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Intramural hematoma and penetrating atherosclerotic ulcers of
the aorta: uncertainties and controversies

Hematoma intramural e tlcera penetrante da aorta: incertezas e controvérsias

Adamastor Humberto Pereira’

Abstract

The natural histories of intramural hematoma (IMH) and penetrating atherosclerotic ulcer (PAU) are highly variable as
they may progress to aneurysm formation, rupture, or dissection, or even resolve, in the specific case of IMH. Imaging
plays an increasingly important role in clinical and surgical management of IMH and PAU. In contrast to ulcer-like
projections, images of intramural blood pools have not been widely reported in CT studies of patients with IMH.
Understanding the imaging characteristics and the natural course of each of these entities would help clinicians and
surgeons to identify patients at greatest risk for bad prognosis and may improve outcomes. This paper discusses the
pathophysiology of these entities, the controversies regarding their natural history, and the prognostic factors that
should be identified in CT scans.
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Resumo

A histéria natural do hematoma intramural (HI) e da Ulcera penetrante (UP) é muito variavel, ja que podem
progredir para a formagdo de aneurisma, ruptura, dissecgéo, e podem até mesmo regredir, no caso especifico do Hl.
Exames de imagem tém crescente papel no manejo clinico e operatério da UP e do HI. Ao contrario das projegdes
semelhantes a Ulcera, achados de lagos sanguineos ndo sdo relatados nos estudos tomograficos de pacientes com
HI. O entendimento das caracteristicas da imagem e do curso natural de cada uma dessas entidades ajudara clinicos
e cirurgides a identificar os pacientes com maior risco para um mau prognostico e pode melhorar os desfechos.
A fisiopatologia dessas entidades, as controvérsias no que se refere a suas histdrias naturais e os fatores prognosticos
das imagens tomograficas sdo discutidos neste artigo.
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INTRODUCTION

The majority of publications consider intramural
hematomas (IMH) and penetrating atherosclerotic
ulcers (PAU) of the aorta to be variants of classical
dissection, within the generic classification of acute
aortic syndrome. The Stanford classification is used
to guide management of all three clinical conditions.'
However, the pathophysiology and natural history
of IMH and PAU are the subject of a great deal of
debate and in many aspects are not related to classical
dissection.

An IMH is defined as a hematoma of the aorta wall
with no evidence of a media-intima entry rupture.
However, in many cases, small intimal tears can
be found during open procedures or using modern
high-resolution imaging methods. Rupture of the
vasa vasorum (VV) as cause of IMH is the subject of
debate, and there is considerable evidence that these
ruptures are a secondary phenomenon rather than the
original cause of the IMH.?

A PAU is defined as erosion of the intima and the
internal elastic membrane, with subsequent penetration
of blood into the tunica media via atherosclerotic
plaques. Clinical series in the literature cover small
numbers of patients with PAU and IMH, and the
natural history of these pathologies is the subject of
much debate.?

Both entities occur in older patients than classical
dissection, which has implications for initial clinical
and radiological presentation and for the natural
history of these aortic wall injuries.

CHANGES TO THE AORTA WALL IN THE
ELDERLY

To better understand the clinical and radiological
presentation of PAU, IMH, and classical dissection,
we must take into account the structural changes
to the aorta that occur with aging. Compared with
classical dissection, PAU and IMH occur in older
patients who, consequently, have different parietal
abnormalities. With aging, spaces appear between the
elastic lamellae, caused by loss of the fine elastic fibers
that join them, and fibrosis of the tunica media can
be observed. These changes result in thickening and
stiffening of the wall, which is exacerbated by arterial
hypertension and the appearance of calcifications.

Elastin is synthesized by smooth muscle cells
(SMC), which, in turn, are scarce in the major elastic
arteries and reduce in number with aging. In addition
to apoptosis of a considerable number of SMC,
they separate from each other and their phenotype
modifies to a state of senescence. The lost elasticity
of the aorta results in rigidity, dilatation, stretching,
and tortuosity.>”
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The correlation between tropoelastin synthesis by
SMC and mRNA levels also changes. Expression of
tropoelastin on the wall reduces with each decade
of life beyond 60 years, which is the equivalent of a
94% reduction in elastogenic regenerative potential,
when extrapolated to 40 years of age.®®

These aging-related histological changes are
observed with greater intensity in the external third
of the tunica and are considered a fundamental part of
the pathophysiologic mechanisms of aortic dissection
and of IMH.*'?

INTRAMURAL HEMATOMA AND THE ROLE
OF THE VASA VASORUM

The adventitial VV are present in the large elastic
vessels with more than 29 lamellae, and are thus
found in greater numbers in the ascending aorta, the
aortic arch, and the descending aorta, and in smaller
quantities in the abdominal aorta.

