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INTRODUCTION
Diseases of the thoracic aorta contribute significantly to the high overall
mortality from cardiovascular disease. Acute aortic syndrome (AAS), which
contrasts nicely with acute coronary syndrome, describes patients who
present with somewhat uniform sudden chest/back pain symptoms of
sharp/tearing character (‘‘aortic pain’’), which are caused by various acute
aortic diseases. The subsumption of such patients under the term ‘‘acute
aortic syndrome’’ allows for a more uniform, standardized approach to
diagnosis and management of acute aortic diseases. Besides typical aortic
dissection, the causes of acute aortic syndromes include aortic intra-mural
hematoma (IMH) and penetrating aortic ulcer (PAU) of the aorta. IMH is an
acute aortic disease, defined by the presence of hemorrhage within the aortic
wall, and no evidence of intimal tear. The PAU is a chronic aortic condition,
defined by an ulcer-like disruption of the intima maturing within the aortic
lumen. IMH usually presents with a smooth intima and some degree of
atherosclerosis, whereas PAU is associated with systemic atherosclerosis
and, often, a thickened intima with craters (Figure 1). Stanson et al accurately
described PAU as an ulceration of an atheromatous plaque that disrupts the
internal elastic lamina and allows hematoma formation within the media of the
aortic wall.1
PAU can be the cause of IMH, which may evolve as aortic dissection (AD).
IMH is distinguished from AD by the absence of an intimal flap. 2
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Figure 1. Variant forms of aortic dissection: typical dissection, penetrating
aortic ulcer, and intramural hematoma of the aorta.
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By imaging techniques, this typically is apparent as crescentic thickening of
the aortic wall without evidence of an entry point. The diagnosis of IMH has
become more frequent with current imaging techniques and less reliance on
aortography (Figure 2).

Figure 2. View of IMH in the descending aorta with typical aortic wall
thickening and linear intraluminal filling defect.
The Stanford classification defines IMH similarly to AD: IMH type A involves
the ascending aorta and arch, whereas IMH type B (IMHB) is localized only in
the descending thoracic aorta.3 The incidence of IMH and PAU is still unclear.
IMH has been reported in the literature with an incidence varying between 2%
and 45% (approximately 12% among all acute dissections) based on the
International Registry of Acute Aortic Dissection (IRAD).4,5
For type B IMH, most North American sites report a prevalence between 5
and 24 % of acute aortic syndromes

11, 12, 13-16

and limited prevalence data

from Asian centers suggest somewhat higher prevalence (28–45 %).18,19
Reasons for the geographic variation are uncertain but may be that
Japanese/Korean centers have a heightened awareness of the IMH
diagnosis, therefore detecting more subtle cases, or that different diagnostic
imaging criteria exist. Alternatively it is conceivable that unique genetic or
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environmental influences affect the expression of acute aortic syndrome in the
two regions.
There is little evidence about the incidence of PAU, although rates of 2.3% to
7.6% in symptomatic patients have been described.6 In patients admitted with
acute AD, an ulcer was identified in 7.6%, which could implicate that PAU
causes dissection more often than previously thought.6
The optimal initial treatment of both entities still remains a hot debatable
issue. In the era of endovascular surgery the stent-graft placement in the
descending aorta has an indication.
The aim of this review is to summarize the currently available literature with
respect to the natural history of IMH and PAU and the indications

to

endovascular treatment.
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SECTION 1ST
1. intramular haematoma , ulcer of descending
thoracic aorta
1.1 ETIOLOGY
The etiology of IMH and PAU remains a matter of debate. Both entities show
similar

mechanisms

of

inflammation

and

expression

of

matrix

metalloproteinases and medial proliferative changes with transformation of
smooth muscle cells from contractile to mutant phenotypes. Moreover, both
commonly show apoptosis and medial degeneration.7 A suggested concept of
IMH formation is that it arises from a ruptured vasa vasorum in the medial
layer of the aortic wall, triggering a secondary tear toward the aortic lumen. 2
Hypertension and aortic wall infarction are both associated with this
pathophysiology. Another hypothesis is that IMH originates from small entry
tears in the intima followed by thrombosis of these tears, making these tears
difficult to detect on imaging studies.2,8 Although there is no definitive verdict,
several potential risk factors have been identified for IMH, such as higher age,
large aortic diameter, and increased aortic wall thickness.4,5,9
PAU may develop from progressive erosion of atheromatous mural plaques,
penetrating the elastic lamina. Arterial hypertension, hyperlipoproteinemia,
and aortic sclerosis have shown to be predisposing features of PAU. Because
all of these factors are often more present in older patients, PAU is more
frequently seen in the eldery.10 Nevertheless, PAU may also occur in younger
patients as a result of intimal tears that remain stable without AD or IMH progression. IMH with pene trating ulcer are far more frequent in the descending
aorta11 (Figure 3).

Complicated PAU is defined by the development of

aneurysms, pseudoaneurysms, dissections, or aortic ruptures. Close
evaluation of PAU, by measuring both diameter and depth of the ulcer, is
mandatory to prevent aortic complications.11

Page | 8

Figure 3. Patient presenting with a penetrating aortic ulcer (PAU) and
atherosclerosis at the level of the IMH

1.2 DIAGNOSIS
Clinical
Based on clinical evaluation, IMH cannot be reliably distinguished from classic
AD.18 Tolenaar et al compared clinical presentation between IMHB and acute
type B AD (ABAD), showing that IMHB presented predominantly in men (62%
vs 33%; P < .001) at older age (69 ± 12 vs 63 ± 14; P < .001), more often with
chest pain (80% vs 69%; P = .020) and periaortic hematoma (22% vs 13%; P
= .020).5 In addition, IMHB patients presented less frequently with pulse
deficits and mesenteric/limb ischemia,5 similarly to previous observations.19
The prevalence of overall IMH among patients presenting with nontraumatic
acute aortic syndromes ranges widely from 6% to 50%. 9,12,19,21-24 Such
discrepancy may be explained by differences in imaging definition and patient
selection: potentially, referral centers might more frequently observe IMH
patients who already developed classic AD.
The clinical presentation of PAU is very diverse. Basically, PAUs are
asymptomatic aortic lesions, identified during imaging indicated for other
Page | 9

reasons.20 When comparing PAU alone with PAU plus IMH, the two groups
showed similarities in age, prevalence of comorbidities, frequency of
presentation with rupture, or extent of repair.25 PAU with IMH was associated
with a higher risk of treatment failure of thoracic endovascular aneurysm
repair (TEVAR), defined as need for open or endovascular re-intervention,
aortic rupture, or aortic-related death (P = .03). In this cohort, patients with
PAU associated with IMH had more emergent interventions with no difference
in all-cause survival at 24 months.25

