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Abstract

The major component of non-traumatic thoracic aortic emergencies is the acute aortic
syndromes. These include acute aortic dissection, intramural haematoma and penetrating
atherosclerotic ulcer, grouped together because they are indistinguishable clinically and
highly fatal. All three entities involve disruption to the tunica intima and media and may
be complicated by rupture, end-organ ischaemia or aneurysmal transformation. Early
diagnosis is vital to allow timely and appropriate management. Paired unenhanced and
electrocardiogram-gated computed tomography angiography of the chest, extending
more distally if required, is recommended for diagnosis. Specific computed tomography
features of all three entities are reviewed, with a focus on morphological features
associated with complications. Those with type A pathology are usually managed with
open surgery because this has a high risk of complication. Patients with uncomplicated
type B pathology are usually managed with best medical therapy whereas those with
complicated type B pathology are usually offered either surgery or thoracic endovascular
aortic repair. The limited evidence regarding the use of thoracic endovascular aortic
repair in patients with subacute uncomplicated type B pathology is briefly discussed.

Key words: Acute disease; Dissecting aneurysm; Aortic diseases; Aortic rupture;
Diagnostic imaging

Submitted: 17 June 2020; accepted following double-blind peer review: 18 June 2020

Introduction

Thoracic aortic emergencies include aortic transection, ruptured aortic aneurysm and acute
aortic dissection. Variants of aortic dissection have classically been grouped together as
acute aortic syndromes because they are clinically indistinguishable on presentation. These
include acute dissection, intramural haematoma and penetrating atherosclerotic ulcer
(Vilacosta and San Romadn, 2001). Pathologically, all three entities involve disruption to
the tunica intima and media, leading intramural blood to dissect through the layers of the
aorta, or pass transmurally during rupture. Indeed, all three conditions may co-exist when
imaged, rendering it impossible to know which came first.

This article primarily focuses on the imaging of non-traumatic acute aortic syndromes, but
briefly reviews the evidence for management of these conditions. Multidetector computed
tomography is most commonly used to make the diagnosis, with sensitivity approaching 100%,
so will be the focus of this article (Sebastia et al, 1999). While complementary, magnetic
resonance imaging, transoesophageal or transthoracic echocardiogram findings are not discussed.

The two traditional subdivisions of acute dissection are the Stanford and DeBakey
classifications. The Stanford classification divides aortic dissection into type A (involving the
ascending aorta with or without extension into the descending aorta) and type B (involving
the descending aorta distal to the origin of the left subclavian artery only). The DeBakey
classification divides aortic dissection into type 1 (both ascending and descending aortic
involvement), type 2 (ascending aorta only) and type 3 (descending aorta only). The same
anatomical classification applies to intramural haematomas and penetrating atherosclerotic
ulcers and, unless otherwise stated, the Stanford classification is used.

Risk factors and presentation

Data from the International Registry of Acute Aortic Dissection, a multinational database
incorporating over 7300 cases referred to tertiary centres, show that almost two thirds
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of those presenting with acute dissection were male, with a mean age 62+15 years (type
A) and 64+14years (type B). The most common risk factors were hypertension (77%),
atherosclerosis (27%) and known aortic aneurysm (16%) (Pape et al, 2015).

Severe pain of acute onset was the most common presenting complaint (293% of type A
or B acute dissection). Patients with type A acute dissection usually present with chest pain
(85% vs 65% in type B) and patients with type B acute dissection more often present with
back pain (70% vs 43% in type A acute dissection). Pulse deficits, defined by decreased
or absent carotid or peripheral pulses as noted by clinicians, occurred in 31% of patients
with type A vs 19% of those with type B acute dissection, and were associated with higher
rates of in-hospital complications (Pape et al, 2015).

Conditions associated with abnormal connective tissue (Marfan, Loeys—Dietz, Ehlers—
Danlos syndromes, familial thoracic aneurysm and dissection), inflammatory aortitis, Turner
syndrome or bicuspid aortic valves are all associated with early onset acute dissection.
Accordingly, in those presenting with acute dissection below the age of 40 years, the most
common risk factors were bicuspid valve and Marfan syndrome. Furthermore, the majority
of patients with Marfan and Loeys—Dietz syndrome carry a lifelong risk of aortic aneurysm
and subsequent dissection, with early elective aortic root replacement an established
preventative strategy against aortic catastrophe.