The relationship between rupture of VV and IMH
was first established in 1920 by Krukenberg!' and,
since then, has been accepted as a possible cause
of IMH. Intramural hematomas in the absence of
PAU tend to be larger, sometimes compromising the
ascending aorta, aortic arch, and descending aorta.
The majority of publications accept the cause and
effect relationship between rupture of VV and IMH, but
there is scant evidence to confirm this interpretation.
It seems difficult to explain that these small vessels,
with low intraluminal pressure, can dissect large
portions of the aorta and, in some cases, evolve to
rupture of the artery wall. This mechanism is also
unable to explain why the hematoma in IMH secondary
to PAU tends to be limited, despite the existence of
direct communication between the lumen and tunica
media. Furthermore, Park et al. detected a 73% rate
of intimal rupture among patients with type A IMH
(in the ascending aorta) treated with surgery in whom
a preoperative tomography did not detect any kind
of defect.!?

In other words, a significant proportion of the IMH
cases classified as type A using tomography were in
fact cases of dissection with a small entry orifice that
had sealed spontaneously. It is possible that these small
intima-media tears are even more common, because,
in cases of distal rupture with retrograde extension
of the hematoma to the aortic arch and ascending
aorta, these lesions are also erroneously classified
as Stanford type A. It is no surprise, therefore, that
intimal tears are not found during surgery in some
cases (Figure 1).

More recently, higher-resolution tomography has
increasingly demonstrated small intimal injuries
and secondary lesions similar to ulcers (ulcer like
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Figure 1. Angiotomography showing intramural hematoma (IMH) compromising the ascending aorta (A) in a 78-year-old patient
with acute chest pain. In (B) the site of distal dissection can be seen close to the origin of the celiac trunk. In (C) complete resorption
of the IMH by the ascending aorta has occurred within 30 days of placement of an endoprosthesis in the descending aorta, without
compression of the true lumen distally (D). This case demonstrates why some IMH classified as Stanford type A are actually IMH
originating in the descending aorta with retrograde progression of the hematoma.

projections) or intramural blood pools in serial
examinations for follow-up of IMH, which are very
often interpreted erroneously.

Chronic hypertension is a condition that is present
in the majority of patients and is associated with
occlusion of VV with neovascularization, increased
arterial stiffness, and accelerated atherosclerosis.
During a hypertensive crisis, medial ischemia
can be aggravated by vasoconstriction of the VV.
The most internal portions of the media continue
to be fed by diffusion from the arterial lumen. This
set of factors results in two regions in the tunica
media with distinct characteristics: a more internal,
and more elastic portion and a more rigid external
portion. The difference in elastic modulus between
these two regions sets up a difference in shear force
at the interface.'*!° In the case of classical dissection,
the tendency is for the true lumen to be compressed,
because its external portion is more rigid. This change
to the elastic modulus can also explain why the false
lumen (less elastic and thinner) expands over time.

These altered mechanical elastic characteristics have
been demonstrated experimentally in an animal model
by resection of the adventitia to exclude the VV and
ligature of the intercostal arteries (from which the VV
originate in the descending aorta), provoking ischemia

in the more external portions of the tunica media.?*!
After 2 weeks, it was observed that degradation of
the elastic fibers had occurred in the external portion
of the tunica media and spontaneous dissection took
place in some of the animals. This experiment was
replicated later with additional data collection after
4 and 8 weeks.?? This study demonstrated that, as
the weeks passed, ischemia of the artery wall caused
the extent of tunica media degeneration to increase,
involving more internal portions. Thus, when there was
advanced ischemia of the artery wall, the majority of
the tunica media developed fibrosis. One interpretation
of these findings is that progressive occlusion of the
VV with aging, aggravated by hypertension and by the
related atherosclerosis, can lead to diffuse degeneration
of the tunica media. In these cases, when the intima
ruptures, the cleavage plane is more external (adjacent
to the adventitia) and the mural hematoma tends not to
compress the true lumen. This could partially explain
why, in many IMH, although rupture of the intima and
large scale hematoma along the aorta can be seen, in
the majority of cases, significant compression of the
true lumen or occlusion of visceral branches are not
observed. These findings may also explain why the
mural hematoma that occurs in many cases of PAU is

Pereira. ] Vasc Bras. 2019;18:€20180119. https://doi.org/10.1590/1677-5449.180119 3/8



limited: the degenerated tunica media with extensive
fibrosis does not allow the hematoma to propagate.

Recently, Osada et al. studied histopathological
changes in patients with aortic dissection and confirmed
the presence of degeneration and occlusion of the VV,
associated with degradation of the elastic fibers and
accumulation of extracellular matrix in the external
third of the tunica media where dissection occurred.?

In contrast to a widely-held belief, compression
of the true lumen cannot be explained by pressure
differences alone, since experimental studies have
demonstrated that neither systolic pressure nor pulse
pressure are higher in the false lumen. It is clear that
other factors, such as the size of the intimal tear and
presence or absence of large reentry orifices with
considerable retrograde flow, play important roles
in compression of the true lumen.*%

In the specific case of IMH, it has been demonstrated
experimentally that peak stress on the tunica media
(peak wall stress) is much greater than is observed
in an artery without hematoma, which might explain
progression to rupture in the direction of the lumen
or frank dissection.?”

