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Penetrating aortic ulcer (PAU) is a component of acute aortic syndromes (AASs), encompassing a range of
potentially life-threatening aortic conditions such as dissection, intramural hematoma (IMH), and PAU
itself. Ruptured PAU constitutes an emergency requiring surgical intervention. Here, we present a case
involving a 47-year-old male patient admitted to our emergency department due to severe abdominal pain,
malaise, and tenderness of the abdominal wall, which commenced abruptly several hours prior. An
emergency CT scan revealed a large pseudoaneurysm of the infrarenal abdominal aorta, which was found
with moderate atherosclerosis and no evidence of other dilated or aneurysmal segments. The patient
underwent successful endovascular treatment and was discharged four days later without complications.
Follow-up examination after two months demonstrated a patent graft and reduction of the aneurysmal sac.
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Introduction

A penetrating aortic/atherosclerotic ulcer (PAU) is characterized by a breach in the inner layer of the aorta
due to atherosclerotic disease. On radiological imaging, it appears as a localized bulge of contrast material
extending beyond the inner layer [1]. Severe damage to the aortic wall can lead to the formation of an
aneurysm, resulting in a saccular pseudoaneurysm [2]. An aneurysmal PAU that is symptomatic and
extensive is thought to pose an elevated risk of rupture, although the precise likelihood of rupture remains
uncertain. Estimates indicate that approximately 14%-40% of patients either present with or progress to
rupture [3]. PAUs are more commonly observed in elderly patients with severe atherosclerosis. While they
can be identified in all segments of the aorta, they are particularly prevalent in the thoracic region, with the
descending thoracic aorta being the most common site (62%) [4]. The rupture rate for PAU in acute
presentations has been reported as high as 38%, significantly surpassing that observed for aortic dissection
[5]. Indications for repair include persistent or recurrent symptoms, rupture, or the development of a
pseudoaneurysm [1]. Surgical treatment is recommended for cases of PAU complicated by aneurysm
expansion, regardless of size, rupture, peripheral embolization, or uncontrolled pain [1]. Open surgical
repair with graft interposition is associated with high operative morbidity and mortality [6]. Endovascular
treatment offers a less invasive and appealing alternative, as it can be conducted under local anesthesia,
making it suitable for high-risk patients and potentially decreasing complications [7].

Case Presentation

A 47-year-old man presented at the emergency department in distress, reporting severe abdominal pain with
abrupt onset several hours earlier. Upon initial examination, he exhibited abdominal tenderness,
exacerbated by palpation, but no signs of rigidity were noted. All peripheral pulsations were intact. He was
slightly hypotensive at 100/70 mmHg, and he displayed tachycardia, with a heart rate of 120 beats per
minute. There were no reported comorbidities, and no other abnormal physical findings were observed.
Laboratory tests revealed moderate anemia (hemoglobin 85 g/L), a slightly elevated white blood cell count

(12.49x 109), a platelet count within the normal range (118 x 10 9), a normal creatinine level (66.3 umol/L),
and a moderately elevated C-reactive protein (29.95 mg/L). The patient was not febrile. A habitual smoker,
he had no history of previous abdominal discomfort or traumatic events. An urgent contrast-enhanced CT
scan was performed that revealed a sizable saccular aneurysm measuring 8 cm x 6 cm x 6 cm in the
infrarenal aorta, suspected to be complicated by a contained rupture. Notably, there were no signs of
extensive atherosclerosis or additional aneurysmal segments involving the aorta or its branches (Figure ).
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FIGURE 1: (A)-(D) Saccular pseudoaneurysm with the contained rupture
of the infrarenal aorta.

