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    Abstract  

  The fi rst description of IMH was given by Krukenberg in 1920 being 
defi ned at that time as aortic dissection without an intimal fl ap or tear that 
would lead to direct fl ow communication between the true and the false 
lumen. IMH was determined as to arise from hemorrhage of the vasa vaso-
rum located within the medial layer of the aorta. The reason for the hemor-
rhage was thought to be the consequence of spontaneous rupture of the 
vasa vasorum. However, later on it was noted that hematoma formation 
within the aortic wall could also be the consequence of PAU. 

 Symptoms of IMH are very similar to those of acute aortic dissection 
and they may well be indistinguishable. Patients present with a history of 
chest and/or back pain and with a history of hypertension. Chest pain is 
associated with type A IMH and back pain is associated with type B IMH. 
Interestingly, patients with IMH report more intensive pain than patients 
with aortic dissection. In addition, patients with IMH are less likely to suf-
fer from malperfusion syndrome. Finally, patients with IMH are in general 
one decade older than patients with classical acute aortic dissection. 

 The natural progression of IMH is unpredictable. While some cases of 
IMH progress to dissection, aneurysm or rupture, others remain stable, 
regress or completely resolve. Recent literature has identifi ed several 
potential risk factors for progression including the presence of PAU, older 
age, an aortic diameter larger than 5 cm and wall thickness of the hema-
toma greater than 1 cm. 
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        Introduction 

 Intramural hematoma (IMH), penetrating ath-
erosclerotic ulcer (PAU) and aortic dissection 
constitute the heterogenous group of acute aortic 
syndromes with the potential for transitions from 
one to the other [ 1 ]. Approximately 5–15 % of 
acute aortic syndromes are diagnosed as IMH 
[ 2 ]. In the biggest registry to date, the 
International Regsitry of Aortic Disscetion 
(IRAD), the incidence is quoted as 5.7 % [ 3 ] 
whereas the incidence in Asian countries is by 
far higher (Japan/Korea). 

 The fi rst description of IMH was given by 
Krukenberg in 1920 being defi ned at that time as 
aortic dissection without an intimal fl ap or tear 
that would lead to direct fl ow communication 
between the true and the false lumen [ 4 ]. IMH 
was determined as to arise from hemorrhage of 
the vasa vasorum located within the medial layer 
of the aorta [ 5 ]. The reason for the hemorrhage 
was thought to be the consequence of spontane-
ous rupture of the vasa vasorum. However, later 
on it was noted that hematoma formation within 
the aortic wall could also be the consequence of 
PAU [ 6 ]. 

 The Stanford classifi cation of acute aortic dis-
section is also applicable and useful to classify 
IMH, meaning that type A IMH involves the 
ascending aorta and type B IMH involves the 
descending aorta, Another classifi cation has been 
proposed by the European Society for Cardiology 
(ESC) in which IMH is classifi ed into two  distinct 

types. Type I IMH shows a smooth inner aortic 
lumen with the diameter usually less than 3.5 cm. 
Type II IMH has a rough inner surface due to 
severe aortic atherosclerosis with a dilated aortic 
diameter of more than 3.5 cm containing calcium 
deposits within the aortic wall [ 7 ]. 

 Symptoms of IMH are very similar to those of 
acute aortic dissection and they may well be 
indistinguishable. Patients present with a history 
of chest and/or back pain and with a history of 
hypertension. Chest pain is associated with type 
A IMH and back pain is associated with type B 
IMH. Interestingly, patients with IMH report 
more intensive pain than patients with aortic dis-
section [ 8 ]. In addition, patients with IMH are 
less likely to suffer from malperfusion syndrome 
[ 9 ]. Finally, patients with IMH are in general one 
decade older than patients with classical acute 
aortic dissection [ 3 ]. 

 The natural progression of IMH is 
 unpredictable. While some cases of IMH prog-
ress to dissection, aneurysm or rupture, others 
remain stable, regress or completely resolve. 
Recent literature has identifi ed several potential 
risk factors for progression including the pres-
ence of PAU, older age, an aortic diameter larger 
than 5 cm and wall thickness of the hematoma 
greater than 1 cm [ 8 ,  10 ]. 