THE PATHOPHYSIOLOGIC SIGNIFICANCE
OF ULCER LIKE PROJECTIONS AND BLOOD
POOLS IN IMH

In the case of a dissection with a small intimal-medial
tear and no distal reentry to the true lumen, formation
of the IMH may later be followed by sealing of the
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entry orifice. The appearance on X-ray would thus
be an IMH with no detectable entry. In this case, the
tunica media is subjected to very high stress, which
has been demonstrated experimentally.?’” Since the
IMH develops in the more external portions of the
media, it can progress with rupture of the origin of
intercostal arteries, causing retrograde flow to the
wall thus creating blood pools that are detected at the
external surface of the hematoma. Blood pools can
also be created by small intimal ruptures, appearing
now in the internal surface of the hematoma. Other
possibilities are: complete resorption of the hematoma,
more significant ruptures in the direction of the lumen
(creating ulcer like projections) or even dissection,
formation of a pseudoaneurysm or frank rupture into
the thoracic cavity (Figure 2).

Serial analysis of IMH patients with images typical
of blood pools and ulcer like projections demonstrate
that these injuries have completely different natural
histories.”® Analysis of serial CT scans of patients
with IMH shows that the blood pools that are present
at onset or that appear over time are not associated
with complications in the majority of cases. Wu et al.
conducted a logistic regression analysis that identified
the following factors as related to complications: aortic
diameter exceeding 45 mm, location in the ascending
aorta, and ulcer like projections.?

Prognosis was worse in the specific case of ulcer
like projections (rupture into the intima) that were
present at onset or that appeared during follow-up.**!
Formation of pseudoaneurysm and progression to

Figure 2. In (A), an ulcer like projection is shown. In (B), blood pools are arrowed. In (C), another ulcer like projection is shown,
with adjacent pleural effusion. In (D), the relationship between a blood pool and an intercostal artery is shown.
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dissection or rupture occurred in 31% to 70% of
cases and were manifest with greatest frequency in
the ascending aorta.

There is a great deal of discussion in relation to
descriptions of the natural history of these lesions and
interpretations of CT images, since some publications,
such as a recent European guideline and a 2018
UpToDate publication, state that IMH can progress to
PAU or do not differentiate between PAU and ulcer like
projections.’>33 As we have seen, by definition, PAU
is characterized by erosion of the intima and media
from atheromatous plaques. In contrast, ulcer like
projections and some blood pools appear at onset or
during progression of IMH and are caused by rupture
into the lumen and, as such, develop in the opposite
direction to PAU. Additionally, each of these lesions
has its own specific clinical significance and course.

PENETRATING ATHEROSCLEROTIC ULCER

Penetrating atherosclerotic ulcer of the aorta was
first described by Shennan in 1934.34 As with IMH,
PAU of the aorta is considered a variant of classical
dissection, but with distinct clinical presentation
and course.

Ulcerations of the thoracic aorta are relatively
common in the elderly population, particularly after
the seventh decade of life, but their true prevalence
is yet to be determined (Figure 3). As with patients
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with IMH of the aorta, the majority of these patients
are hypertensive. Deep ulcerations of the aorta wall
can trigger symptoms similar to classical dissection
and can occur in conjunction with secondary IMH
(Figure 3). Ulcerations occur almost exclusively in
the descending thoracic aorta, are frequently multiple,
and can vary in size and depth; while abdominal
aorta involvement is less common. Progression to
rupture or frank dissection is associated with elevated
morbidity and mortality.

Natural history

The natural history of PAU of the aorta is not well
known, even though PAU is one of the spectra of
acute aortic syndrome.**

As is well explained by Ganaha et al.,” there is
confusion in the literature with relation to the behavior
of PAU. It exhibits more aggressive behavior in
symptomatic patients,®* in contrast with a more
benign course in oligosymptomatic and, particularly,
asymptomatic patients.***! Persistent or recurrent chest
pain despite aggressive antihypertensives treatment,
increased pleural effusion, and acute symptoms are
negative prognostic factors, associated with greater
risk of progression to aortic dissection or rupture.
As is the case with IMH, ulcers that occur in the
ascending aorta and the proximal portion of the
descending aorta are linked with a larger number of
complications. Possible explanations for this behavior

Figure 3. An 82-year-old patient with multiple penetrating ulcers of the aortic arch and descending aorta, associated with an
abdominal aortic aneurysm. Measurements of the depth or size of the necks of ulcers are not reliable signs for indication of

endovascular treatment.
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include greater hemodynamic aggression to the artery
wall at these points and predominance of elastin over
collagen in the tunica media of the proximal aorta.*?
Penetrating ulcers are responsible for around 2-7%
of cases of acute aortic syndrome, with progression
of'the disease in both symptomatic and asymptomatic
patients, justifying the need for control with serial
imaging exams.*#

Open or endovascular treatment is justified for
symptomatic patients. However, in patients with
asymptomatic PAU, it appears that conservative
treatment is more appropriate, because there are not
yet well-defined criteria that justify interventional
treatment, whether for the thoracic or for the abdominal
segments.** Among these patients, the extent of
penetration into the tunica media and the size of
the neck of the injury are of questionable value as
criteria for indicating surgery, as was demonstrated
in the largest clinical series in the literature.*
In asymptomatic patients, indications for open or
endovascular surgery are restricted to cases with
evidence of pseudoaneurysm formation.

