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Abstract: Penetrating aortic ulceration (PAU) is part of the spectrum of acute aortic syndromes (AAS),
and is defined as an ulcerated intimal disruption due to atherosclerotic disease. PAU may be simple,
isolated and asymptomatic, or it may be symptomatic, aneurysmal and extensive; these may progress
and lead to rupture. This review aims to evaluate the treatment options for PAU. Treatment options
range from radiological surveillance, risk factor modification, best medical therapy and open or
endovascular surgical repair. Patients with PAU are frequently older and comorbid with relatively
damaged aortic tissue; this can make open surgical repair more challenging. Endovascular repairs
for larger, symptomatic, aneurysmal PAU may be performed with acceptable outcomes. Complex
endovascular repairs may be required depending on the pathology. Patients with small, asymptomatic,
uncomplicated PAU may be safely followed up with surveillance. PAU with concomitant intramural
haematoma (IMH) should be closely monitored to observe for resolution or progression following
conservative and medical management strategies. PAU is a unique entity and its natural history should
be studied independently to better understand appropriate management strategies. This research is
currently lacking, and larger studies or registries may be helpful in optimising PAU management.
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1. Background

Penetrating aortic/atherosclerotic ulceration (PAU) is defined as an ulcerated, intimal disruption
due to atherosclerotic disease [1]. It is radiologically identified as a focal outpouching of contrast
extending beyond the intima (Figure 1) [2]. This article discusses the natural history and current best
practice in managing this unique disease, and seeks to evaluate the available evidence and current
guidance in the management of PAU.

Natural History and Presentation

PAU fits into a spectrum of acute aortic syndromes (AAS) consisting of classical dissection,
intramural haematoma (IMH), limited dissection and iatrogenic/traumatic transection (Figure 2) [3].

PAU may be located in the ascending aorta (Type A PAU), in the descending thoracic aorta (Type B
PAU) or abdominal aorta. It is radiologically distinct from other AAS, such as aortic dissection (AD) [2].

Simple isolated PAU may be asymptomatic and incidentally detected through imaging or may
present with chest, back or abdominal pain [4,5]. Rarer presentations include Ortner’s syndrome
(recurrent laryngeal nerve palsy due to aortic pathologies), haemopericardium [6] and haemoptysis [7,8].
An estimated 20%–54% [9,10] of PAU patients are symptomatic. Simple isolated asymptomatic PAU
may not progress and may go through a process of repair; however, the presence of symptoms is
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concerning. Significant disruption of the aortic wall causes aneurysmal degeneration, which can lead
to a saccular or pseudoaneurysm [11]. Symptomatic, extensive, aneurysmal PAU is thought to have
an increased risk of rupture; the exact rupture risk is unclear, however, it has been estimated that
approximately 14%–40% of patients present or go on to rupture [9,12–14].
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Figure 1. Axial computed tomography (CT) image of a thoracic penetrating aortic ulceration (PAU). 
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Figure 2. Spectrum of acute aortic syndromes (AAS), ranging from I: classic dissection, II: intramural
hematoma (IMH), III: limited dissection, IV: PAU and V: iatrogenic/traumatic dissection [3].

It is hypothesised that continued erosion of the aortic wall in PAU may lead to disruption
of the vasa vasorum and IMH, if there is secondary intimal disruption and extended longitudinal
haematoma of the aortic wall [11,15]. For this reason, AAS may be seen in conjunction with each other.
The proportion of PAU associated with IMH varies in the literature ranging from 9%–14% [10,12,16]
to 48%–60% [17–19]. In this article, isolated PAU is defined as a PAU without concomitant IMH or
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AD. The natural history and management of PAU has previously been studied by pooling together
patients with and without concomitant IMH, making the natural history of an isolated PAU difficult
to ascertain.

2. Treatment of PAU

PAU should be treated as a distinct clinical entity as it differs from AD and aneurysm scenarios
in important ways. PAU often occurs in elderly, unfit patients with severe hypertension and with
profound atherosclerotic disease [20]. Extensive plaque may rupture leading to IMH and AD.

There are no randomised trials evaluating treatment strategies for isolated PAU and PAU associated
with IMH [21]. Frequently adopted interventions include radiological surveillance, antihypertensive
therapy, open surgical repair and thoracic endovascular aortic repair (TEVAR) [10]. Effective management
of PAU is vital, given the potential for progression to AD [22], aneurysms [23] or rupture [24,25].

2.1. Conservative and Medical Management

Conservative management strategies include radiological surveillance and antihypertensive
therapy with beta blockers [26]. There are a proportion of patients who may receive no specific
management for their PAU [10,27].