Due to the favorable positioning of the aneurysmal neck and the overall health of the surrounding aorta,
along with the potential for further evolution of the contained rupture, we chose an endovascular approach.
The proximal aneurysm neck began approximately 27 mm below the renal arteries, with an aperture width of
20 mm, and a distal segment extending to the aortic bifurcation providing a seal zone of approximately 37
mm. However, the aortic neck at the level of the renal arteries measured around 16-17 mm, which was
slightly too narrow for the smallest available tube graft. Considering another option, a complete bifurcated
system was deemed unattractive due to the short length of the infrarenal aorta (85 mm), the too-narrow
aortic bifurcation of about 12 mm, and the risk of compromising the opening of the contralateral limb.
Considering these concerns, we opted to utilize an Iliac Extension Stent Graft (20/20/82 Medtronic,
Minneapolis, MN), readily available off-the-shelf, albeit off-label for this purpose. Using a trans-femoral
approach from the right side, an aortography was performed, and the iliac extension was accurately placed.
The final arteriogram revealed a perfect result with no signs of endoleak (Figure 2).
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FIGURE 2: (A) and (B) Initial aortography and final result with no signs
of endoleak.

The patient was discharged on the third postoperative day without any complications. A follow-up
examination two months after the procedure revealed a patent stent graft and a slight reduction in the
aneurysmal diameter.

Discussion

Originally identified as a distinctive condition in 1986 by Stanson et al., an isolated PAU is characterized by
the disruption of the arterial intima and elastic lamina, extending into the media within the atherosclerotic
aorta. This disruption leads to a localized bulging through an area of vascular calcification with
accompanying arterial flow [1]. PAU is often discovered incidentally, fully asymptomatic. While an isolated
PAU may follow a benign clinical course, such as in cases of asymptomatic, stable ulceration incidentally
observed, it also has the potential to grow or develop an associated intramural hematoma (IMH), dissection,
pseudoaneurysm, or rupture [1-4].

PAU tends to occur more frequently in elderly patients who have advanced and severe systemic
atherosclerotic disease. Consequently, it is often associated with serious health issues such as hypertension,
coronary artery disease, other cardiac risk factors, and occlusive diseases in the carotid or peripheral arteries
[4]. However, in the current case, we encountered a discrepancy concerning these predisposing factors,
considering the patient's age, the absence of severe atherosclerosis, and the exact location of the
pseudoaneurysm.

Reviewing the literature suggests mainly three potential differential diagnoses for such findings: abdominal
aortic pseudoaneurysm (AAP), mycotic aneurysm, and complicated PAU. AAP is an uncommon and serious
consequence of aortic damage, typically seen following penetrating injuries or, less frequently, blunt
trauma, often associated with vehicular accidents. In existing literature, the duration between the initial
injury and AAP diagnosis varies considerably, spanning from days to even years. The precise cause for this
discrepancy remains uncertain; however, it could be theorized that penetrating injuries with high velocity,
exerting substantial force on the tissue, might induce subtle localized damage to the vessel wall, which
becomes apparent during the fibrotic healing process later on [8].

In the present case, the patient had no history of trauma, making traumatic etiology unlikely. Another
possible diagnosis was a mycotic aneurysm. The term mycotic aneurysm was first coined by William Osler in
1885. However, it is misleading since the majority of mycotic aneurysms are caused by bacterial infections
rather than fungal ones. The classic triad of fever, abdominal pain, and pulsatile abdominal mass is
commonly associated with this condition, yet it may not always manifest, posing a challenge in diagnosing a
mycotic aneurysm and necessitating a high level of suspicion. The natural history of a mycotic abdominal
aortic aneurysm (AAA) typically involves rapid progression to rupture and often death [9].

In our case, the patient was afebrile, with only a slight elevation in white blood cell count, which normalized
upon discharge. The C-reactive protein level was 29.95 mg/L but decreased during hospitalization and
normalized two months after discharge. This led us to consider ruptured PAU as the most probable cause of
our emergency case, particularly considering the sudden onset of symptoms, the presence of anemia,
thrombocytopenia, and hypotension.
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PAUSs are more commonly found in the descending aorta [10] and are rarely observed in the abdominal
segment, especially in younger patients. PAUs involving the descending thoracic aorta require urgent
management in symptomatic patients with persistent or increasing pain, hemodynamic instability, those
with expanding IMH, intrabronchial pressure syndrome (IBPS), and/or hemothorax, as well as those
presenting with hemopericardium. Emergency treatment is also necessary in cases with a larger aortic
diameter (>60 mm), saccular morphology of associated aneurysm, imminent or evident signs of rupture, and
fistulous communication with the airway or esophagus [5]. The emergency intervention was warranted in
our case due to the sudden onset of symptoms, the maximal diameter of the aneurysm being approximately
80 mm, and the indication of contained rupture with the potential for progression to life-threatening
abdominal hemorrhage.