Clinical status

The majority of ulcers that occur in elderly and
hypertensive patients do not penetrate deeply into the
tunica media and do not cause symptoms. Among
these patients, episodes of microembolization may
occur and trigger diagnosis. However, indication
of endoprosthesis deployment in these situations is
questionable, since ulcerations can occur in many
different segments of the descending and abdominal
aorta, which would require coverage of large extensions
of the thoracoabdominal aorta, with obvious risks.

Pathophysiology

In PAU, the atheromatous plaque extends deep
into the artery wall, breaching the internal elastic
membrane and penetrating the tunica media. When
this penetration occurs, the tunica media is exposed to
pulsating arterial flow, which can cause hemorrhage
and IMH. In a Mayo Clinic series, 80% of cases of PAU
were accompanied by IMH,* but more recent series
have reported much lower frequencies of associated
IMH. This raises the question of whether many of
these ulcerations might not actually have been ulcer
like projections that developed during the course
of an IMH and were incorrectly described as PAU.

Imaging methods

A diagnosis of PAU of the aorta is established by
anatomic criteria using CT, which shows a localized
area of atheromatous plaque with focal ulceration and
thickening of the aorta wall. The classic description on
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computed tomography is of a saccular, contrast-filled
image that penetrates the aorta wall, surrounded by
an IMH.

CONCLUSIONS

There are few publications in the literature that
deal with the pathophysiology of IMH and PAU,
which causes confusion in relation to clinical and
radiological interpretation of these injuries and of
many aspects of their natural history and their true
prevalence in the population. A number of different
experimental studies have helped improve interpretation
of clinical and radiological findings. The likelihood of
prospective studies being undertaken in the near future
is very small, and so the best course is to construct
well-maintained registers, such as the International
Registry of Aortic Dissection (IRAD), which has been
accumulating information on acute aortic syndrome for
two decades.”’ It should be recognized that there are
no well-established reporting standards for radiology
or long-term medical follow-up with regard to IMH or
PAU. These deficiencies should be corrected by our
specialty societies in the form of specific registers, to
promote better understanding of the changes affecting
the aorta wall that are responsible both for the genesis
and for the course of PAU and IMH. As Jean Martin
Charcot (1825-1893) stated in De [’éxpectation en
médecine*®: “Disease is very old and nothing about
it has changed. It is we who change, as we learn to
recognize what was formerly imperceptible”.
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Hematoma intramural e tlcera penetrante da aorta:
incertezas e controvérsias

Intramural hematoma and penetrating atherosclerotic ulcers of the aorta:
uncertainties and controversies

Adamastor Humberto Pereira’

Resumo

A histéria natural do hematoma intramural (HI) e da Ulcera penetrante (UP) é muito variavel, ja que podem
progredir para a formagdo de aneurisma, ruptura, dissecgéo, e podem até mesmo regredir, no caso especifico do Hl.
Exames de imagem tém crescente papel no manejo clinico e operatério da UP e do HI. Ao contrario das projegdes
semelhantes a Ulcera, achados de lagos sanguineos ndo sdo relatados nos estudos tomograficos de pacientes com
HI. O entendimento das caracteristicas da imagem e do curso natural de cada uma dessas entidades ajudara clinicos
e cirurgides a identificar os pacientes com maior risco para um mau prognostico e pode melhorar os desfechos.
A fisiopatologia dessas entidades, as controvérsias no que se refere a suas histdrias naturais e os fatores prognosticos
das imagens tomograficas sao discutidos neste artigo.

Palavras-chave: sindrome aértica aguda; hematoma intramural da aorta; hematoma adrtico; Ulcera penetrante da aorta.

Abstract

The natural histories of intramural hematoma (IMH) and penetrating atherosclerotic ulcer (PAU) are highly variable as
they may progress to aneurysm formation, rupture, or dissection, or even resolve, in the specific case of IMH. Imaging
plays an increasingly important role in clinical and surgical management of IMH and PAU. In contrast to ulcer-like
projections, images of intramural blood pools have not been widely reported in CT studies of patients with IMH.
Understanding the imaging characteristics and the natural course of each of these entities would help clinicians and
surgeons to identify patients at greatest risk for bad prognosis and may improve outcomes. This paper discusses the
pathophysiology of these entities, the controversies regarding their natural history, and the prognostic factors that
should be identified in CT scans.

Keywords: acute aortic syndrome; intramural aortic hematoma; aortic hematoma; penetrating ulcers of aorta.
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INTRODUCAO

O hematoma intramural (HI) e a Gllcera penetrante
(UP) da aorta sdo considerados, pela maioria das
publicagdes, como variantes da dissec¢do classica
dentro da denominagdo genérica de sindrome aortica
aguda. Nessas trés condicdes clinicas, a classifica¢ao
de Stanford ¢ utilizada para orientar o tratamento’.
Entretanto, a fisiopatologia e a historia natural do HI
e da UP sdo motivo de muitas davidas e ndo guardam
relagdo com a dissecgdo classica em muitos aspectos.