 The main objective of treatment of IMH is the 
prevention of aortic rupture as well the to prevent 
the progression to classic aortic dissection. As 
type A IMH has a high and early risk of compli-
cation and death with medical treatment alone, 

 The main objective of treatment of IMH is the prevention of aortic rup-
ture as well to prevent the progression to classic aortic dissection. As type 
A IMH has a high and early risk of complication and death with medical 
treatment alone, surgery is usually indicated. Treatment of type B IMH 
is less straightforward as the prognosis is less uniform and predictable. 
A more conservative approach for uncomplicated type B IMH such as 
antihypertensive treatment and watchful monitoring is currently preferred 
as it appears to be a safer strategy. However, in some cases the disease 
might still progress despite optimal medical treatment.  
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surgery is usually indicated [ 5 ]. Treatment of 
type B IMH is less straightforward as the progno-
sis is less uniform and predictable [ 10 ,  11 ]. 
A more conservative approach for uncomplicated 
type B IMH such as antihypertensive treatment 
and watchful monitoring is currently preferred as 
it appears to be a safer strategy [ 12 ]. However, in 
some cases the disease might still progress 
despite optimal medical treatment [ 2 ]. 

 Thoracic endovascular aortic repair (TEVAR) 
seems to be an excellent strategy in the treatment 
of the disease in particular when intimal disrup-
tions are identifi ed as aortic wall thickening is 
effi ciently reduced by decompression [ 13 ]. 

 This chapter should guide the reader to:
•    Identify information regarding the natural his-

tory of acute type A IMH  
•   Identify imaging modalities to diagnose acute 

type A IMH  
•   Identify data regarding outcomes following 

medical treatment, surgical repair and TEVAR 
to treat acute type A IMH  

•   Identify information regarding recommenda-
tions of treatment of acute type A IMH     

    Natural History of Type A IMH 

 In contrast to type B IMH which has a natural 
history well comparable to the natural history of 
acute type B aortic dissection, there is broad con-
sensus that the natural history of type A IMH is 
well comparable to the natural history of acute 
type A aortic dissection and therefore requires 
immediate surgical treatment. The combination 
of IMH and an ulcer like projection (ULP) or 
PAU are in particular indicative for an acceler-
ated disease progression whereas the ones with-
out ULP or PAU do have the potential to 
spontaneously regress [ 14 ]. 

 There seems to be a difference in the natural 
course of the disease dependent on the geograph-
ical localization and ethnical origin whereas the 
natural course in Caucasians seems to be worse 
than in Asians [ 15 ] whereas it has to be stated 
that irrespective of geography and ethnics, the 
incidence of adverse clinical events in initially 
stable patients remains high.  

    Diagnosis of Type A IMH 

 Computed tomography represents the mainstay 
of diagnosis of acute type A IMH. To allow pul-
sation free visualization of the thoracic aorta up 
to the aortic root, a retrospective ECG-gating 
technique is recommended. Primarily, a crescen-
tic or circular high-attenuation area along the 
aortic wall, seen without contrast enhancement 
on CT is regarded as diagnostic of IMH. 

 Afterwards our routine protocol for these 
examinations is performed as follows- CT angio-
grams are performed in the arterial phase during 
the intravenous administration of nonionic iodin-
ated contrast material. A bolus triggering tech-
nique assesses the contrast medium transit time. 
A threshold of 150 HU (absolute) is used. In a 
biphasic fashion, 130 mL contrast agent is admin-
istered: the fi rst 30 mL are injected at a fl ow rate 
of 6 mL/s followed by the second 100 mL admin-
istered at 5 mL/s. A saline fl ush of 40 mL is given 
after the contrast medium injection to optimize 
contrast utilization. With a post-threshold delay 
of 8 s, ECG-gated CT angiography of the entire 
aorta is performed using the following imaging 
parameters: a slice collimation of 64 × 0.625 and 
a pitch of 0.29 is used. The matrix size was 
512 × 512. Images are reconstructed with a slice 
thickness of 1.4 and a slice increment of 1 mm as 
well as with a slice thickness of 3 and a slice 
increment of 2 mm without using the ECG- 
triggering (“untagged images”). Additionally, 
image redistribution according to the heart action 
is performed after scanning (retrospective ECG- 
triggering). Usually, images are triggered in a 
mid phase at 55 % of a R-R interval. If pulsation 
artefacts occur, other phases of the heart cycle are 
reconstructed. For every phase, two series are 
reconstructed (1.4/1 mm as well as 3/2 mm) [ 6 ]. 

 By this approach a substantial number of 
patients presenting with the combination of IMH 
and PAU or ULP can be identifi ed. 

 Transesophageal echocardiography (TEE) 
represents an excellent method to establish the 
diagnosis of IMH as well as to potentially detect 
small intimal tears especially in the descending 
thoracic aorta. However, it has to be taken into 
account that placing a TEE probe into the 
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 esophagus in an awake patient, might abruptly 
increase intrathoracic pressure and may thereby 
expose individuals to rupture [ 16 ].  