Possible treatment options for aortic pseudoaneurysms include an open surgical repair, endovascular repair,
pseudoaneurysmal sac thrombosis induction through direct thrombin injection [11], and coil embolization
[12]. The decision regarding whether to opt for an open or endovascular method relies on factors such as the
patient's age, any accompanying health conditions, technical considerations such as the shape of the lesion
and variations in anatomy, the types of prostheses available, and the expertise of medical personnel and
centers. Open surgical repair typically involves resection of the pseudoaneurysm with an interposing graft or
repairing the aorta using a lateral Dacron patch aortoplasty, as outlined by Pisters et al. [13].

Endovascular repair has emerged as a treatment option for AAP, utilizing stent grafts and balloon-
expandable bifurcated endoprostheses [14,15]. Bechara-Zamudio et al. documented a case involving a 22-
year-old male who presented with significant intra-abdominal hemorrhage. Diagnosis of AAP via CT scan
led to treatment with a balloon-expandable bifurcated endoprosthesis.

Despite the widespread acceptance of endovascular treatment for AAA using dedicated aortic endograft
systems, their applicability in cases of abdominal PAUs or AAP can be limited, often due to aortic diameters
being within the normal or even narrower range. In such scenarios where the placement of a bifurcated self-
expanding aortic graft is not feasible, aortomonoiliac reconstruction, as reported by Hinchliffe et al. [16],
could be considered; however, this approach typically necessitates subsequent cross-over bypass and, in
many cases, embolization of the contralateral iliac artery.

An alternative option for situations involving a small diameter of the aortic bifurcation is the utilization of
an AFX stent graft. Manufactured by Endologix in Irvine, CA, the AFX stent graft is specifically engineered

to address the challenge posed by narrow aortic bifurcations. Unlike traditional bifurcated endografts, which
may subject iliac limbs to potential competition within the restricted lumen, thereby heightening the risk of
stenosis or thrombosis, the AFX stent graft is designed for direct attachment onto the aortic bifurcation. This
design feature aims to mitigate limb competition within the distal aorta, offering particular advantages in
cases with narrow aortic bifurcations.

Alternative approaches to conventional methods such as open surgical repair or endovascular repair have
been reported in various studies. In a case described by Geckeis et al. [11], a 63-year-old man experienced
the formation of a significant pseudoaneurysm in the abdominal aorta after undergoing surgical fenestration
and patch aortoplasty to address acute type B aortic dissection with malperfusion syndrome. The authors
successfully induced complete clotting within the pseudoaneurysm sac by administering 1,500 thrombin
units via transcatheter delivery.

Salsamendi et al. [12] utilized endovascular coil embolization to manage a posterior aortic aneurysm situated
slightly above the origin of the renal arteries, along with a smaller broad-based AAP adjacent to the right
superior mesenteric artery. In this particular case, endovascular coil embolization was considered a feasible
alternative for treating an AAP that was not suitable for stent grafting or traditional open surgical repair.

We chose an endovascular approach due to the urgent condition of the patient, the absence of suspicion of a
mycotic aneurysm, and favorable anatomy regarding the location of the PAU. The relatively normal aortic
morphology on both sides of the ulcer facilitated the acquisition of landing zones for better graft stability.
According to the literature, a minimum length of 1.5-2 cm at each end of the landing zone is required [17].
Fortunately, we had sufficient proximal (27 mm) and distal (37 mm) landing zones of adequate length and
quality. The only challenge we encountered was the narrow diameter of the entire abdominal aorta,
particularly at the aortic bifurcation. Since we did not have an appropriate off-the-shelf aortic tube graft or a
dedicated bifurcated system to address the narrow aorta (such as the AFX stent graft), we decided to use an
off-label Iliac Extension Stent Graft, which resulted in a successful outcome.