Imaging
It once was thought that IMH was relatively rare compared to AD. However,
due to modern imaging, several studies observed an IMH prevalence of 10%
to 30% in patients suspected for AD.6,21,9,22,23 CT and MRI imaging techniques
have further supported the hypothesis that IMH, PAU, and AD may be
variants of the same process. AD presenting with a thrombosed false lumen
could resemble IMH on imaging because entry tears are no longer visible. In
order to differentiate between these conditions, cross-sectional imaging is
considered the gold standard. In IMHB, periaortic hematoma is more
frequently observed than in ABAD patients. The presence of pleural effusion
can make the distinction between intact and disrupted adventitia challenging.
However, the close relationship between the IMH and the adventitia may
trigger the development of periaortic hematoma and rupture. 5 Comprehensive
imaging analysis can expose specific anatomical clues, as well as intimal
lesions in the inner curvature of the aortic arch, which can often be found in
patients with IMH. These signs may be helpful in indicating and planning
TEVAR.26
For IMH, axial imaging reveals thickening of the aortic wall greater than 0.5
cm in an eccentric or concentric pattern, with a linear tangential intraluminal
filling defect as a distinguishing feature (Figure 2). On the contrary, acute AD
with a thrombosed false lumen shows curvilinear intramural clots often
missing a well-defined outer wall because of mediastinal hematoma and
pleural effusions.6 In general, IMH affects more frequently the descending
aorta, with rates of 50% to 85%.4,5 Evaluation of aortic diameter
measurements between IMHB and ABAD patients showed that the aortic root
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and sinotubular junction were significantly larger in ABAD patients (3.6 cm vs
3.4 cm; P = .047, and 3.4 cm vs 3 cm; P = .002, respectively), whereas the
maximum descending aortic diameter was equal (both 4 cm).5
For PAU, an imaging criteria is a localized collection of contrast extending
from the lumen (Figure 4).

Figure 4. PAU with typical localized collection of contrast
extending from the lumen
Some investigators have shown that PAU is mainly located in the descending
aorta (61.2%), followed by abdominal (29.7%) and arch (6.8%) (Figures 5
and 6) localizations.17,27.
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Figure 5. PAU in the arch
of the aorta on a
3D-reconstructed MRI scan.

Figure 6. Arch PAU not associated with IMH

PAU may present with multiple ulcers and several ranges of diameter and
depth; however, indication for treatment has been suggested when it extends
more than 20 mm in depth.3,28 In these patients, mural thrombus has an
irregular luminal surface that may locally narrow the lumen. Differently, IMH
thrombus has a smooth surface, represented by the aortic lamella, and may
extend longitudinally.

1.3 PROGNOSIS
IMH and PAU can progress fatally, especially when both diseases are present
(Figure 7,8). IMH concomitant with PAU is associated with an increased risk
of expansion and rupture.6,29
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Figure 7. Descending PAU associated with IMH.

Figure 8. Gross pathology specimen from a patient with a ruptured
penetrating atherosclerotic ulcer (small arrow) associated with IMH and blood
external to the aortic wall (large arrow)

For IMH alone, even though 34% of patients will show regression, 16% to
47% of patients will progress to the development of AD,2,19,29,30 and 20% to
45% will develop an aortic rupture.2 The best predictor of IMH regression
without complications is a normal aortic diameter in the acute phase. 24
Evangelista et al reported that among 68 IMH patients, 22% developed a
Page | 13

fusiform aneurysm, 8% a saccular aneurysm, and 24% a pseudoaneurysm
(over a mean time of 45 months).30 The IRAD ( International Registry of Acute
Aortic Dissection) database has recently showed similar IMH 1-year mortality
compared to classic AD (5.3% vs 8.7% and 10.3% vs 8.2% for type A and B,
respectively), with no significant difference in overall in-hospital mortality rates
due to diseased descending aorta (4.4% vs 11.1%; P = .062) and ascending
aorta (26.6% vs 26.5%; P = .998).4 Similar to type A AD, IMH involving the
ascending aorta is a lethal condition and is an indication for expeditious
surgery because of the risk of cardiac tamponade, rupture, or compression of
the coronary ostia.2,4,19 In patients with descending aortic dissection, it has
been reported that abdominal extension is significantly more common in
ABAD compared with IMH (64.9% vs 40.2%; P < .001). Occasionally, IMH
may cause obstruction of an aortic side branch, resulting in end-organ
ischemia and necessitating interventional therapy.5
The evidence concerning disease progression of asymptomatic PAU is
limited. Pseudoaneurysm formation may occur in 15% to 50%. The
association of PAU diameter and rupture risk remains unclear, although
patients with an ulcer diameter > 20 mm and/or an ulcer depth > 20 mm are
associated with high risk of disease progression and should be evaluated as
possible candidates for early endovascular or surgical repair. 6,27

1.4 MANAGEMENT

Medical
Primary management of patients presenting with uncomplicated IMHB
consists

of

medical

therapy

and

intensive

monitoring. 4,5,23

Medical

management includes urgent blood pressure normalization and left ventricular
ejection fraction reduction, as they are the main determinants of dissection
extension and rupture. Beta-blockers have been shown to decrease mortality
from 67% to 95%29 and should be given at highest-tolerated doses. Calciumchannel blockers are considered the alternative medication of choice. To
normalize the blood pressure caused by stimulation of adrenergic receptors,
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adequate analgesic therapy should be initiated, preferably with morphine
sulphate.6,18,23,27,29
In a study by Tolenaar et al, two patients with an IMHB and periaortic
hematoma died as a result of an aortic rupture despite adequate medical
treatment,5 stressing the importance of periaortic hematoma as a risk factor
for adverse events in emergent IMH cases. However, the differentiation
between periaortic hematoma and pleural effusion is essential because
pleural effusion is not a sign of impending aortic rupture but rather a reactive
fluid collection in the thoracic region.5 For IMHB patients, refractory chest
pain, evidence of increasing size of the hematoma, aortic rupture, and
progressive pleural effusion are indications for endovascular or surgical
treatment.29 Whenever IMH involves the ascending aorta, there is a
substantial increase in mortality rates, and emergent secondary interventions
are needed. IMH located in the aortic arch or descending aorta is less likely to
be associated with adverse outcomes, and conservative medical therapy
might be performed.19
The current literature provides no compelling guidelines for treating
asymptomatic PAU beyond the blood pressure control. However, symptomatic
PAU has a devastating natural course with progression and rupture; therefore,
urgent repair is recommended.6,27

Interventional Treatment
Endovascular repair is indicated in symptomatic/complicated IMHB patients
due to the risk of rupture

6,27,31

(Figure 9) and is associated with lower periop-

erative morbidity and mortality than open repair.26,32-34
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Figure 9. CT-scan after TEVAR in a patient with descending PAU associated
with IMH.

The focal character of the aortic lesion makes IMHB patients suitable
candidates for endovascular treatment.5,17 Although the literature provides no
convincing guidelines for IMH treatment, it seems reasonable that it is similar
to treatment of AD in corresponding segments of the aorta. 3,35 Currently,
TEVAR is indicated in patients with progression of IMH toward overt
dissection or rupture.26,35
Intimal defects without IMH are suitable to treat with TEVAR if they are
localized in the descending aorta. If the ascending aorta is involved, surgery is
indicated.36 In patients with intimal defects and IMH, evidence of adjacent
atheromatous wall should favor more extensive treatment of the aorta with
longer endografts because shallow ulcers are often underestimated on
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imaging. Treatment with longer endografts provides a safety margin against
undertreating the intimal defect.28 An important risk of TEVAR in extended
IMH is that the endograft may tear through the intimal surface into underlying
thrombosed false lumen. Thus, the endograft should be anchored in the
noninvolved wall above and below the intimal defect. 3 There are no data that
support prophylactic TEVAR for patients with uncomplicated IMH with no
intimal defect, although in some circumstances, such treatment has been
performed. Open surgery should be reserved for patients who cannot be
treated with stent graft placement, for instance, IMH cases with ascending/
arch involvement (Figure 10).