Patients with intramural haematoma comprise approximately 7% of patients presenting
with acute aortic syndrome. Patients tended to be older than those with acute dissection
(mean age 69+10years), with type B intramural haematoma more common than type A
(60% vs 40%) (Evangelista et al, 2005).

The overall incidence of penetrating atherosclerotic ulcers in patients presenting with
acute aortic syndrome is estimated to be between 2.3% and 7.6% (Coady et al, 1998). In
the largest series of penetrating atherosclerotic ulcers to date, patients tended to be male
(60%), even older (mean age 73+9years), with fewer penetrating atherosclerotic ulcers
affecting the aortic arch (7%), compared to the descending thoracic and abdominal aorta
(93%). Only a minority (18%) presented symptomatically and hypertension (78%) was
the most common risk factor (Nathan et al, 2012).

Image protocolling for thoracic aortic emergencies

Plain chest radiography is typically the initial imaging test performed in the evaluation
of acute chest pain. In patients with aortic dissection it may depict mediastinal
widening, pleural effusion, blurring of the aortic knuckle and displaced intimal
calcification. However, its poor sensitivity and specificity means it has a limited role
in definitive diagnosis.

The increasing availability of computed tomography, particularly out-of-hours,
means it is the primary modality used for investigation for acute aortic syndrome, with
better patient tolerance and shorter acquisition time compared to other modalities.
Unenhanced computed tomography of the thorax is vital to differentiate acute intramural
haematoma from pre-existing intraluminal thrombus or atheroma. This is followed by
computed tomography angiography of the chest, extending more distally if required.
The combination of these methods has a pooled sensitivity and specificity close to 100%
(Sebastia et al, 1999).

Motion-free (usually meaning electrocardiogram-gated) computed tomography enables
the best evaluation of the aortic root and ascending aorta, compared to non-gated studies,
where pulsation artefact may mimic a dissection (Roos et al, 2002). When computed
tomography technology allows, electrocardiogram-gated computed tomography should
be acquired prospectively in late diastole (or in systole if the heart rate is significantly
greater than 65 bpm). A prospective acquisition reduces the ionising radiation dose but is
susceptible to artefact when the rhythm is irregular (Ohnesorge et al, 2000). Retrospective
gating allows for image capture throughout the cardiac cycle, thus enabling image selection
at any point along the cardiac cycle (Roos et al, 2002). The coronary arteries are more
consistently visualised and information on cardiac function is provided, but this is at
the expense of a considerably higher radiation dose so is generally not used (Ohnesorge
et al, 2000).

© 2020 MA Healthcare Ltd
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Imaging of acute aortic dissection

Acute dissection is characterised by a tear in the tunica intima of the aorta, with resultant
separation of the aortic wall layers. Accumulation of blood in the tunica media results in
a true and a false lumen, separated by an intimal and partial medial dissection flap. The
purpose of computed tomography in the evaluation of acute dissection is to determine
the location of an intimal flap, to classify the anatomical type of dissection (A or B). In
addition, computed tomography can identify the entry or re-entry point of the dissection,
differentiate the true and false lumens, and evaluate for complications such as branch
vessel involvement, end-organ ischaemia, aortic rupture, or aortic root involvement (with
resultant aortic regurgitation).

The classical intimal flap on computed tomography angiography is a linear hypodense
structure flanked by contrast within the lumen, present in around 70% of cases of dissection
(Figure 1) (Sebastia et al, 1999). In the remaining cases where the false lumen is thrombosed,
the intimal flap is not obviously demonstrated. On unenhanced computed tomography, there
may be inward displacement of calcified atheroma on the intima into the lumen and high
attenuation of the false lumen, representing clotted haematoma in acute cases.

In acute dissection, the true lumen is characterised by:

m Continuity with the non-dissected aortic lumen

B Higher contrast attenuation compared to the false lumen

m Typically smaller than the false lumen

B The adjacent dissection flap predominantly forming an obtuse angle with the aortic wall.