At our institution, patients with smaller, asymptomatic, less aneurysmal PAU may be managed
safely using a conservative approach [28]. These patients were managed with lifestyle and cardiovascular
risk modification, including optimisation of blood pressure control, discussion at a multidisciplinary
team meeting and annual computed tomography (CT) scanning. In another unit, patients with
asymptomatic PAU were managed expectantly; none required surgical intervention, and none died of
aortic complications at a median follow up of 457 days [29]. Although asymptomatic patients may be
managed conservatively, some ulcers become aneurysmal or grow in size [30]; it is estimated that 30% of
medically managed PAU worsens [13]. In our experience, 14% of those initially managed conservatively
subsequently required surgical repair for aneurysmal degeneration [28]. It has previously been suggested
that early intervention should be considered in PAU with a maximum diameter of more than 20 mm [31].

These findings highlight the importance of surveillance in medically managed PAU, although
there is evidence to suggest this is not always adequately performed [32]. This is needed to evaluate
evolution of disease and personalise management strategies. Guidance for surveillance following
treatment states that a CT or MRI should be performed prior to hospital discharge, at 1, 3 and 6 months,
and yearly thereafter [26].

It is thought that PAU complicated by IMH may be more likely to progress [31], hence guidelines
suggest that endovascular/surgical repair should be considered for PAU with concomitant IMH. However,
in a series of 105 PAU patients, both with and without IMH, it was concluded that many PAUs may be
treated conservatively with surveillance [20]. This may suggest that patients with concomitant IMH
should be monitored closely in the first few months, to evaluate if the IMH is resolving with conservative
management strategies. A strategy of initial surveillance for isolated thoracic and abdominal PAU is
safe and effective with surgical intervention if there is radiological or clinical progression [16].

Conservative management may be suitable for more comorbid patients, as the long-term all-cause
mortality in PAU patients is high. This may be attributable to significant comorbidities in these patients [12],
so consideration of these factors should therefore play an important role in management decisions.

2.2. Open Repair

Strategies for the open repair of PAU are varied, depending on the location and presentation of
the PAU; patients may also require extracorporeal perfusion [33]. Since PAU often occurs in older
patients with atherosclerotic disease [10,14], these patients are at high risk during open surgery [34].

Outcomes and recommendations for open repair are mostly based on case series and case reports.
One series reported a comparison between open descending aortic repair (n = 37) with TEVAR (n = 58)
for PAU [35]. Early mortality was significantly higher in open repair (16.2%) than in TEVAR (5.1%).
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The causes of mortality following open repair included stroke, intraoperative myocardial infarction,
bowel infarction and iatrogenic aorto-oesophageal fistulation [35]. The perioperative stroke rates were
significantly higher in open repair (16.2%) than TEVAR (3.4%). Spinal cord ischaemia occurred in both
open and endovascular repairs, but was permanent in patients with open repairs and recoverable in
those who underwent TEVAR [35]. In this patient cohort, type of repair did not affect late mortality
rates [35]. In another series, endovascular repair was associated with lower morbidity, although
mortality rates were comparable [36]. Open repairs are more frequently performed for Type A PAU;
tube grafts [37], chimney grafts [38] and frozen elephant trunk procedures [39] have been reported.

At our institution, only 6% of proximal PAU procedures were performed through an open repair [28].
Aortic tissue in patients with PAU may be thin and damaged making open graft repairs difficult. This,
along with the focal nature of PAU, makes endovascular repair more attractive [26].

2.3. Endovascular Repair

Endovascular repair may be a less invasive alternative to open surgery and is widely studied with
a range of available endografts.

At our institution, patients with larger, symptomatic or aneurysmal PAU predominantly underwent
endovascular repair [28] with acceptable long-term outcomes. This is the case at other institutions, where
patients with symptomatic PAU or concomitant AAS were more likely to undergo an operation [29].

Endovascular technical success has been reported at, or close to, 100% in a number of
studies [5,9,40,41]. In hospital/30-day mortality post TEVAR for PAU is estimated at 4.8% [42]. Overall
survival at 1, 5 and 10 years has been reported at 93% [41,43], 72%–84% [41,43,44] and 60%–70% [41,43],
respectively [42], which is reflective of the comorbidities in patients with PAU. The long term
aortic-related survival rates have been reported between 96%–100% [40,42,43].

Endoleaks are reported in approximately 8% of cases [42,43]. Re-intervention rates were found to
be 5% [4,44] and lower in PAU (4.8%) than with other AAS (TBD and IMH) [44]. The most common
cause of re-intervention was type I endoleak [44]. Spinal cord ischaemia rates have been reported
between 1.4%–3.4% [35,43]; the risk of spinal cord ischaemia may be less in PAU then other AAS [45],
possibly due to their focal nature. The estimated perioperative stroke risk is 2.4% [42].