Figure 10. Acute type A IMH (white arrow) with extension to descending
aorta.
For PAU patients, TEVAR proved to be a safe option. 25 TEVAR is especially
indicated for symptomatic patients with PAU complicated by pseudoaneurysm
formation or rupture.26 PAU patients are often older and debilitated, and
therefore, an endovascular technique should be considered as the optimal
therapy. However, in patients with PAU complicated by IMH, discussion
remains whether to operate in the acute phase or to wait for IMH resolution,
as this could be an important issue in improving late efficacy of TEVAR. Patel
et al showed that TEVAR treatment with extension into the aortic arch was
associated with better long-term results (P = .011) and that TEVAR after PAU
showed beneficial results over open surgical repair.30 Endovascular repair
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was associated with shorter duration of hospital stay and similar late results in
the high-risk population of PAU patients compared to open surgical repair. 37
The 5-year freedom from cardiovascular events rate was 67.8%. Given the
potential need for reinterventions, TEVAR emerges as the first choice of treatment in patients presenting with PAU. However, due to the extensive
atherosclerotic lesions involving the arch, TEVAR resulted in a higher rate of
perioperative stroke (8.4% vs 16.2%).

1.5 FOLLOW-UP
A 5-year follow-up for both IMH type A and type B is advised. 14 IRAD
investigators believe life-long medical therapy for strict blood pressure
regulation is indicated for all patients.5 In addition, it has been reported that
aortic enlargement for IMHB during follow-up was significantly less common
compared to ABAD patients (39% vs 61%; P = .034).5
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SECTION 2ND
AIM
Intramural hematoma and penetrating ulcers are important variant forms of
classic aortic dissection. There is currently evolving evidence that both entities
may not be distinct diseases, but there may be considerable overlap in the
pathophysiology of both. Recent studies highlighted that an ulceration or
intimal disruption site is often detected in IMH patients, when modern highresolution imaging techniques with profound post-processing are used.
Future studies will hopefully help to gain a better understanding of these
important causes of acute aortic syndrome and to identify predictors of
disease progression. Strategies for therapeutic management are not fully
established.
The aim of this review is to summarize the currently available literature with
respect to the natural history of IMH and PAU and the indications

to

endovascular treatment.

MATERIALS AND METHODS
Search
A literature search was performed using PubMed, EMBASE and Google
Scholar up to December 2015 using the MESH headings Aortic intramural
hematoma ,

Penetrating aortic ulcer, Acute aortic syndrome,

Aortic

dissection, Diagnosis, Stent graft, TEVAR, Surgery, medical treatment. All
types of studies in English were searched for including randomized trials and
retrospective studies, (Table 1). Search was limited to articles on humans.
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Table 1. Series of type B Imh with diagnostic and management strategies and mortality

Year of
Investigators publication
Mohr- Kahaly 1994
et al.(8)

Location
Mainz,
Germany

IMH
AD pt pt
15

Type
B
%
IMH IMHa
12
23.6%

Diagnostic
test
TEE

Early
Surgical
surgery mortality
N=
N (%)
4

Medical
management
N=
8

Medical
mortality
N (%) at
time

Nienaber
et al.(9)

1995

Kiel and
hamburg,
Germany

170

25

11

12.8%

CT/MRI/
TEE

5

0(30 days) 6
1 (20%) 1
year

1 (17 %)
30 days

Harris et al.
(7,38)

1997

St Louis,
MO, USA

65

19

11

23%

TEE

7

1(14%)

0 (30
days)

Murray
et al. (39)

1997

Cleveland,
OH USA

NA

22

17

Vilacosta
et al. (11)

1997

Madrid
Spain

Song et al.
(12,40)

2002

Seoul,
South
Korea

124

4

Overall
mortality
(%)
at
time
25%

9%
days)

MRI

17 (1cross
5.8 %
5.8%
over to
(died at
surgery at 77 138 days
days for
after
dilation
typical
dissection

7 (1cross
over to
surgery at for
rupture and
died)

7

17%

TEE

83

28%

CT/MRI/
TEE

0

NA

83

Comments

Complicatins
3 dissection 2
rupture (42%
dissection or
rupture)

(30 Surgery for : 3
rupture (3, 27%),
Expansion (2),
persisternt pain
(2)

3/11 pts with
follow-up
imaging-show
resorption

14%

1 (1.2%)
(2 weeks)

0
(1 11 (16 %)
year) 13% develop typical
(3 years)
(localized) AD

69 with followup imaging at
6 months -78%
complete
resorption
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Ganaha et al. (6)

2002 Palo Alto,
CA, USA

Title et al.(10)

2002

New
Haven, CT
USA

Sueyoshi et al.
(41)

2002

Omura and
Nagasaki,
Japan

Von Kodolitsch
et al. (23)

2003

Hamburg,
Hannover,
Rostock,
Germany
and
Bologna,
Italy

Kaji et al (42)

2003

Kobe,
Japan

663

NA

66

54

0,09 CT/MRI/TE 11 (8
E/Ao
with
ulcer,
without)

19

8

5.3 %

NA

NA

35

NA

CT/MRI/TE 0
E

66

28

NA

TEE/MRI

53

NA

CT/MRI/TE
E/Ao

2 (18%)

2

6

37 3(8%) (9
days)

Intrvention more
likely in those
with pen ulcer-6
to endovascular
treatment with 1
death

6

3 (38 %) rupture

35 (3 cross
1 (2.9 %)
over for
rupture (1)
and
dissection(2))

4 aortic
dissection, 2
aortic rupture
(17% dissection
or rupture

1(17%)
(early) 2
(40%)
(late)

17

2 (12 %)
early 2 (13
%) late

0

52 (1 crossed
to surgery
day 6)

0
(hospital)

0
(1
year) 3%
2 years 3%
5 years

Medical
management
attempted first in
all, surgery if
needed

(continued)
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Table 1. (continued)
Timperley and
Banning
(43)

2003

United
Kingdom

Li et al. (44)

2010

Hangzhou
China

Tolenaar et al.
(5)

2013

Milan

14

790

TEE/MR

14 (2 cross
over to late
aneurysm
repair)

23 (4 cross
2 (9 %)
over to stent)

56

NA

CT/MR

107

12%

CT

5

0%

94

14 % ( 1
year)

6(6)

10 (71 %) 6
aneurysm
development, 2
dissections, 2
late death

Excluded those
with ulcer, 4
patients with
benign course

Stent planned if
PAU, aorta
diameter >45mm,
hematoma
>10mm or
symptoms 33
treated with
stent with 0%
mortality

7(7)

1dissection
1yr follow-up
3 refractory pain 4(9%) died
1 rupture
10(39%) aortic
(surgery)
enlargment

%IMH represents the percentance of IMH out of the local acute aortic syndromes

Page | 22

The

IRAD

(International

Registry

of

Acute

Aortic

Dissections

Experience (Figure 11)

In IRAD, IMH represents 12 % of total cases with descending AD, thus lower
than most single institution series5.