With contrast the false lumen may be identified by the presence of the beak sign — the
acute angle formed by the edge of the outer aortic wall and the intimal flap (Figure 2)
(LePage et al, 2001). The cobweb sign is specific for the false lumen and is characterised
by fibroelastic cords projecting from the false lumen wall, thought to represent residual
ribbons of media that have been incompletely sheared from the aortic wall during dissection
(Williams et al, 1994).

There are multiple complications associated with acute dissection. Dissections involving
the ascending aorta may extend into the coronary artery, resulting in occlusion and acute
myocardial infarction (Figure 3). Other branch vessel involvement can result in end-organ
ischaemia presenting as stroke, renal infarction or bowel ischaemia (Figure 4). Aortic
rupture, secondary to dissection, may be indicated by the presence of haemopericardium or
haemothorax, with or without cardiac tamponade (Figures 5 and 6). Cardiac tamponade is
characteristically seen on computed tomography as dense pericardial fluid with flattening
of the right heart, straightening of the interventricular septum, dilation of the superior
and inferior vena cava, with reflux of contrast into the inferior vena cava and hepatic
veins (Figure 5). The risk of aortic rupture in the context of dissection is increased by the
administration of thrombolytic agents, which may be inadvertently administered while
attempting to treat suspected stroke or myocardial infarction.

Figure 1. Axial section of a computed tomography angiogram through the aortic arch showing
the ribbon-like filling defect consistent with a dissection flap (arrow).

© 2020 MA Healthcare Ltd
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Figure 2. Axial section through the mid ascending and descending aorta on a computed
tomography angiogram, demonstrating the acute angle between the dissection flap and the
aortic wall (arrow). This acute angle or beak sign occurs on the side of the false lumen (F).

Figure 3. Axial section through the aortic sinus of Valsalva (root) on a computed tomography
angiogram demonstrating the dissection flap extending close to the origin of the right coronary
artery (arrow). When this extends into the coronary artery it can cause acute occlusion

and infarction.

Imaging of intramural haematoma

Traditionally, intramural haematoma was thought to develop secondary to the rupture of
the vasa vasorum within the tunica media. More recently, intramural haematoma is thought
to arise from small entry tears within the intima, which may subsequently reseal or heal,
making them difficult to detect on imaging (Chin et al, 2018).

Intramural haematoma is characterised on unenhanced computed tomography by
crescenteric, high-attenuation, aortic wall thickening (typically >5mm), which does not
enhance following administration of contrast (Figure 7). As stated previously, type B
intramural haematoma is more common than type A, which is thought to be a result of the
strong association between intramural haematoma and atherosclerosis (Harris et al, 2012).

Similar to those with acute dissection, patients with type A intramural haematoma
are at higher risk of complications. Multiple prospective studies have demonstrated that
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Figure 4. Axial section of a computed tomography angiogram at the level of the renal arteries.
The dissection flap extends into the left renal artery (arrow) resulting in reduced enhancement
of the left kidney (asterisk) compared to the right kidney.

Figure 5. Sagittal section through the inferior vena cava on a computed tomography angiogram.
Haemopericardium (asterisk) results in high pressure in the pericardium, preventing normal filling
of the right atrium and ventricle, so diverting the contrast into the inferior vena cava (arrow).

intramural haematoma either reabsorbs or is complicated by progression to dissection,
periaortic bleeding or contained rupture and aneurysm formation (Evangelista et al, 2004). A
maximum aortic diameter of over 40 mm is thought to predict the progression of intramural
haematoma to dissection (Sueyoshi et al, 1997). Specifically, type A intramural haematoma
is associated with progression to dissection in 15-87.5% of cases (Choi et al, 2001). Other
factors that increase the risk of progression of intramural haematoma to dissection include
intramural haematoma thickness >10 mm, compression of the true aortic lumen and the
presence of progressive pericardial or pleural effusion (Choi et al, 2001).

Ulcer-like projections are a common sequela of intramural haematoma and are another
risk factor for progression. Ulcer-like projections may be complicated in up to 70% of
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Figure 6. Axial section of a computed tomography angiogram at the level of the heart, showing
a haemopericardium (asterisk) secondary to aortic dissection.