O HI ¢ definido como hematoma da parede
adrtica sem evidéncia de ruptura médio-intimal de
entrada. Por outro lado, em muitos casos, pequenas
rupturas da intima podem ser evidenciadas durante
procedimentos abertos ou pelos modernos métodos
de imagem de alta resolugdo. A ruptura dos vasa
vasorum (VV) como causa do HI é motivo de debate,
e varias evidéncias sugerem que essa ruptura constitui
fendmeno secundario e ndo a causa primordial do HI?.

A UP ¢ definida como a erosdo da intima e
da membrana elastica interna, com subsequente
penetragdo do sangue na tinica média a partir de
placas ateroscleroticas. As séries clinicas da literatura
incluem um ntimero restrito de pacientes com UP e HI,
e a histdria natural dessas patologias ¢ motivo de
muito debate?.

Ambas as entidades ocorrem em pacientes mais
idosos do que aqueles com dissec¢ao classica, o que
tem implicagdes na apresentagéo clinica e radiologica
inicial e na historia natural dessas lesdes da parede
adrtica.

ALTERAGOES DA PAREDE AORTICA EM
IDOSOS

Para um melhor entendimento da apresentagdo
clinica e radiologica da UP, do HI ¢ da dissecgdo
classica, precisamos levar em consideragdo as alteragdes
estruturais que ocorrem na aorta com o envelhecimento.
Em comparagao a dissecc¢do classica, a UP e o HI
ocorrem em pacientes mais idosos e, portanto, com
alteragdes parietais distintas. Com o envelhecimento,
aparecem espagos entre as lamelas elasticas, devido
a perda das finas fibras elasticas que as unem, e se
identifica fibrose da tunica média. Essas alteracdes
resultam em espessamento e aumento da rigidez da
parede, que se agravam com a hipertensao arterial e
o aparecimento de calcificagdes.

A elastina ¢ sintetizada pelas células musculares
lisas (CML), que por sua vez sdo escassas nas grandes
artérias elasticas e diminuem em ntimero com a idade.
Além da apoptose de um nimero consideravel das
CML, estas se afastam uma das outras e modificam
seu fendtipo para um estado de senescéncia. A perda

Hematoma intramural e Ulcera penetrante da aorta

da elasticidade da aorta resulta em rigidez, dilatacao,
alongamento e tortuosidade™>.

A correlacdo entre a sintese da tropoelastina pelas
CML e os niveis de mRNA também ¢ modificada.
A expressao da tropoelastina na parede diminui a cada
década de vida apos os 60 anos, o que representa uma
reducdo de 94% do potencial elastogénico regenerativo,
quando extrapolada para os 40 anos®®.

Essas alteracdes histologicas ligadas ao envelhecimento
sdo observadas com maior intensidade no tergo externo
da tanica e sdo consideradas como fundamentais no
mecanismo fisiopatologico da dissecgdo adrtica e
do HI>!0.

HEMATOMA INTRAMURAL E O PAPEL DOS
VASA VASORUM

Os VV adventiciais estao presentes nos grandes
vasos elasticos com mais de 29 lamelas, ¢ por essa
razao estdo em maior nimero na aorta ascendente,
no arco adrtico e na aorta descendente, e em pequeno
numero na aorta abdominal.

Arelagdo entre ruptura de VV e HI foi estabelecida
pela primeira vez em 1920 por Krukenberg'' e, desde
entdo, ¢ aceita como possivel causa do HI. O HI sem
UP tende a ser mais extenso, as vezes comprometendo
aorta ascendente, arco adrtico e aorta descendente.
A maioria das publica¢des aceita essa relagdo de
causa e efeito entre ruptura dos VV e HI, mas as
evidéncias nesse sentido sdo escassas. Parece dificil
explicar que esses pequenos vasos, com baixa pressao
intraluminal, possam dissecar grandes por¢oes da aorta
e, muitas vezes, levar a ruptura da parede arterial.
Esse mecanismo também ndo explica por que, no HI
secundario a UP, o hematoma tende a ser mais restrito
apesar de haver comunicagdo direta entre a luz e a
tunica média. Por outro lado, a frequéncia detectada
de ruptura da intima em pacientes com HI do tipo A
(aorta ascendente) submetidos a cirurgia e nos quais
a tomografia ndo demonstrava qualquer defeito no
pré-operatorio foi de 73% no estudo de Park et al."”.

Em outras palavras, grande parte dos HI classificados
como do tipo A pela tomografia eram na verdade casos
de dissec¢ao com pequeno orificio de entrada que
havia selado espontaneamente. Talvez essas pequenas
rupturas intimo-mediais sejam ainda mais frequentes,
porque, nos casos de ruptura distal com extensao
retrograda do hematoma para o arco adrtico e a aorta
ascendente, essas lesOes sdo também classificadas
erroneamente como do tipo A de Stanford. Nao ¢é
surpresa, portanto, que durante a cirurgia ndo sejam
identificadas rupturas intimais (Figura 1).