Additionally, there were differences

among the centers suggesting some variations in diagnosis between sites. It
is believed that the low incidence may be partially explained by the tertiary
nature of IRAD centers, with patients developing typical AD by the time of
arrival

19, 45

. Institutions publishing on IMH may have inherent interest in this

condition and therefore slightly higher incidence of IMH, than seen across
IRAD sites. The IRAD experience may better reflect real world recognition of
IMH. Thus IMH is not as widely appreciated and more subtle variants may go
undetected at some centers. Interestingly in IRAD, in contrast to AD in which
the majority of cases are type A (73 % type A, 27 % type B), the majority of
IMH are type B (42 % type A, 58 % type B)4,19. This supports the theory that
atherosclerotic plaques which are more prevalent in descending aorta, are an
important component in the pathogenesis of IMH.

Figure 11. IRAD research centers
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Diagnosis

It has long been recognized that aortography is notoriously inadequate in
detection of IMH and thus it is not unexpected that the diagnosis has been
more readily appreciated with the advent of noninvasive imaging. Most
commonly, the diagnosis of IMH is established by CT.46 By any of the tests
the diagnosis is established by the finding of crescentic thickening of the
aortic wall with an absence of an intimal flap or visualized entry point. Typical
wall thickness is approximately 3 mm, so thickening beyond 5 mm in the
context of symptoms consistent with an acute aortic syndrome raise concern
for IMH.46 Others have traditionally used criteria of 7 mm for the diagnosis of
IMH.8 The descending aorta IMH may be thicker than that observed in the
ascending aorta, typically >8 mm and often in the range of 15 mm, but wide
variability in wall thickness is reported.5, 47

Transesophageal Echocardiography (TEE)

By TEE, the diagnosis is characterized by crescentic thickening of the wall
often with echolucent regions within the wall.5,8,11,48 Echo free spaces are
seen in the majority of patients with IMH5,8,40 and correspond to areas by CT
of focal contrast enhancement by CT (Figure 12).40 Most typically, one wall is
thicker leading to an eccentric aortic lumen.5 In the descending aorta, there
generally is concomitant atherosclerotic plaque.5,8
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Figure 12. Patient with severe back pain with TEE (upper left) showing
eccentric thickening of descending aortic wall (arrow) consistent with type B
intramural hematoma confirmed by CT (lower left). Aortography (lower right)
shows evidence of penetrating aortic ulcer but no evidence of hematoma or
dissection. At surgery, there was evidence of a penetrating aortic ulcer and
hematoma within the wall (upper right)

Computed Tomography (CT)

By non contrast CT, the aortic wall will be thickened with a crescentic high
attenuation region which does not enhance with administration of contrast.
There is no evidence of an entry point

46

and intimal calcium may be

displaced.13 Contrast enhanced images show no evidence of perfusion of the
intramural hematoma.
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Magnetic Resonance Imaging (MRI)

By MRI, the aortic wall will show focal thickening as with CT. In acute IMH, the
signal will be isodense on T1 and high intensity on T2. Over time T1 signal
intensities will be enhanced due to methemoglobin formation (Figure 13).49
Subacute IMH will enhance on both T1 and T2 weighted images. 9, 39

Figure 13. MRI images showing acute type B aorta IMH. Image on left is T1
weighted and image on right is T2 weighted

Differentiation from Other Conditions

While the recognition of typical AD by imaging is relatively straight forward,
the diagnosis of IMH is more subtle (Figure 14). Other conditions that may
appear similar include atherosclerotic plaques as well as thrombus within the
lumen of a dilated aorta (Figure 15).

7

Visualization of thickening below the

intima is suggestive of IMH where an echodensity above the intimal calcium
would be suggestive of a thrombus within the lumen 7. The differentiation of
atherosclerotic plaques from IMH may be difficult. IMH7,8 can best be
distinguished on echo by the recognition of echolucent areas as well as by a
focal and crescentic area of thickening.7
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Figure 14. A and B, Sagittal and transverse view of computed tomography
angiogram showing an intramural hematoma of the descending aorta. C and
D, Sagittal and transverse view of computed tomography angiogram showing
a classic type B aortic dissection (ABAD).

igkening.4 ), and wall thickness ratio is 4.7.
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Figure 15. Transverse TEE image of an intraluminal thrombus within an
aneutysm in the descending thoracic aortas. The thrombus (arrowheads) lies
superior to the intimal calcium (arrows).

Clinical Presentation
Risk Factors
Patients with IMH share a similar risk profile to patients with typical AD though
they tend to be older.4,19 Most commonly men are affected and the majority
have hypertension.4,9,19,46

Presentation
The presentation of patients with IMH is similar to that of those with typical AD
with symptoms in the majority of cases will include chest pain, which is severe
and abrupt in onset.

4,46

Back pain may be more frequent in type B IMH than

those with a more proximal location.

23

Similarly, exam findings in type B IMH

resemble those with AD with the exception that IMH patients are less likely to
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present with pulse deficits and ischemia.4,5 In IRAD, the time to diagnosis
from presentation for type B IMH and the number of imaging tests was similar
to those with AD.4 Not surprisingly, IMH was diagnosed less frequently by
aortography.4

Outcomes/Natural History
In a large meta-analysis, there was no difference in outcome for type B IMH
whether patients were treated medically or surgically with mortality
approximately 14 %.46,50 The mortality for type B IMH is far less than that
reported for type A IMH.4,19,50 Kaji reported that mortality for IMH is generally
less than for classic AD, whether type A or B.42 Medical management is the
treatment of initial choice in nearly all reported series with reported short term
mortality ranging from 0 to 17 %.3,5,9,13,23,42–44 Surgical treatment, reserved
primarily for complicated type B cases (i.e., expansion, rupture, dissection) is
associated with mortality of 0–18 %

5, 9,23

. As seen in type A IMH,

51

the most

favorable results have been reported at centers in Japan and Korea

8, 42,51

with Kaji reporting one and five year survival as high as 100 and 97 %,
respectively.42 A summary of the available large studies evaluating Type B
IMH is shown in Table 1. This table highlights the heterogeneity in treatments
and outcomes with descending IMH.
In a series of 107 patients with type B IMH in IRAD, the in-hospital patient
mortality was 7 %, which was comparable to type B AD (11 %, p = 0.18).

4,5

One year mortality was similar for both groups (9 % vs. 7 %, p = 0.547). In
IRAD, the majority of patients are treated medically (n = 94) with smaller
numbers going for surgical or endovascular therapy.