Figure 7. Axial section of a computed tomography angiogram at the level of the mid
descending aorta showing an intramural haematoma (asterisk) (in the acute phase this will
appear more dense than the true lumen on a scan without contrast). A useful sign is seeing the
displaced intimal calcification into the true lumen (arrow).

cases by enlargement, aneurysm, dissection and rupture (Ganaha et al, 2002; Sueyoshi et al,
2002; Kaji et al, 2003). First described in 1965 by Eyler and Clark, ulcer-like projections
are thought to represent a defect in the intima, leading to a clotted false channel. The defect
may represent a new intimal defect, or a pre-existing intimo-medial defect not seen on
initial imaging as a result of thrombosis of the false lumen. On post-contrast images, an
ulcer-like projection appears as a contrast-filled pouch which extends into the thrombosed
aortic wall and enhances to the same degree as the lumen. Ulcer-like projections are most
often seen in areas without atherosclerosis and are not seen on initial imaging, which helps
in distinguishing these from a penetrating atherosclerotic ulcer (Sueyoshi et al, 2002).
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Aneurysmal dilation of the aorta is the most frequent long-term complication of intramural
haematoma, defined as a 50% increase in the normal aortic diameter (Evangelista et al,
2005). Periaortic bleeding is seen as high attenuation fluid outside the outer aortic wall and
is thought to be more frequently seen as a complication of a type A intramural haematoma
than dissection (Song et al, 2001). Of patients with type A intramural haematoma, 3.3%
presented with ST-elevation myocardial infarction secondary to periaortic haematoma
causing extrinsic compression of the coronary arteries (Alomari et al, 2014).

Imaging of penetrating atherosclerotic ulcer

A penetrating atherosclerotic ulcer is defined as an atheromatous plaque with disruption of
the intima and extension of blood into the media. Typical patients are older, with multiple
comorbidities and extensive atherosclerotic disease. A penetrating atherosclerotic ulcer
may be seen as a contrast-filled pouch extending into the media, typically within the arch
and descending aorta (Figure 8). There is usually outpouching of the outer aortic wall,
with jagged edges (Vilacosta et al, 1998). This distinguishes it from an uncomplicated
atheromatous ulcer, which is solely limited to the intima. It is also often seen in conjunction
with varying degrees of intramural haematoma.

Complications of penetrating atherosclerotic ulcer include aneurysm formation, complete
erosion through the media resulting in pseudoaneurysm formation, and aortic dissection
(Benitez et al, 1995). Rates of aortic rupture secondary to penetrating atherosclerotic ulcer
have been reported at 4.1-38% (Tittle et al, 2002; Nathan et al, 2012). The high rate of
rupture reported by Tittle et al (2002) could have be a result of patient selection factors: all
cases were symptomatic with involvement of the ascending aorta in 46% of cases, likely
representing the most severe subset of patients.

Management of acute aortic syndromes

Acute dissection, intramural haematoma and penetrating atherosclerotic ulcer may be
subdivided by duration: acute (<14 days), subacute (15-90days), and chronic (>90days).
In all three conditions the goal is to reduce the risk of rupture by decreasing aortic

Figure 8. Sagittal oblique section of a computed tomography angiogram in an elderly patient
with diffuse aortic atheroma and a focal penetrating atherosclerotic ulcer, resulting in a small
focal saccular aneurysm.
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wall stress. This is achieved through aggressive control of hypertension (systolic blood
pressure <120mmHg), heart rate (<70bpm), and pain, first at presentation and then
lifelong. In general, clinical features denoting complication include uncontrollable pain,
refractory hypertension or hypotension, and end-organ malperfusion. Concerning imaging
features denoting complication are associated with a high risk of progression to aneurysm,
pseudoaneurysm or dissection, and therefore a high risk of rupture (Table 1). Direct imaging
complications may also be demonstrated, such as direct coronary artery or visceral branch
vessel occlusion. Therefore a ‘complicated’ aortic dissection, intramural haematoma or
penetrating atherosclerotic ulcer is denoted by the presence of clinical and/or imaging
complications. The severity of complications guides the urgency of open surgical or
endovascular repair or conservative best medical therapy.

Management of acute aortic dissection

Type A acute aortic dissection

There has been longstanding European and North American consensus on immediate
operative management for patients with type A acute dissection (Hiratzka et al, 2010;
Erbel et al, 2014).