Os exames de tomografia de alta resolu¢ao mais
recentes t€ém demonstrado com crescente frequéncia
pequenas lesdes intimais e lesdes secundarias
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Figura 1. Angiotomografia mostrando hematoma intramural (HI) comprometendo a aorta ascendente (A) em paciente de 78 anos
com dor toracica aguda. Em (B) se identifica local de disseccao distal préxima a origem do tronco celiaco. Em (C) se observa a
reabsor¢ao completa do Hl na aorta ascendente ap6s 30 dias do implante de endoprétese na aorta descendente e sem compressao
da luz verdadeira distalmente (D). Esse caso demonstra por que alguns Hl classificados como tipo A de Stanford sdo na verdade
HI originados na aorta descendente com progressao retrégrada do hematoma.

semelhantes a lcera (ulcer like projections) ou lagos
sanguineos intramurais (intramural blood pools) nos
exames seriados de acompanhamento dos HI, que
muitas vezes sao interpretados de maneira equivocada.

A hipertensdo cronica ¢ condi¢do presente na
maioria dos pacientes e se associa a oclusdo dos
VV com neovascularizagdo, maior rigidez arterial
e aterosclerose acelerada. Na crise hipertensiva,
a isquemia da média pode se agravar devido a
vasoconstricdo dos VV. As porgdes mais internas
da média permanecem nutridas por difusao a partir
da luz arterial. Esse conjunto de fatores resulta em
duas regides com caracteristicas distintas na tinica
média: uma porgdo interna mais elastica e outra
externa mais rigida. Devido as diferengas no modulo
elastico das duas regides, uma diferenca na forga de
cisalhamento ocorre nessa interface'*!°. No caso da
dissec¢do classica, a tendéncia ¢ a compressdo da
luz verdadeira, pois a por¢do externa ¢ mais rigida.
Essa alteragao no modulo eldstico também poderia
explicar por que a falsa luz (menos elastica e mais
delgada) se expande ao longo do tempo.

Essas alteragdes das caracteristicas elastico-mecanicas
foram demonstradas experimentalmente em modelo
animal pela ressec¢do da adventicia para exclusdo
dos VV e ligadura de intercostais (de onde os VV se
originam na aorta descendente), provocando isquemia
das por¢des mais externas da tanica média®®2!.

Apds 2 semanas, se observou degradacao das fibras
elasticas das por¢des mais externas da tinica média
e, em alguns animais, observou-se uma dissec¢do
espontanea. Esse experimento foi replicado em nosso
meio com dados adicionais apos 4 e 8 semanas?. Nesse
estudo, ficou demonstrado que, ao longo das semanas,
a isquemia da parede arterial levou ao aumento da
extensdo da degeneragdo da tinica média, envolvendo
agora as por¢Oes mais internas. Portanto, quando ha
isquemia avangada da parede arterial, a maior parte da
tunica média evolui para fibrose. Uma interpretagao
desses achados ¢ de que a oclusdo progressiva dos
VV com a idade, agravada pela hipertensdo e pela
aterosclerose associadas, pode levar a degeneragdo
difusa da tinica média. Nesses casos, quando ocorre a
ruptura da intima, o plano de clivagem passa a ser mais
externo (junto a adventicia) e o hematoma da parede
tende a ndo comprimir a luz verdadeira. Isso poderia
explicar em parte por que, em muitos HI, apesar de
se identificar ruptura da intima e grande hematoma
ao longo da aorta, ndo se observa, na maioria dos
casos, compressao significativa da luz verdadeira ou
oclusdo de ramos viscerais. Esses achados também
poderiam explicar por que, em se tratando da UP, o
hematoma mural, que aparece em muitos casos, ¢
limitado: a tGnica média degenerada ¢ com fibrose
extensa ndo permite que o hematoma se propague.
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Recentemente, Osada et al. estudaram as alteracdes
histopatoldgicas em pacientes com dissec¢ao aortica
e confirmaram a presenga de degeneragdo e oclusdo
dos VV, associada com degradag@o das fibras elasticas
¢ acumulo de matriz extracelular no ter¢o externo
da tinica média onde se desenvolveu a dissec¢do?.

Ao contrario do que muitos pensam, a compressao
da luz verdadeira ndo pode ser explicada apenas por
diferengas pressoricas, pois estudos experimentais
demonstram que ndo se observa maior pressao
sistolica ou pressdo de pulso na falsa luz. E claro que
outros fatores, como o tamanho da ruptura da intima
e a presenca ou nao de amplos orificios de reentrada
com grande fluxo retrogrado, tém papel importante
na compressdo da luz verdadeira.

No caso especifico do HI, ja se demonstrou
experimentalmente que o pico de estresse na tiinica
média (peak wall stress) ¢ muito maior do que o
observado na artéria sem hematoma, o que pode
explicar a evolugdo para ruptura em dire¢ao a luz
ou dissecgdo franca?’.