4,5

Six out of the seven

IMH patients who died during hospitalization received medical treatment,
among these, two developed a spontaneous aortic rupture.5

Spontaneous Regression
With good medical therapy, regression of the aortic hematoma has been
reported (Figure 16).8,52 In a large series collected from five South Korean
referral centers, 78 % of patients showed resorption in those undergoing
follow-up imaging at 6 months.12 The remainder of the patients that didn’t
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undergo follow-up imaging were clinically stable. Song has reported that
resolution of IMH may occur in 70 % of patients and that resolution is more
likely in the absence of flow communication in the false lumen as is the case
with IMH.12 In a separate study, Song showed that in comparison to those
with typical AD, total aortic diameter remained stable at follow-up in IMH but
increased in AD.48 Kaji also demonstrated that a strategy of initial medical
management could be highly successful in the majority of patients.42 Of 53
patients, two patients crossed over to surgery at days 6 and 65. In this series,
36 of the 53 (67 %) showed regression of the IMH and there was total
resolution in 26. 42

Figure 16. Images on top left (sagittal) and lower left (axial) are CT images of
acute type B IMH. On right are images done at 6 month follow-up showing
complete resolution of IMH by corresponding planes by MRI
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Complications
While some series suggest a relatively stable course, several others have not
seen such benign results. Classic dissection may evolve in between 3 and 14
% of cases of type B IMH

3

though is reported to be higher in smaller series

as shown in Table 1, (Figure 17). Besides the development of dissection,
patients may develop progressive aneurysm expansion or rupture.7, 8, 10, 41 For
example, Timperley in a series of 14 patients, noted two groups of patients:
one group of four with a benign course and the remainder in which 79 %
developed complications and 57 % developing aneurysm or dissection.43
Descending IMH is also frequently associated with mediastinal and peri aortic
hematoma suggesting rupture4,7,24 and pleural effusion.

8,13

The predisposition

towards rupture may be related to the proximity of the hematoma to the
adventitia.7,8 Due to the risk of rupture, occurring in three of eight patients in
their series, Title et al. recommend surgery for all patients with IMH
independent of location.10 This strategy has not been widely adapted and as
Nienaber suggests, Type B IMH is a heterogeneous group of diseases with
varying potential for adverse outcomes.53 He suggests that similar to type B
dissection, there is need for separation of uncomplicated IMH from those with
a more “malignant” course based on predictors as outlined below.

53

There is

a need also for surveillance imaging to identify patients at risk for these
complications.
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Figure 17. Image on left shows T1 weighted MRI of acute type B IMH. Image
on right shows development of acute descending dissection in same patient at
2 months. The patient was noncompliant with recommended antihypertensive
therapy.

Predictors of Complications
While involvement of the ascending IMH is a risk for progression to overt
dissection

23, 24, 54

the course for isolated type B IMH is more variable. Thus a

strategy that allows identification of high risk patients would be useful (Table
2).
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Table 2. Predictors of progression in type B (and adverse outcome)
 Absence of beta blockade 23
 Younger age 23
 Marfan syndrome 23
 Older age 42
 New ulcer like projections 42
 Larger ulcers 6
 Aortic diameter (>40–50 mm) 24, 41
 Aortic wall thickness (mean thickness >10–16 mm) 41, 54
 Compression of true lumen 54
 Periaortic bleeding 54
 Pleural effusion 54
 Persistent pain 6

It should be emphasized that some risks for progression have been identified
in some series (i.e. wall thickness, aortic size) and not in others.6,24,54
Sueyoshi defined two groups of patients, one group of 15 in which the
majority having larger aortic size (>40 mm) and aortic thickness (>10 mm)
developed progression including rupture in two and dissection in four. A
second group of 20 patients with smaller aortas and hematoma showing
regression and complete disappearance of the IMH in 11.41 Ganaha showed
that those patients with associated ulcers were more likely to develop
progression of their IMH as well as require surgical or endovascular therapy
and death was more likely in those treated medically. 6 In that series, an ulcer
depth of 10 mm or width of 20 mm were more likely to develop complications
related to their ulcer.6 Kaji also reported the development of new ulcer like
projections (as well as age >70) as markers of progression in type B IMH.42
Some series consider that a co-existent aortic ulcer is representative of a
separate entity and describe their experience with IMH only without
associated ulcer .10, 54
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Nishigami found that about half of type B IMH regressed at 6 months with
factors predictive of regression including younger age and smaller aortic
diameter. In contrast to those patients in which the IMH disappeared, those
with persistence were at risk for dissection (3 of 16 with persistent IMH).15
Conversely von Kodolitsch found that those with older age at diagnosis were
less likely to progress as well as those use of beta-blockade.23
If an initial medical treatment strategy is chosen, there is a need for close
surveillance imaging. Good medical therapy is indicated with a preference for
beta blockade as initial agents is recommended.3 Serial medical imaging is
indicated for surveillance ideally performed pre discharge and at follow-up in
3, 6 and 12 months as recommended by recent aortic guidelines.3

Open Surgical Repair for IMH patients
Open surgical repair is reserved for patients with complicated type B IMH,
presenting with aortic rupture, aneurysmal enlargement and/or proximal arch
extension. The extent of the lesion determines the type of surgical procedure,
that in case of arch involvement may necessitate hypothermic circulatory
arrest. Open surgery has been reported as therapeutic management in about
10 % of the patients,19,55 with a wide range of in-hospital mortality (0–33 %).
The mortality rate in the acute phase was 16% and within 3 years that for
surgical treatment in type B IMH was 23.2%.61 In particular, surgical
intervention has not shown to be beneficial in younger patients, and therefore
endovascular therapy, which is associated with lower morbidity and mortality,
is currently the preferred invasive treatment.3,19, 28,55

Endovascular Therapy for IMH patients
Some

studies

have

reported

controversial

experiences

about

the

endovascular management of IMH B, in particular related to the indication for
treatment. Li used a strategy of planned endovascular stent grafting in a
series of 56 type B IMH.44 Endovascular stent grafting was successfully
planned in 33 based on presence of penetrating ulcer, aortic diameter >45,
wall thickness >10 mm or sustained symptoms. The remainder of patients
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received initial medical therapy. Four of these crossed over to stent grafting
for development of typical dissection and a fifth died after developing typical
dissection. While no patient undergoing stent grafting died or had progression
of IMH, there were six cases of progression (26 %) and two (9 %) deaths in
the initial medical treatment arm. However, Nienaber suggested that IMH
should not be considered a homogenous condition, as it has multiple
presentations.53 Therefore, similar to classic type B dissections, these patients
should only receive intervention if they are considered ‘complicated’. As
outlined above, some markers of heightened risk have been suggested by
others (Table 2). The mean mortality rate in patients treated with TEVAR in
the acute phase was 4.6% and within 3 years of follow-up was 7.1%.61
Currently, endovascular therapy with stent-graft placement is indicated in
patients with complications like aortic rupture, aortic diameter >5.0 cm and
pleural effusion.30 Also symptomatic patients, presenting with refractory pain
and/or

persistent

hypertension,

are

at

higher

risk

for

developing

complications, and require endovascular management.19,56 IMH B patients
may also evolve with progression of the disease, e.g., enlarging hematoma or
development of classic aortic dissection (Figure 17). Such radiologic features
have been also considered for treatment.17,26,57 In contrast to patients with a
classic type B dissection, IMH patients may present with more focal disease,
which represent a very suitable condition for endovascular repair.43 In these
cases, coverage of the entire diseased segment of the aorta may be
performed, which yields the best results.58,59 In addition, IMH B patients might
benefit from a minimal invasive intervention also because they tend to present
at older age and with more co-morbidities, when compared to those with
classic B dissection.
The goal of stent graft placement is to reduce pressure and or flow within the
false lumen, or hematoma, by covering all possible intimal disruptions (Figure
18). Although in the classic definition of IMH an intimal lesion is absent,
intensive pre-operative high-resolution imaging, using multi-detector CT
angiographic and three dimensional reconstructions, should be performed.
Special attention should be taken to identify penetrating aortic ulcers in IMH
patients, as presence of this specific sign is associated with a progressive
disease course and worse prognosis (Figure 17).6 Besides the intima,
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atherosclerotic plaques should be accurately studied for disruptions, being
potential origin sites of the hematoma.60 Exclusion of all possible intimal
lesions should be performed by covering a long part of the aorta, preferably
with a long stent graft.17,26 Suspected lesions may extend into the distal arch
and therefore sometimes it is necessary to perform a partial or total arch
debranching before TEVAR.
Although currently only symptomatic patients are treated with endovascular
approach, different clinical subsets of patients are being investigated that
might benefit from early intervention.