Type B acute aortic dissection
Current European recommendations are that patients with complicated type B acute
dissection (Table 1) be offered thoracic endovascular aortic repair, especially given
the favourable risk of mortality compared to open surgery, short- and medium-term
outcomes, and complication rates (Moulakakis et al, 2014; Evangelista et al, 2018).
Appropriate vascular access and suitable anatomy (in particular adequate landing zones)
are a prerequisite.

In patients with uncomplicated type B acute dissection, best medical therapy and
imaging follow up has long been considered a safe strategy. Despite this, however,

Table 1. Computed tomography features associated with progression in patients with type B acute

dissection, intramural haematoma or penetrating atherosclerotic ulcer

Condition Computed tomography features References

Acute dissection Aortic diameter >40-45mm at presentation Schwartz et al (2018)
Aortic growth >5mm in 6 months

Entry tear >10mm at presentation

False lumen diameter >20-22 mm

Patent or only partially thrombosed false lumen

Initial aortic diameter >40mm

>40-50mm at presentation

Intramural
haematoma

Sueyoshi et al (1997); Kitai et al (2010)

Penetrating
atherosclerotic ulcer

From Pape et al (2015)

>50mm
Haematoma thickness >10mm

Ulcer-like projection

Progressive pleural effusion
Symptomatic

Presence of intramural haematoma
Progressive pleural effusion

Penetrating atherosclerotic ulcer depth >10-15mm,
diameter >20mm or high growth rate*

*Debated, not shown in

Evangelista et al (2004)
Sueyoshi et al (1997); Choi et al (2001)

Ganaha et al (2002); Sueyoshi et al
(2002); Kaiji et al (2003); Kitai et al (2010);
Schlatter et al (2011)

Choi et al (2001); Evangelista et al (2004)
Stanson et al (1986); Nathan et al (2012)
Ganaha et al (2002)

Ganaha et al (2002)

Ganaha et al (2002); Janosi et al (2016)

Nathan et al (2012)
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the long-term risk of progression to complicated dissection or aneurysm is reported at
30-40%, so the potential utility of thoracic endovascular aortic repair in these patients
remains a subject of debate (Schwartz et al, 2018).

No mortality benefit of thoracic endovascular aortic repair has been shown in patients
with uncomplicated type B acute dissection (Enezate et al, 2018) and there is a risk of
retrograde type A dissection, which may occur in up to 2.5% of patients with up to 37%
mortality (Chen et al, 2017). Emerging evidence on the use of thoracic endovascular aortic
repair in the sub-acute phase suggests morphological and aorta-specific mortality benefit
in the medium term, compared to best medical therapy (Nienaber et al, 2013; Hossack
et al, 2020). However, the exact mechanisms (Nienaber et al, 2013) and most relevant
sub-groups currently remain unknown (Schwartz et al, 2018; Tadros et al, 2019). Thoracic
endovascular aortic repair itself carries operative risks, such as stroke in up to 6.25% of
patients (vs 5.5% best medical therapy) (Hossack et al, 2020).

Management of intramural haematoma

Type A intramural haematoma

European and North American guidelines (Hiratzka et al, 2010; Erbel et al, 2014) recommend
immediate open surgery for patients with type A intramural haematoma, because of the
high rate of progression to dissection (16%) and mortality similar to acute dissection at
27% (Evangelista et al, 2018).

Type B intramural haematoma

The European recommendation is that patients with uncomplicated type B intramural
haematoma receive medical management and those with complicated intramural haematoma
type B be offered thoracic endovascular aortic repair (Erbel et al, 2014). There remains
broad agreement on the concerning imaging features associated with progression (Table
1) (Li et al, 2018; Chakos et al, 2019). The role of thoracic endovascular aortic repair in
patients with uncomplicated type B intramural haematoma remains unclear.

