®. Outras classificagdes foram propostas na
literatura, também a partir das lesdes aterosclerdticas
em artérias coronarias, considerando a presenga de
erosdo e de rotura da placa, bem como a presenca
de trombos'®.

Figura 1. Corte histolédgico de feixe vascular periférico do membro inferior com leséo aterosclerdtica: A) Feixe vascular periférico
com obstrugio completa da luz arterial. B) No detalhe, observa-se: mais perifericamente, a calcificagdo da camada média de
Monckeberg (seta externa) e, na porgdo central, trombose oclusiva arterial em organizagdo (seta interna).
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A morfologia das placas ateroscleroticas tem
papel importante na apresentacao clinica. Enquanto
as lesdes obstrutivas cronicas clinicamente evidentes
sdo representadas por fibroateromas, nos quais o
nucleo lipidico € pequeno e a capa fibrosa ¢ bem
desenvolvida, o que torna a artéria mais rigida,
as obstru¢des agudas por trombose ocorrem mais
frequentemente sobre placas com amplo nucleo lipidico
e capa fibrosa delgada ou inexistente, chamadas de
fibroateroma de capa delgada, placa mole ou placa
vulneravel?'. O nucleo lipidico bem desenvolvido
representa o predominio do ambiente pro-inflamatorio
com numerosos macrofagos ativados secretando
metaloproteinases que lisam a capa fibrosa e tornam
essa placa mais predisposta a fissuras e ulceragdes’.

A apresentagdo clinica pode variar na dependéncia
do grau de obstru¢do do lumen e da velocidade de
desenvolvimento da obstruc¢do. A obstrucdo crénica
pode ser clinicamente evidente quando ha reducdo
da luz em pelo menos 70%. Contudo, as obstrugdes
agudas, associadas a trombose, podem ocorrer sobre
placas clinicamente silenciosas.

Nas artérias periféricas, uma pesquisa entre
portadores de doenca arterial obstrutiva periférica
(DAOP) mostrou que, em segmentos arteriais de
pacientes que sofreram uma amputagao, existiam lesdes
ateroscleroticas avangadas, majoritariamente dos tipos
V e VI, com grau de obstrug@o acima de 75% (nivel
3b)?. Outro estudo, também com artérias de membros
inferiores amputados por isquemia critica, encontrou
predominancia de lesdes do tipo fibroateroma e placas
com fibrocalcificagdo, no segmento fémoropopliteo, ¢
uma elevada frequéncia de trombos e calcificagdo da
camada média nas artérias infrapopliteas (nivel 3b)=.

ARTERIOLOSCLEROSE

As arteriolas fazem parte do leito microvascular,
localizando-se entre as artérias terminais ¢ o0s
capilares, sendo responsaveis pela maior parte da

Arteriosclerose, aterosclerose e calcificagdo
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Figura 2. Cortes histoldgicos de segmentos arteriais periféricos de membros inferiores com lesdes ateroscleréticas. A) Lesdo
aterosclerotica do tipo fibroateroma (seta). B) Lesdo aterosclerética complicada com presenca de calcificagdo na placa (seta).

resisténcia periférica ao fluxo sanguineo®. As artérias
terminais e as arteriolas controlam a resisténcia
ao fluxo sanguineo, contribuindo no controle da
pressdo arterial e regulando a perfuséo tecidual®.
A parede arteriolar possui componentes celulares
e extracelulares, sendo a maior parte composta por
células musculares lisas, que controlam o didmetro
do vaso, respondendo através da vasoconstric¢do ou
vasodilatag¢do aos diversos estimulos fisiologicos®**.
A arteriolosclerose ¢ o espessamento da parede
arteriolar, o qual pode estar presente em diferentes
tecidos e orgdos, sendo citado em diversas doengas.
O espessamento das arteriolas ja foi descrito entre os
achados histologicos da hepatopatia esquistossomotica?.
A HAS, um dos fatores de risco implicados na AT,
também esta relacionado a arteriolosclerose®?.
Existem dois tipos de espessamento arteriolar: a
arteriolosclerose hialina e a arteriolosclerose hiperplasica’.
Aarteriolosclerose hialina ¢ frequentemente associada a
HAS (nivel 2b)*2. O rim e 0 encéfalo sdo dois 6rgéos
que poder ser comprometidos pela arteriolosclerose®®?.
No rim do hipertenso, a arteriolosclerose hialina da
arteriola aferente glomerular determina isquemia cronica
e consequente glomeruloesclerose, responsavel pela
evolugdo para quadros de insuficiéncia renal cronica®.
No cérebro, a arteriolosclerose hialina e a formagao dos
microaneurismas de Charcot-Bouchard sdo responsaveis
pelos quadros de hemorragia intraparenquimatosa,
importante complicagdo dos pacientes hipertensos.
A arteriolosclerose hiperplasica, representada pelo
espessamento laminar e concéntrico com redugdo
importante do lumen arteriolar, consiste em células
musculares lisas com membranas basais espessadas
e reduplicadas, associada a quadros de HAS grave®.
Mecanismos que regulam as atividades das
arteriolas, a nivel molecular, vém sendo estudados
em modelos animais experimentais®’. Um estudo
realizado a partir de dados de pacientes com doenga de
Alzheimer encontrou que a arteriolosclerose cerebral
esteve associada a alteragdes cognitivas em idosos
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(nivel 2b)*. Em membros inferiores de pacientes com
DAOP avangada, uma pesquisa mostrou espessamento
arteriolar em metade dos pacientes ndo diabéticos ¢
em 63% dos diabéticos, sem diferenga significativa
entre os grupos (nivel 3b)*.