Conclusions

In this current case report, we present the successful treatment of a contained rupture of PAU in a young
patient, a remarkably rare occurrence. Ruptured PAU represents a distinctive clinical entity, with ongoing
debates surrounding the understanding of its natural history and optimal management strategies. This
ambiguity is partly due to the infrequency of such cases. Treatment strategies are not firmly established, but
it is commonly agreed upon that conservative management is preferred for small, non-aneurysmal,
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asymptomatic PAUs. In cases necessitating intervention, endovascular approaches offer a viable solution
with favorable long-term outcomes, particularly in urgent scenarios. However, due to the rarity of these
cases, dedicated endovascular solutions may not always be readily available. Comprehensive studies
investigating the treatment strategies for PAU are warranted to guide clinicians in determining the most
appropriate course of action.

Additional Information
Author Contributions

All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design: Alexander T. Daskalov
Acquisition, analysis, or interpretation of data: Alexander T. Daskalov
Drafting of the manuscript: Alexander T. Daskalov

Critical review of the manuscript for important intellectual content: Alexander T. Daskalov

Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Stanson A.W., Kazmier F.J., Hollier L.H., et al.: Penetrating atherosclerotic ulcers of the thoracic aorta:
natural history and clinicopathologic correlations. Ann Vasc Surg. 1986, 1:15-23. 10.1016/50890-
5096(06)60697-3

2. Bicknell C, Powell JT: Intramural haematoma remains an enigma. Eur Heart J. 2019, 40:2737-9.
10.1093/eurheartj/ehz232

3. Fiorucci B, Kolbel T, Rohlffs F, Heidemann F, Carpenter SW, Debus ES, Tsilimparis N: The role of thoracic
endovascular repair in elective, symptomatic and ruptured thoracic aortic diseases. Eur ] Cardiothorac Surg.
2019, 56:197-203. 10.1093/ejcts/ezy482

4.  Oderich GS, Karkkainen JM, Reed NR, Tenorio ER, Sandri GA: Penetrating aortic ulcer and intramural
hematoma. Cardiovasc Intervent Radiol. 2019, 42:321-34. 10.1007/s00270-018-2114-x

5. Tittle SL, Lynch RJ, Cole PE, Singh HS, Rizzo JA, Kopf GS, Elefteriades JA: Midterm follow-up of penetrating
ulcer and intramural hematoma of the aorta. ] Thorac Cardiovasc Surg. 2002, 123:1051-9.
10.1067/mtc.2002.121681

6. Batt M, Haudebourg P, Planchard PF, Ferrari E, Hassen-Khodja R, Bouillanne PJ: Penetrating atherosclerotic
ulcers of the infrarenal aorta: life-threatening lesions. Eur | Vasc Endovasc Surg. 2005, 29:35-42.
10.1016/j.€jvs.2004.09.025

7. Tsuji Y, Tanaka Y, Kitagawa A, et al.: Endovascular stent-graft repair for penetrating atherosclerotic ulcer in
the infrarenal abdominal aorta. ] Vasc Surg. 2003, 38:383-8. 10.1016/s0741-5214(03)00139-3

8. Ishii H, Nakamura K, Nakamura E, Endo G, Furukawa K, Shirasaki Y, Mori H: Aortic pseudoaneurysm due to
simple vertebral compression fracture treated with conservative management. Ann Vasc Dis. 2016, 9:349-
51.10.3400/avd.cr.16-00030

9. Maeda H, Umezawa H, Goshima M, Hattori T, Nakamura T, Umeda T, Shiono M: Primary infected
abdominal aortic aneurysm: surgical procedures, early mortality rates, and a survey of the prevalence of
infectious organisms over a 30-year period. Surg Today. 2011, 41:346-51. 10.1007/s00595-010-4279-z

10.  Geisbiisch P, Kotelis D, Weber TF, Hyhlik-Diirr A, Kauczor HU, Bockler D:  Early and midterm results after
endovascular stent graft repair of penetrating aortic ulcers. ] Vasc Surg. 2008, 48:1361-8.
10.1016/j.jvs.2008.07.058