    Outcomes Following Medical 
Treatment, Surgical Repair 
and TEVAR to Treat IMH 

    Medical Treatment 

 A recent Asian study described a series of patients 
with type A IMH as compared to classical type A 
aortic dissection in their institution. They 
excluded all patients with a visible PAU in the 
proximal thoracic aorta. One-hundred and one 
patients were analyzed where the primary indica-
tion for surgery was pericardial tamponade which 
was the case in 16 patients. The remaining ones 
underwent a watchful waiting strategy with serial 
close imaging examinations by echo and/or CTA. 
Initial medical treatment was by intravenous 
injection of a beta adrenergic receptor blocker 
accompanied by a long-lasting calcium channel 
blocker [ 17 ]. 

 A substantial number of patients fi nally under-
went surgery mostly due to the progression of 
type A IMH into classical aortic dissection. The 
mean duration between onset of symptoms and 
surgery was 27 days, interestingly the mortality 
rate was very low, as could be linked to the fact 
that the majority of these operations was then 
performed on an elective basis. Overall, among 
85 stable type A IMH patients who received ini-
tial medical treatment, 31 (36.5 %) experienced 
adverse clinical events including development of 
classical type A aortic dissection (n = 25), delayed 
surgery (n = 25) or death (n = 6) within 6 months. 
In multivariate analysis, syncope during the ini-
tial event, hematoma thickness and aortic diame-
ter turned out to be independent predictors for the 
development of adverse clinical events after ini-
tial medical treatment. 

 The best cutoff values for hematoma thickness 
and aortic diameter where 16 and 55 mm respec-
tively. The event free survival rate was signifi -
cantly different on whether a patient had neither, 
either or both risk factors [ 17 ]. Another recent 

study from Japan had similar conclusions with 
regard to cutoff values with regard to aortic diam-
eter and increase in hematoma size [ 18 ].  

    Surgical Repair 

 The conceptual surgical approach in treating type 
A IMH is similar to the conceptual approach in 
treating type A aortic dissection consisting of 
ascending and hemiarch replacement as the low-
est common denominator. This approach might 
be altered by the presence of an intimal tear, ULP 
or PAU in downstream aortic segments where the 
addition of a stent-graft or the application of a 
combined prosthesis (E-vita open®, Jotec GmbH, 
Hechingen, Germany) might add in achieving 
remodeling of the entire thoracic aorta. Surgical 
results regarding mortality in most series are well 
comparable to the ones after surgery for acute 
type A aortic dissection and range between 7 and 
15 % in the current literature [ 19 ]. As in surgery 
for acute type A aortic dissection, current organ 
protection strategies are recommended such as 
selective antegrade cerebral perfusion during 
hypothermic circulatory arrest [ 20 ]. 

 A very important message is that the after 
surgical treatment of type A IMH, freedom from 
aortic-related reintervention and freedom from 
any kind of aortic-related adverse event is 
extremely low. Despite serial follow-up exami-
nations are recommended the probability for 
any kind of secondary intervention is low single 
digit [ 17 ].  

    TEVAR 

 There is clearly no place for TEVAR in the treat-
ment of type A IMH without any signs of an inti-
mal defect, ULP or PAU. However, if one of these 
distinct entities is detecting via advanced imaging 
modalities, closure of this defect might present an 
excellent strategy. Nevertheless, there is a big dif-
ference if this defect is located in the ascending 
aorta or in downstream aortic segments where ret-
rograde extension of IMH has been causative for 
the involvement of the ascending aorta as these 
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cases might present a highly attractive scenario 
for TEVAR [ 6 ]. 

 It is now known that- assumed an intimal 
defect of any kind can be detected- extension of 
IMH or also of classical aortic dissection has a 
retrograde component in the majority of cases 
[ 21 ]. Consequently, causative treatment of the 
underlying pathology is not necessarily des-
tined to the entire extension of the disease but 
may well be treated by addressing this very pri-
mary intimal lesion irrespective of its site. By 
TEVAR, the defect can be closed and remodel-
ing of the entire thoracic aorta can be achieved. 
It seems likely that the majority of such lesions 
can be located in the distal aortic arch at the 
concavity [ 6 ].   

    Recommendations of Treatment 
of Acute Type A IMH 

 Summarizing the mortality risk in patients with 
acute type A IMH is somewhat lower than in 
classical type A aortic dissection. In the very 
patients with additional ULP/PAU, tamponade or 
periaortic hematoma, emergency surgery is the 
treatment of choice. In addition, the high risk of 
clinical adverse events in stable patients with 
type A IMH without the previously mentioned 
signs favor early surgical repair. Finally, in a sub-
group of patients where the mechanism of type A 
IMH can be clearly traced to a intimal lesion in 
the distal aortic arch or the descending aorta, 
TEVAR as less invasive but at least equally effec-
tive strategy, might be chosen.     
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