SIGNIFICADO FISIOPATOLOGICO DAS
PROJEGOES SEMELHANTES A ULCERA E
LAGOS SANGUINEOS NO HlI

No caso de uma dissec¢do com pequena ruptura
intimo-medial e sem reentrada distal para a luz verdadeira,
o HI assim formado pode ser seguido do selamento do

Hematoma intramural e Ulcera penetrante da aorta

orificio de entrada. O aspecto radioldgico seria entdo
de HI sem entrada detectavel. Nesse caso, a tinica
média fica submetida a um estresse muito elevado,
conforme ja foi demonstrado experimentalmente?’.
Como o HI se estabelece nas por¢des mais externas
da média, pode evoluir para desinser¢do da origem
das intercostais ¢ fluxo retrégrado para a parede,
gerando os lagos sanguineos detectados na face
externa do hematoma. Os lagos sanguineos podem
ainda ser originados por pequenas rupturas intimais
que aparecem agora na face interna do hematoma.
As outras possibilidades sdo: reabsor¢do completa
do hematoma, ruptura em diregdo a luz (gerando
as projecdes semelhantes a ulcera) ou dissecc¢do
continuada, formagao de pseudoaneurisma ou ruptura
franca para a cavidade toracica (Figura 2).

A analise seriada de pacientes com HI com
imagens tipicas de lagos sanguineos e projegdes
semelhantes a ulcera demonstra que essas lesdes
tém historias naturais completamente diferentes®.
A analise das tomografias seriadas desses pacientes
com HI demonstra que os lagos sanguineos presentes
no inicio ou que apareciam ao longo do tempo nao
se associam a complica¢des na maioria dos casos.
A regressao logistica no estudo de Wu et al. apontou
que os seguintes fatores estiveram relacionados a
complicagdes: didmetro adrtico maior do que 45 mm,
localizacdo na aorta ascendente e aparecimento de
projecdes semelhantes a tilcera®®.

Figura 2. Em (A) se observa uma projecao semelhante a Ulcera. Em (B) se identificam lagos sanguineos. Em (C) se observa nova
projecéo semelhante a Ulcera com derrame pleural adjacente. Em (D) se observa a relagédo de um lago sanguineo com uma artéria

intercostal.
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No caso especifico das projegdes semelhantes a
ulcera (ruptura para a intima) que estavam presentes no
inicio do quadro ou que apareciam no seguimento, o
prognostico é pior*!. A formagao de pseudoaneurisma
e a evolugdo para dissec¢@o ou ruptura ocorrem em
31% a 70% dos casos e se manifestam com maior
frequéncia na aorta ascendente.

Existe muita discussdo em relagdo a descrigdo da
historia natural dessas lesdes e a interpretacdo das
imagens na tomografia, ja que algumas publicagoes,
como uma recente diretriz europeia e uma publicag@o
do UpToDate de 2018, referem que o HI pode evoluir
para UP ou ndo fazem diferenciagdo entre UP e
proje¢des semelhantes a tulcera®*. Por definigdo,
a UP, como ja vimos, caracteriza-se pela erosdo da
intima e da média a partir de uma placa de ateroma.
Por outro lado, as projegdes semelhantes a ulcera e os
lagos sanguineos aparecem no inicio ou na evolugao
do HI e sdo decorrentes da ruptura para a intima,
ocorrendo, portanto, no sentido oposto ao da UP.
Além disso, cada uma dessas lesoes tem significado
clinico e evolugdo particulares.

ULCERA PENETRANTE

A UP de aorta foi inicialmente descrita por
Shennan em 1934**. Assim como o HI, a UP da aorta
¢ considerada uma variante da dissecc¢do classica,
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mas também com apresentagdo e evolugao clinica
distintas.

As ulceragdes na aorta toracica sao relativamente
frequentes na populagao idosa, particularmente apos
a sétima década de vida, mas a real prevaléncia ainda
estd para ser determinada (Figura 3). Assim como
ocorre com os pacientes com HI da aorta, a maioria
dos pacientes sdo hipertensos. Ulceragdes profundas na
parede aodrtica podem desencadear sintomas semelhantes
aos da disseccdo classica e podem se associar a um
HI secundario (Figura 3). As ulceracdes associadas
ocorrem quase exclusivamente na aorta toracica
descendente, sdo frequentemente multiplas, e podem
variar em tamanho ¢ profundidade; o envolvimento
da aorta abdominal é menos comum. A evolugio
para ruptura ou disseccdo franca estd associada a
morbimortalidade elevada.

Historia natural

A histéria natural da UP de aorta ndo ¢ bem
conhecida, apesar de a UP representar um dos espectros
da sindrome aértica aguda®-®.