Management of penetrating atherosclerotic ulcer

The presence of symptoms (Table 1) is key in the management of penetrating atherosclerotic
ulcer, with most cases presenting asymptomatically (82%), located in the descending
aorta (93%), and uncovered incidentally (Nathan et al, 2012). Asymptomatic penetrating
atherosclerotic ulcers are less likely to progress than symptomatic penetrating atherosclerotic
ulcers (20% vs 45%). Symptomatic penetrating atherosclerotic ulcers are more likely to
develop intramural haematoma (80%) or saccular aneurysm (13%), with rupture rates
of up to 38%. As this exceeds the rate for acute dissection, thoracic endovascular aortic
repair is recommended (Stanson et al, 1986; Coady et al, 1998; Tittle et al, 2002) and
now well established as first-line therapy, with complication rates comparable to thoracic
endovascular aortic repair for other indications (Oderich et al, 2019).

Penetrating atherosclerotic ulcer size (diameter and depth) has been shown by some authors
to be relevant to progression (Ganaha et al, 2002; Janosi et al, 2016), and can therefore be an
indicator for thoracic endovascular aortic repair. However, almost all patients in these studies
presented with symptoms, and size and/or depth was not shown to be a significant predictor
of progression in the largest series of penetrating atherosclerotic ulcers so far (Nathan et al,
2012). As there is a paucity of randomised data, most groups essentially advocate watchful
waiting and hypertensive control for patients with type B penetrating atherosclerotic ulcers,
unless they are symptomatic or associated with complications (Oderich et al, 2019).

Management summary

Open surgery is usually indicated for patients with type A acute dissection, intramural
haematoma or penetrating atherosclerotic ulcer because of the high risk of tamponade, aortic
rupture, or severe valvular insufficiency, regardless of the presence of complications (Hiratzka
etal, 2010; Erbel et al, 2014). Patients with complicated type B acute dissection, intramural
haematoma or penetrating atherosclerotic ulcer should be offered thoracic endovascular
aortic repair, providing that the anatomy is suitable (Hiratzka et al, 2010; Erbel et al, 2014).
In addition to uncontrollable pain, refractory hypertension or hypotension and end-organ
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Key points

B In patients with acute aortic dissection, computed tomography can identify the entry
or re-entry point of the dissection, the true and false lumens, and complications such
as branch vessel involvement, end-organ ischaemia, aortic rupture, or aortic root
involvement.

B On unenhanced computed tomography intramural haematoma is characterised
by crescenteric, high-attenuation, aortic wall thickening which does not enhance
following administration of contrast.

B A penetrating atherosclerotic ulcer may be seen as a contrast-filled pouch extending
into the media with outpouching of the outer aortic wall. This distinguishes it from an
uncomplicated atheromatous ulcer, which is solely limited to the intima. Penetrating
atherosclerotic ulcers may be associated with varying degrees of intramural
haematoma.

B Open surgery is usually indicated for type A acute dissection, intramural haematoma,
and penetrating atherosclerotic ulcer because of the high risk of tamponade, aortic
rupture, or severe valvular insufficiency, regardless of the presence of complication.

B Patients with complicated type B acute dissection, intramural haematoma or
penetrating atherosclerotic ulcer are usually offered thoracic endovascular aortic
repair, providing that the anatomy is suitable.

B Patients with uncomplicated type B acute dissection, intramural haematoma or
penetrating atherosclerotic ulcer are usually offered best medical therapy and imaging
follow up.

B Limited evidence suggests a role for thoracic endovascular aortic repair in subacute,
uncomplicated type B acute dissection pathology but this remains the subject
of debate.

malperfusion, the specific computed tomography features associated with an increased risk
of progression are summarised in Table 1. Those with uncomplicated type B acute dissection,
intramural haematoma or penetrating atherosclerotic ulcer are offered best medical therapy
and imaging follow up, with European guidelines advising computed tomography before
discharge, at 1, 3, 6, and 12months, and annually thereafter (Erbel et al, 2014). Limited
evidence suggests a role for thoracic endovascular aortic repair in patients with subacute,
uncomplicated type B acute dissection pathology but this remains the subject of debate.

Conclusions

This article presents some of the key imaging features and briefly summarises some of the
latest evidence and guidance on the management of acute aortic syndromes. Endovascular
repair is now well established in the treatment of patients with complicated type B pathology.
Its utility in patients with type A dissection, intramural haematoma or uncomplicated type
B acute dissection is of interest, although this remains incompletely delineated at present.
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