Figure 18. (a) (pre-operative) Computed Tomographic Angiography of a
patient with an IMH in the descending aorta; (b) (post-operative) Resorption of
IMH after endovascular stent graft placement
As shown in Table 2, predictors of disease progression including older age,
aortic diameter >45 mm, and hematoma thickness >10 mm may eventually
become indications for prophylactic endovascular treatment. Furthermore, the
presence of IMH in the concavity of the aortic arch is associated with a less
favorable outcome as these patients are more prone to develop a retrograde
extension of the disease into the arch or ascending aorta, while in those with
an IMH proximally located in the convexity of the aorta, retrograde
progression of the aortic hematoma is usually limited to the subclavian artery.
Patients with a clearly demonstrated atherosclerotic plaque rupture in the
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concavity of the aorta might be more prone to develop a dissection and
therefore may benefit from a prophylactic intervention.60

Complications in TEVAR
Complications in the use of TEVAR in IMH treatment were similar to those in
other aortic diseases; however, endoleaks in the acute phase might be more
frequent than in other TEVAR indications.
intimal

layer

reintervention.

at
62,63,65

the

ends

of

the

33,64

Endoleaks and lesions of the

device

frequently

necessitated

Some groups pointed out the presence of complications

secondary to lesions caused in the intimal layer when the ends of the stent
were placed in the aortic wall affected by the IMH66 (Figure 19).70 Most of
these cases initiated the formation of pseudoaneurysms, which required a
new TEVAR. 62,66-69
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Figure 19. An 87-year-old female with type B acute intramural hematoma of
the aorta (IMH). One month later from onset, TEVAR (GORE TAG: 37-mm
diameter & 20-cm length) was performed because of ULP enlargement. A, B.
One year after TEVAR, this patient complained of severe chest pain.
Unenhanced CT images show a mediastinal hematoma (arrow). C-E.
Contrast-enhanced CT and MIP images show that a SINE tear (small
pseudoaneurysm: arrows) due to the edge of the stent-graft was noted. ReTEVAR (GORE TAG: 37-mm diameter & 20-cm length × 2) was performed to
close a SINE tear. F. Three months after re-TEVAR, a SINE tear and
mediastinal hematoma disappeared.
SINE: Stent graft-induced new entry, ULP :Ulcer-like projection
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Penetrating aortic ulcer
Penetrating aortic ulcer is an entity defined as a focal lesion that ulcerates the
intima, disrupts the internal elastic lamina of the aortic wall and may be
surrounded by a localized haematoma.86 There are two main aetiologies:
PAUs and ULPs secondary to intimal rupture during IMH evolution. Clinical
overlap between PAU and ULP in past decades has provoked confusion
regarding frequency, prognosis and management of these entities (Figure
20).

Figure 20. (A) CT image of an intramural haematoma in the descending
thoracic aorta at the diagnosis of the acute aortic syndrome. (B) Development
of two ulcer-like projections in the same patient at sixth months CT control
(black arrows). (C) Penetrating atherosclerotic ulcer in the aortic arch.
Significant atherosclerosis and calcification of the borders of the lesion (black
arrows) with deformation of the external morphology of the vessel.

Although the true prevalence of PAU is not fully known owing to the clinical
overlapping with ULP, previous studies suggested an incidence rate of PAU in
Acute Aortic Syndromes (AAS) ranging 2–11%,87,88 and autopsy series found
nearly 5% of dissections originating from a PAU.89
Mortality in penetrating atherosclerotic ulcer. Little is known of the
mortality risk of PAU. Some authors considered it to pose a higher risk than
classic aortic dissection. However, others reported that disease progression is
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slow, with a low prevalence of acute rupture. These discrepancies can be
explained by differences in patient selection, particularly when cases have an
incidental diagnosis or are secondary to AAS.
Predictors of complications. Spontaneous rupture of the aorta in PAU is a
rare condition in the absence of AAS or severe progressive dilatation.
However, in symptomatic patients, the risk of complications may be high.
Significant predictors of aortic rupture have been considered to be recurrent
or refractory pain despite medical treatment,1,6,90,91 haemodynamic instability,
periaortic bleeding or significant/progressive pleural effusion,6,64 association
with IMH

6,20

and large ulcer size. In some cases, PAUs evolve with

surrounding IMHs and in others with saccular aneurysm formation.73 There is
no consensus on ulcer size cut-off values; however, growth rate and
maximum aortic diameter (MAD) at the site of the lesion have been
considered, as in other aortic entities. 3,64
Treatment of PAU. Considerable controversy exists regarding the natural
history of penetrating ulcers and, accordingly, the indications for open surgical
or endovascular treatment. A number of authors reported satisfactory results
with a conservative approach to PAU.

7,74

However, in most of those reports,

PAU were ULP in the context of IMH.

20,33

Nevertheless, most authors

suggested that surgical intervention with grafting of the affected area was the
treatment of choice owing to a possible malignant course.6 Most patients
presenting PAU may not be candidates for conventional surgery owing to their
general status or significant comorbidities.68 Conventional surgery for PAU
was associated with a mortality rate of 15.9%.

6,10,20,73-76,88

It is obvious that

patients undergoing surgery for PAU are the ones with a negative selection
bias as the natural course of their disease warrants treatment but
endovascular therapy is not feasible. As patients develop a PAU as a result of
a severe systemic obliterative process, they are usually affected by any of
several kinds of symptomatic obliterative arteriopathy limiting the success of
surgical therapy. It remains to the individual clinical situation as well as to the
estimation of the treating physician to determine a conservative option if the
operative risk is deemed unacceptably high.
As PAU is commonly observed as a segmental localized wall lesion, it is an
ideal target for endovascular stent grafting. Early mortality in TEVAR is
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estimated to be 7.2%.

33,77-85

The presence of associated IMH may increase

the risk of treatment failure, aortic rupture or aorta-related death,25 thereby
highlighting the need for careful planning, prudent balancing of the benefits of
a possible delayed treatment to avoid fragility of the affected aortic wall and
other complications such as leaks, strokes etc. Moreover, in one of the larger
33

series published, Geisbüsch et al.

reported a total of nine primary (19%: 4%

of type I endoleak, 13% of type II endoleak and 2% of type IV endoleak) and
two secondary (4%: 2% of type I endoleak and 2% of type IV endoleak)
endoleaks among 48 patients. Reintervention was necessary in 4 of these 11
endoleaks (36%). Owing to the occurrence of secondary endoleaks, close lifelong follow-up was recommended in these patients.64
In Table 3, the suggested indications for stent-graft repair are defined, based
on the medical literature reviewed.