ESCLEROSE CALCIFICANTE DA MEDIA DE
MONCKEBERG

A ECMM também ¢é conhecida por outras
denominagdes, como calcificagdo da camada média
arterial ou medial arterial calcification (MAC),
arteriosclerose de Monckeberg ou Monckeberg
medial calcinose®* (Figura 3). Foi primeiramente
descrita em 1903, como uma calcificac¢do localizada
na tinica média arterial, ndo envolvendo a intima®*34,
Considerando a descri¢ao original, existe controvérsia
na literatura se a ECMM inclui ou néo as calcifica¢des
localizadas na lamina eléstica interna’*2. Um estudo
observacional sugere que, na ECMM, a calcificacdo
pode estar presente tanto na camada média arterial
como na lamina elastica interna (nivel 4)**. Para tornar
mais claras as caracteristicas de cada lesdo, alguns
autores propdem uma mudanca na classificagao e na
nomenclatura das lesdes da parede arterial’.

Diferentes mecanismos podem estar implicados na
ECMM, como a ativa¢do e migracao de miofibroblastos

Arteriosclerose, aterosclerose e calcificagdo

a partir da tinica adventicia e a diferenciagdo de células
musculares lisas®. Entre as distintas condi¢des clinicas
associadas a ECMM estao DM, doenga renal cronica
(DRC) e idade avangada®**3>%¢. De maneira geral, a
ECMM ¢ rara antes dos 50 anos de idade, mas pode ser
mais precoce na DRC, ocorrendo mesmo na auséncia
de lesdes ateroscleroticas’2. A ECMM é considerada
um dos tipos de calcificacdo vascular (CV) e vem
sendo associada a aumento da morbimortalidade
cardiovascular®. Um estudo de coorte, que incluiu
adultos sem historico de DCV, sugeriu uma possivel
associacdo entre o indice tornozelo-braquial (ITB)
elevado (> 1,4) e um risco aumentado de mortalidade
cardiovascular (nivel 2b)¥.

O ITB ¢ um método diagnostico ndo invasivo
que, quando aberrante, sugere a presenga de ECMM,
podendo estar falsamente elevado em pacientes
diabéticos com isquemia de membros inferiores®>-3¢-3%,
A calcificacdo da camada média nas artérias distais
(Figura 4) pode dificultar a compressdo pelo
esfigmomanometro, resultando em um valor do ITB
falsamente elevado. Estudo observacional encontrou
que 11% dos pacientes diabéticos com diagndstico
de isquemia critica apresentavam um I'TB falsamente
elevado (nivel 3b)*.

Classicamente, a ECMM néo representa uma lesdo
obstrutiva, ndo comprometendo o limen arterial, mas

Figura 3. Corte histologico de segmento arterial periférico do membro inferior com imagem de calcificago localizada na camada
média arterial ou esclerose calcificante da média de Monckeberg (setas).