It is important to be prepared for more complex intervention when undertaking an endovascular
repair. For instance, there may be problems with endovascular access through the iliac vessels, due
to widespread atherosclerotic disease in PAU patients with an additional risk of distal embolization
from atherosclerotic plaque rupture. Left ventricular transapical [46,47] and carotid [48,49] access have
been described when inadequate iliofemoral access has been encountered. Complex interventions may
also be required, because PAU is more frequently found in the arch, distal to the left subclavian or
renal arteries, and therefore may require supra aortic debranching procedures, fenestrated or branched
stents. The need for these more extensive interventions should be balanced against the benefit that is
likely to be achieved, given that the peri-procedural risks will be greater.

It has been suggested that patients undergoing endovascular repair for acute or contained ruptures
associated with PAU had improved survival compared to those with TAA or AD as the primary
aetiology [50], this may be because the focal nature of PAU means that the proximal and distal sealing
zones are more favourable.

2.4. Surgical Management of Type A, Type B and Abdominal PAU

PAU has classically been described in the descending thoracic aorta [12,51], however, a significant
number may also be found in the aortic arch [28]. A recent series of 106 PAUs identified that 54% were
found in the arch, 23% in the descending thoracic aorta and 24% in the abdomen [10]. The management
of PAU differs depending on its location. European guidelines suggest that surgery should be considered
for Type A PAU [21]. American guidelines state that emergency surgery should be considered in lesions
affecting the ascending aorta [26]. AAS affecting the ascending aorta are associated with increased
mortality [52] and rupture [2].
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A number of small series demonstrate the use of endovascular repair for arch and Type A
PAU [53,54]. A European registry for endovascular repair of arch PAU reported an 86% overall 30-day
survival rate [55]. There are fewer studies evaluating endovascular repair of Type A PAU compared to
Type B PAU and, until recently, there was less technology available for Type A endovascular repair.
Therefore, contemporary evaluation of outcomes in these patients is required.

Abdominal PAU may be at low risk of causing symptoms and progression [27,32] and, therefore, may
be frequently detected incidentally, managed conservatively or not at all [32]. If performed, endovascular
and open surgical repair of abdominal PAU appears to be safe and effective [56–59], including for
complicated PAU [58] and para-visceral PAU, requiring fenestrated/branched endografts [60].

2.5. Management of PAU Occurring with IMH

European recommendations (Class II, Level C) suggest that TEVAR or surgery should be considered
for a complicated Type B PAU, which includes PAU with IMH [21]. PAU with simple, limited stable
IMH can be treated conservatively, and this may completely remodel over time. Patients who do
not remodel and instead develop a true dissection with a patent true and false lumen, can be treated
with early stenting to induce remodelling, or they can be treated with surveillance and only undergo
endovascular repair if late dilatation occurs. The arguments for and against early stenting of type B
aortic dissection are outside the remit of this discussion, but have been investigated elsewhere [61].

PAU/IMH patients that develop complications, such as rupture, malperfusion or have ongoing
pain or uncontrolled hypertension after 3 days, should undergo treatment, usually by TEVAR.

Many studies reporting the natural history and management outcomes of patients with PAU, have
included both patients with and without concomitant IMH [4,5,12,17,19,62,63]. In some studies, the
presence of an IMH has been reported as having no significant impact on survival [19,64]. The extent
of haematoma seems not to predict failure of medical therapy for PAU [20], but the presence of IMH
may be associated with PAU treatment failure with TEVAR [65].

As we have outlined above, IMH with PAU may be treated conservatively. However, in this
scenario, progression over time to type B aortic dissection may be more likely than when there is IMH
alone [31].

As with isolated PAU, IMH secondary to PAU has a higher association with atherosclerotic disease
than with other AAS [2]; significant cardiovascular comorbidity in this cohort may impact management
decisions and the outcome of treatment.

3. Conclusion

PAU is a unique entity and should be studied independently to understand the natural history.
The body of research in AAS is building, however, an understanding of the natural history and best
management strategies of PAU are still disputed. This may be, in part, due to a lack of research that
distinguishes PAU as a separate entity from PAU in combination with other AAS.

Treatment strategies are not well established, but it is accepted that conservative management
for small, non-aneurysmal, asymptomatic PAU is best. For complicated PAU that requires treatment,
endovascular management should be used but may require extra-anatomical bypass procedures.
Surgery is feasible, but PAU patients are often old and frail with atherosclerotic disease.

Where there is concomitant PAU and IMH, surveillance may be used in the first instance. As with
acute dissection, complicated PAU/IMH may require endovascular repair. However, the changing
landscape and weight of evidence for early treatment of IMH with TEVAR may lead to a change
in practice.

Research is lacking and often the number of patients included in each study is small, meaning that
conclusions drawn from these studies may not be generalisable. Larger studies evaluating the treatment
strategies of PAU may be required. Alternatively, a prospective database or registry of PAU patients
may be helpful with different institutions reporting treatments and outcomes of patients with PAU [66].
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