Table 3: High-risk features of type B PAU based on the
medical literature reviewed and recommendations for
invasive treatment

High-risk feature
Symptomatic patient

Asymptomatic patient
Pleural effusion
IMH-associated
Initial PAU depth and
diametera

Indication
Symptoms despite medical
treatment1,6,90,91
Increase in pleural effusion 6,64
Presence of IMH 6,64
Large initial PAU depth (>10 mm) and
diameter (>20 mm) or high growth rate
size6

------------------------------------------------------------------------------------------------a
Controversial: not fully accepted, and cut-off value unclear.
IMH: intramural haematoma; PAU: penetrating atherosclerotic ulcer.
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DISCUSSION – PROPOSITIONS
Aortic intramural haematoma results of the literature review showed that type
B IMH presented a low mortality rate in the acute phase. However, persistent
pain despite medical treatment, haemodynamic instability, MAD >55 mm and
significant periaortic haemorrhage are predictors of acute-phase mortality. In
these cases, invasive treatment is indicated. The mortality rate in acute phase
in complicated cases treated with open surgery was 16% and with TEVAR
4.6%. However, these results may be biased owing to a tendency to report
positive results of a novel technique. The main limitation of TEVAR in the
acute phase is the high risk of secondary endoleaks and intimal ruptures or
pseudoaneurysm formation, when the ends of the device are placed in the
aortic wall affected by the IMH,62,63,65 secondary to mechanical stress and the
pulsatile force acting on the stent ends.

62,66

Sufficient landing zones, a

minimum of 15 mm from the affected zone,20 are necessary and, in some
cases, a considerable portion of the proximal and distal aorta needs to be
covered.92 Nevertheless, as aortic coverage length represents an independent
predictor for spinal cord ischaemia, the risk of occlusion of segmental arteries
is increased and should be prevented whenever possible. Usually, 10–20%
oversizing with respect to the aortic diameter is recommended in order to
promote aneurysm sac exclusion and avoid stent-graft migration. However, in
a fragile aortic wall, such as in an IMH, a compromise between stent-graft
fixation and the risk of iatrogenic dissection may indicate the use of inferior
oversizing (not more than 10%) and the choice of the most flexible device.
This concept is crucial when the haemorrhage is extended to the proximal
aortic neck. Furthermore, caution has been advised against aggressive
attempts to balloon-dilate landing zones to avoid stent-graft erosion into the
aortic wall. When treatment of IMH in an acute stage is clinically necessary,
e.g. when there is persistent pain with medical management, severe
expansion >5 mm or signs of impending rupture, anchorage of the endograft
in the noninvolved aortic wall is required. Thus, in these cases, open surgery
performed by expert groups may remain preferable.
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From the acute phase, the intramural haemorrhage evolves with fibrotic
changes and the aortic wall becomes more stable after 2 months. Over 40%
of cases can show complete regression in the first 6 months; however, a high
percentage of the remainder could evolve to classic or localized dissection
and aortic aneurysm. Although recommendations for surgical treatment or
TEVAR are well established and similar for cases of classic dissection or
aneurysm, many controversial points exist in the treatment of localized
dissection and ULP. While some series reported a high risk of complications
in cases of IMH with ULP, others demonstrated a more benign course.
Although invasive treatment was indicated due to the diagnosis of a new ULP
in the majority of cases described in the literature, 6 only a few series reported
sudden death or aortic rupture related to this complication.71 Initial depth of
ULP seems to be a prognostic factor in these cases.

6,72

Nevertheless, the

cut-off value to indicate invasive treatment remains unclear. Medical treatment
and close follow-up with imaging techniques every 3 months is the
recommended management in patients with IMH and ULP without persistent
pain or signs of aortic rupture in the first year. Thus, when ULP size remains
stable, follow-up can be made every 6 months and annually beyond the third
year. During follow-up, a ULP may remain stable, show regression or increase
in size. Invasive treatment of IMH is indicated if MAD >55 mm or mean growth
rate is ≥5 mm/year. Initial depth of ULP >10 mm requires a close followup,
and in spite of the lack of published series, values >15 mm could be an
indication of endovascular treatment. This latter indication necessitates the
measurements being repeated using the same imaging technique, at the
same aortic level, with side-by-side comparison. Treatment by TEVAR or
open surgery should be based on the anatomical features of the lesion,
patient comorbidities, anatomical constraints related to endograft technology
and experience and results of the centre in both therapeutic strategies. In any
event, closer follow-up with imaging techniques is necessary after TEVAR in
these patients (Figure 21).
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Figure 21: Acute and chronic management pathway for type B IMH. ULP:
ulcer-like projection; MAD: maximum aortic diameter; IMH: intramural
haematoma.

Penetrating aortic ulcer
The first step in choosing the correct management of an aortic ulcer is to
distinguish PAU from ULP. Usually, in the context of an AAS, ULP is not
detected in the first imaging study, since this lesion appears some days or
weeks after of acute IMH. In contrast, when a PAU is the cause of AAS, it
must be diagnosed in the first study. Some imaging findings could aid the
differential diagnosis, e.g. the presence of atherosclerotic plaque and some
morphological

characteristics

defined

by

multidetector

CT

or

transoesophageal echocardiography (TEE) .
Generally, a PAU presents many irregularities in the intimal layer, with
calcification of the ulcer edges, typical of atherosclerotic plaques, and could
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be accompanied by a haematoma localized around the lesion. On the other
hand, a ULP is detected during the course of an IMH, and frequently appears
as an image of intimal rupture with a small intimal flap. Unfortunately,
differentiation of the two entities is not always possible owing to the rapid
tempo of morphological evolution. Thus, depending on exactly when an
imaging ‘snapshot’ is taken after the onset of symptoms, a ULP may be
erroneously interpreted as a PAU.
Differentiation of both entities is crucial since a PAU surrounded by an IMH
has a higher risk of aortic rupture than an IMH complicated with a ULP or
localized dissection. A PAU with persistent pain, with an IMH or periaortic
haemorrhage must be treated surgically or with TEVAR. In these cases, the
lesion is frequently localized and permits endovascular treatment without the
risk of intimal ruptures at the ends of the device. The mortality rate in the
acute phase of open surgical treatment was 15.9 vs 7.2% of TEVAR.
Considering that many patients are inoperable or run a prohibitively high open
surgery risk, TEVAR may be an excellent therapeutic option.
In asymptomatic patients with a non-complicated PAU, general treatment
recommendations have yet to be defined owing to the lack of reliable data
concerning the natural course of the disease. Patients with PAU often have
extensive arteriosclerotic disease, possibly including peripheral occlusive
disease, which renders a suitable TEVAR access challenging. Therefore,
meticulous examination of the access vessels is mandatory to achieve safe
access. Although TEVAR has yielded favourable perioperative results, the
available mid-term outcomes underline the significance of comorbidities: the
5-year survival rate is around 65%.

33,83

Coronary artery disease, neurological

complications and the risk of endoleak should be considered. Severe
coronary disease is a common finding in patients with PAU, and cardiac
complications are frequently observed after TEVAR. Thus, meticulous
preoperative cardiological evaluation is warranted. Patients with thoracic
aortic disease who undergo surgical or endovascular intervention and present
symptoms or findings of myocardial ischaemia should be studied to determine
whether significant coronary artery disease is present. Multidetector computed
tomography coronarography or cardiac catheterization is advisable in
preoperative evaluation of these patients. In cases of unstable coronary
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syndromes, revascularization prior to or at the time of surgical or
endovascular aortic treatment is recommended.3 The reported risk of stroke
is similar for TEVAR and open surgery in the reviewed literature (4 vs 7%,
respectively).