Figura 4. A e B) Arteriografia digital com contraste evidenciando imagens de obstrugdes arteriais compativeis com aterosclerose
(setas). C e D) Radioscopia e radiografia sem contraste com imagens compativeis com esclerose calcificante da média de

Monckeberg (setas).
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pode coexistir com placas ateroscleroticas’*. Mesmo
que, diferentemente da lesdo aterosclerotica avancada,
a ECMM nio tenha uma caracteristica obstrutiva,
ambos os tipos de CV podem levar a dificuldades
intraoperatorias nas cirurgias arteriais®.

CALCIFICAGAO VASCULAR

O termo CV ¢ utilizado na literatura para denominar
um conjunto de afecc¢des caracterizadas pela calcificacao
ectopica em territorio vascular®. A ECMM, a calcificagio
na lesdo ou placa aterosclerotica, a calcificacdo de
valvulas cardiacas ¢ a calcifilaxia sdo as quatro distintas
moléstias incluidas nas calcifica¢des vasculares®2.
Entre as doencas discutidas aqui, a calcifica¢do pode
estar presente nas lesdes aterosclerdticas avangadas e
na ECMM, podendo ser dificil distinguir o sitio exato
da calcificagdo no exame tomografico, se a intima ou
a camada média arterial’3>%,

A tomografia computadorizada ¢ um método de
imagem que vem sendo empregado na formulagdo
de escores de CV, em diferentes territorios arteriais,
coronarianos, cerebrais e periféricos****, Um estudo
prospectivo multicéntrico que avaliou a acuracia da
angiotomografia computadorizada multislice de 64 canais,
no diagndstico das estenoses coronarianas, encontrou
uma sensibilidade de 95% para estenoses > 50% e de
94% para as estenoses > 70% (nivel 1¢)*®.

Nas artérias intracranianas, um estudo de
coorte revelou uma associag@o entre os escores de
calcificagdo tomograficos, a ocorréncia de eventos
vasculares, coronarianos, cerebrais ou periféricos
e obitos em pacientes com antecedente de acidente
vascular cerebral isquémico (nivel 2b)*. Um estudo
de coorte multicéntrico revelou que individuos com
maior mensurac¢ao de calcio em artérias coronarias
apresentaram maior risco para eventos cardiovasculares
por doenca aterosclerdtica, nos diferentes territorios,
independente de idade, sexo e etnia (nivel 2b)*.

Nas artérias periféricas, também vém sendo propostos
escores de CV para pacientes com DVP dos membros
inferiores***°, Um estudo observacional retrospectivo,
que incluiu doentes com DVP sintomatica, mostrou que
diabéticos e portadores de DRC apresentaram maiores
escores de calcificagdo e que o escore tomografico de
calcificagdo das artérias periféricas esteve associado a
uma maior morbimortalidade cardiovascular (nivel 2¢)*.

AECMM e alesdo aterosclerotica calcificada possuem
fatores de risco em comum, como idade avangada e
DM, podendo ocorrer isoladamente ou coexistir na
parede arterial®’. Ambos os tipos de CV podem dificultar
0 acesso, a cateterizacdo, a angioplastia, as técnicas
de reentrada, o clampeamento e a anastomose, tanto
nas cirurgias convencionais como nos procedimentos
endovasculares. Nas artérias infrainguinais, a CV

Arteriosclerose, aterosclerose e calcificagdo

representa um desafio as tentativas de recanalizagao,
havendo o risco de perfuracdo, disseccdo e embolizagao
distal®. A literatura tem estudado as diferentes formas
de CV e buscado alternativas de tratamento, quer
seja prevenindo a calcificag@o, quer seja propondo
novos dispositivos que permitam abordar as artérias
calcificadas com melhores resultados®345-4,

CONCLUSOES

Na pratica médica, sao utilizados termos semelhantes
para descrever lesdes arteriais distintas, o que pode
dificultar sua compreensao. Esta revisdo propos discutir
os conceitos implicados nesses diferentes termos.

Enquanto o termo arteriosclerose abarca todas as
lesdes que levam ao enrijecimento arterial, a aterosclerose
compreende a presenga de placas ateromatosas, com
actimulo de lipideos na camada intima arterial. A palavra
arteriolosclerose implica no espessamento, celular ou
hialino, de estruturas do leito microvascular, as arteriolas.
Ja a ECMM designa a presenca de calcificacdo na
lamina elastica interna ou na tiinica média de artérias
musculares. As lesdes aterosclerdticas ¢ a ECMM
estdo incluidas nas chamadas calcificagdes vasculares,
que vém sendo estudadas como fatores de risco para
eventos cardiovasculares.
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