Como bem esclarece Ganaha et al.’’, existe certa
confusdo na literatura quanto ao comportamento da
UP. Observa-se um comportamento mais agressivo
nos pacientes sintomaticos*-3?, em contraste com um
curso mais benigno nos pacientes oligossintomaticos
e, principalmente, nos assintomaticos***!. A dor
toracica persistente ou recorrente, apesar do agressivo

Figura 3. Paciente de 82 anos com multiplas Ulceras penetrantes em arco aértico e aorta descendente, associadas a aneurisma
da aorta abdominal. As medidas da profundidade ou do tamanho do colo das Ulceras ndo séo sinais seguros para a indicagdo de

tratamento endovascular.
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tratamento anti-hipertensivo, o aumento do derrame
pleural e a presenca de sintomas agudos sao fatores
prognosticos negativos, com maior risco de progressao
para dissec¢@o ou ruptura adrtica. Assim como ocorre
no HI, as ulceras que ocorrem na aorta ascendente e
na por¢ao proximal da aorta descendente apresentam
um maior nimero de complicagdes. As possiveis
explicagdes para esse comportamento incluem uma
maior agressao hemodindmica na parede arterial
nesses pontos e a preponderancia da elastina sobre o
colageno na camada média da aorta proximal*>. AUP ¢
responsavel por cerca de 2-7% dos casos de sindrome
adrtica aguda, com progressdo da doenga tanto em
pacientes sintomaticos quanto em assintomaticos,
justificando a necessidade do controle seriado com
exames de imagem*#4,

Nos pacientes sintomaticos, o tratamento aberto
ou endovascular esta justificado. Entretanto, em
pacientes com UP assintomatica, aparentemente o
tratamento conservador parece ser mais apropriado,
pois ainda ndo existem critérios bem definidos que
justifiquem o tratamento intervencionista tanto no
segmento toracico quanto no abdominal***. Nesses
pacientes, a extensdo da penetragdo na tunica média
e o tamanho do colo da lesdo sdo critérios discutiveis
para a indicagdo cirtrgica, como ficou demonstrado
na maior série clinica da literatura®. A indicacdo
de cirurgia aberta ou endovascular em pacientes
assintomaticos fica restrita aos casos com formacgao
de evidente pseudoaneurisma.

Quadro clinico

A maioria das tilceras que ocorrem nos pacientes
idosos e hipertensos ndo penetra profundamente a
tunica média ¢ ndo causa sintomas. Nesses pacientes,
episddios de microembolizagdo podem ocorrer
e conduzir ao diagndstico. Todavia, a indicagdo
para o implante de endoprotese nessas situagdes ¢
discutivel, pois as ulceragdes podem ocorrer em varios
segmentos da aorta descendente e abdominal, o que
implicaria na cobertura de grandes extensdes da aorta
toracoabdominal, com riscos evidentes.

Fisiopatologia

Na UP, a placa ateromatosa se estende profundamente
na parede arterial, rompendo a membrana elastica
interna e penetrando a camada média. Quando ocorre
essa penetragdo, a camada média fica exposta ao
fluxo arterial pulsatil, o que pode causar hemorragia
¢ HI. Na série da Clinica Mayo, 80% dos casos de
UP se acompanhavam de HI*, mas séries mais
recentes relatam uma frequéncia muito menor de
HI associado. A pergunta que se impde € se muitas
dessas ulceragdes nao seriam na verdade projegdes
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semelhantes a tulcera que apareceram na evolugao
de um HI e foram erroneamente referidas como UP.

Métodos de imagem

O diagnostico da UP de aorta ¢ estabelecido por
critérios anatomicos no estudo tomografico, evidenciado
por uma area localizada de placa ateromatosa com
ulceragdo focal e espessamento da parede aortica.
A descrig@o classica na tomografia computadorizada
¢ de uma imagem sacular preenchida por contraste
que penetra a parede da aorta, circundada por um HI.

CONCLUSOES

As publicagdes que tratam da fisiopatologia do
HI e da UP sdo escassas na literatura, o que gera
confusdo na interpretacdo clinico-radioldgica dessas
lesoes, de muitos aspectos da sua historia natural e
da sua real prevaléncia na populacdo. Varios estudos
experimentais nos tém ajudado a interpretar melhor
os achados clinicos e radiologicos. A possibilidade
de que se realizem estudos prospectivos em futuro
proximo € remota e, portanto, o caminho a seguir
¢ a criag@o de registros bem conduzidos, como o
International Registry of Aortic Dissection (IRAD),
que hé duas décadas vem acumulando informagdes
sobre a sindrome adrtica aguda®’. E preciso reconhecer
que ndo ha padrdes bem estabelecidos na descrig@o
radioldgica (reporting standards) e no acompanhamento
a médio e longo prazo no que se refere ao Hl ¢ a UP.
Essas deficiéncias precisam ser corrigidas por nossas
sociedades de especialidade com registros especificos,
para um melhor entendimento das alteragdes parietais
da aorta responsaveis tanto pela génese como pelo
comportamento evolutivo da UP e do HI. Como dizia
Jean Martin Charcot (1825-1893) em De [ ‘éxpectation
en médecine®®: “A doenga ¢ muito antiga e nada nela
mudou. Somos nds que mudamos quando aprendemos
areconhecer o que antes ndo era percebido (Disease
is very old and nothing about it has changed. It is
we who change, as we learn to recognize what was

formerly imperceptible).
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