64,20

The use of TEE for monitoring the procedure may minimize

the risk of embolic stroke caused by guide-wire manipulation in the presence
of highgrade atheroma of the aortic arch and prevent secondary endoleaks
due to laminated thrombi in stent-graft landing zones.
In asymptomatic patients, without signs of aortic rupture, aortic ulcer size and
MAD must be evaluated. When an aortic ulcer shows a mean growth rate ≥5
mm/year or MAD >55 mm, TEVAR should be considered; however, it is
imperative to assess the risk/benefits of TEVAR in relation to age and
possible comorbidities. In cases without surgical treatment criteria, follow-up
every 6months with imaging techniques for the first 3 years and every year
thereafter is recommended (Figure 22).
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Figure 22: Acute and chronic management pathway for type B PAU. IMH:
intramural haematoma; PAU: penetrating atherosclerotic ulcer.
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SUMMARY
English
Intramural hematoma (IMH) of the aorta and penetrating aortic ulcer (PAU)
are important variant forms of classic double-barrel aortic dissection in
patients presenting with acute aortic syndrome. Recent insights provided by
modern high-resolution imaging e.g computed tomography angiography
(CTA),

are

currently

challenging

previous

pathophysiologic

concepts

underlying IMH and PAU, suggesting a close relationship of both entities.
IMH represents a subtype of aortic dissection characterized by crescentic
thickening of the aortic wall and the absence of an intimal flap or visualized
entry point. PAUs

is defined as the ulceration of atherosclerotic plaque

through the internal elastic lamina into the aortic media. However, the
presentation, treatment indications, and natural history of this disease process
remain unclear.
Patients with IMH share the same risk profile as those with typical aortic
dissection though tend to be of older age. The symptoms are also similar to
acute aortic dissection, including acute chest and back pain. Mortality for IMH
in a large meta-analysis was 14 %, regardless of management.
The majority of patients are treated with an initial medical approach, which is
successful in the vast majority of patients. Certain patient groups may be at
increased risk for progression to typical aortic dissection or rupture. Risks for
progression of IMH include greater size of the aorta (i.e., 5 cm), presence of
penetrating ulcers, Marfan syndrome, absence of beta–blockade, pleural
effusions and persistent pain. Open surgical repair is utilized infrequently in
type B IMH and reserved for complicated cases.
Regarding patients with PAU, decision between the conservative, surgical or
endovascular mode of treatment is a common dilemma. The presence of comorbidities and the side of PAU are the most important determinants of
decision.
In the current era, endovascular stent grafting would be the treatment of
choice for symptomatic patients. Care should be taken to cover all potential
areas of intimal communication by the stent graft.
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Thoracic endovascular aortic repair (TEVAR) offers a less invasive approach
to the treatment of affected patients with very encouraging early to midterm
results.

Greek
Το διατοιχωματικό αιμάτωμα της αορτής (ΔΑΑ) και το διατιτραίνον

έλκος

αορτής (ΔΕΑ) αποτελούν παραλλαγές του κλασικού, δίκην διπλού βαρελιού,
αορτικού διαχωρισμού σε ασθενείς που παρουσιάζουν οξύ αορτικό
σύνδρομο. Πρόσφατα, πληροφορίες που παρέχονται από τις σύγχρονες
υψηλής ευκρίνειας π.χ. απεικονιστική υπολογιστική αγγειογραφία (CTA),
υποδηλώνουν τη στενή σχέση των δύο παθολογικών οντοτήτων.
Το ΔΑΑ αντιπροσωπεύει μια υποκατηγορία του αορτικού διαχωρισμού και
χαρακτηρίζεται από ημισεληνοειδή πάχυνση του αορτικού τοιχώματος και της
απουσίας ρήξης του ενδοθηλίου ή εμφανές σημείο εισόδου. Σαν ΔΕΑ ορίζεται
η επέκταση της εξέλκωσης της αθηρωματικής πλάκας μέχρι την εσωτερική
ελαστική στιβαδα του αορτικού μέσου χιτώνα. Η συμπτωματολογία, οι
ενδείξεις θεραπείας, και η φυσική πορεία της νόσου παραμένουν μη σαφώς
καθορισμένες.
Ασθενείς με ΔΑΑ παρουσιάζουν το ίδιο προφίλ παραγόντων κινδύνου όπως
τα άτομα με τυπικό αορτικό διαχωρισμό αν και τείνουν να είναι μεγαλύτερης
ηλικίας. Τα συμπτώματα είναι επίσης παρόμοια όπως σε οξύ αορτικό
διαχωρισμό, συμπεριλαμβανομένου του οξέος πόνου στο στήθος και στην
ράχη. Τα ποσοστά θνησιμότητας στο ΔΑΑ όπως προκύπτουν από μια μεγάλη
μετανάλυση ήταν 14%, ανεξάρτητα από το είδος θεραπείας.
Η πλειονότητα των ασθενών αντιμετωπίζονται συντηρητικά με πολύ καλά
αποτελέσματα στην συντριπτική τους πλειοψηφία. Ορισμένες ομάδες
ασθενών μπορεί να διατρέχουν αυξημένο κίνδυνο εξέλιξης της νόσου σε
τυπικό διαχωρισμό ή ρήξη. Κίνδυνοι για την εξέλιξη του ΔΑΑ περιλαμβάνουν
μεγαλύτερο μέγεθος αορτής (δηλαδή, 5 cm), η παρουσία του ΔΕΑ, σύνδρομο
Marfan,

απουσία θεραπείας με β-αποκλειστές, πλευριτική συλλογή και

επίμονος πόνος. Ανοικτή χειρουργική αποκατάσταση σπάνια εκτελείται στο
ΔΑΑ τύπου Β και προορίζεται για επιπεπλεγμένες περιπτώσεις.
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Όσον αφορά τους ασθενείς με ΔΕΑ, η επιλογή μεταξύ του συντηρητικού,
χειρουργικού ή ενδαγγειακού τρόπου αντιμετώπισης αποτελεί δίλημμα. Η
παρουσία

συννοσηροτήτων και η πλευρά εντόπισης του ΔΕΑ αποτελούν

τους πιο σημαντικούς παράγοντες που καθορίζουν την λήψη απόφασης.
Στη σημερινή εποχή, η ενδαγγειακή αποκατάσταση με νάρθηκα (stent)
αποτελεί θεραπεία εκλογής για συμπτωματικούς ασθενείς. Θα πρέπει να
ληφθεί μέριμνα ώστε ο νάρθηκας να καλύψει όλες τις πιθανές περιοχές της
επικοινωνίας του έσω χιτώνα.
Η ενδαγγειακή αποκατάσταση της κατιούσης θωρακικής αορτής (TEVAR)
προσφέρει μια λιγότερο επεμβατική προσέγγιση για τη θεραπεία των
προσβεβλημένων ασθενών με πολύ ενθαρρυντικά κοντοπρόθεσμα όσο και
μεσοπρόθεσμα αποτελέσματα.
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