11.  Geckeis K, Eggebrecht H, Schmermund A, Kiihl H, Niebel W, Omlor G, Erbel R: Percutaneous repair of
abdominal aortic pseudoaneurysm by catheter-based delivery of thrombin. ] Endovasc Ther. 2006, 13:264-8.
10.1583/05-1767R.1

12.  Salsamendi ], Pereira K, Rey ], Narayanan G: Endovascular coil embolization in the treatment of a rare case
of post-traumatic abdominal aortic pseudoaneurysm: brief report and review of literature. Ann Vasc Surg.
2016, 30:310.e1-8. 10.1016/j.avsg.2015.07.030

13.  Pisters PW, Heslin MJ, Riles TS: Abdominal aortic pseudoaneurysm after blunt trauma. J Vasc Surg. 1993,
18:307-9. 10.1016/0741-5214(93)90613-Q

14.  Ghazala CG, Green BR, Williams R, Wyatt MG: Endovascular management of a penetrating abdominal aortic
injury. Ann Vasc Surg. 2014, 28:1790.e9-11. 10.1016/j.avsg.2014.02.019

15. Bechara-Zamudio L, Olive G, Barone H, et al.: Traumatic abdominal aortic pseudoaneurysm treated with
balloon-expandable bifurcated endoprosthesis. ] Vasc Surg. 1998, 28:345-8. 10.1016/s0741-5214(98)70171-5

2024 Daskalov et al. Cureus 16(3): e56428. DOI 10.7759/cureus.56428 50f6


https://dx.doi.org/10.1016/S0890-5096(06)60697-3
https://dx.doi.org/10.1016/S0890-5096(06)60697-3
https://dx.doi.org/10.1093/eurheartj/ehz232
https://dx.doi.org/10.1093/eurheartj/ehz232
https://dx.doi.org/10.1093/ejcts/ezy482
https://dx.doi.org/10.1093/ejcts/ezy482
https://dx.doi.org/10.1007/s00270-018-2114-x
https://dx.doi.org/10.1007/s00270-018-2114-x
https://dx.doi.org/10.1067/mtc.2002.121681
https://dx.doi.org/10.1067/mtc.2002.121681
https://dx.doi.org/10.1016/j.ejvs.2004.09.025
https://dx.doi.org/10.1016/j.ejvs.2004.09.025
https://dx.doi.org/10.1016/s0741-5214(03)00139-3
https://dx.doi.org/10.1016/s0741-5214(03)00139-3
https://dx.doi.org/10.3400/avd.cr.16-00030
https://dx.doi.org/10.3400/avd.cr.16-00030
https://dx.doi.org/10.1007/s00595-010-4279-z
https://dx.doi.org/10.1007/s00595-010-4279-z
https://dx.doi.org/10.1016/j.jvs.2008.07.058
https://dx.doi.org/10.1016/j.jvs.2008.07.058
https://dx.doi.org/10.1583/05-1767R.1
https://dx.doi.org/10.1583/05-1767R.1
https://dx.doi.org/10.1016/j.avsg.2015.07.030
https://dx.doi.org/10.1016/j.avsg.2015.07.030
https://dx.doi.org/10.1016/0741-5214(93)90613-Q
https://dx.doi.org/10.1016/0741-5214(93)90613-Q
https://dx.doi.org/10.1016/j.avsg.2014.02.019
https://dx.doi.org/10.1016/j.avsg.2014.02.019
https://dx.doi.org/10.1016/s0741-5214(98)70171-5
https://dx.doi.org/10.1016/s0741-5214(98)70171-5

Cureus

16. Hinchliffe R], Yung M, Hopkinson BR: Endovascular exclusion of a ruptured pseudoaneurysm of the
infrarenal abdominal aorta secondary to pancreatitis. ] Endovasc Ther. 2002, 9:590-2.
10.1177/152660280200900507

17.  Grabenwoger M, Hutschala D, Ehrlich MP, et al.: Thoracic aortic aneurysms: treatment with endovascular
self-expandable stent grafts. Ann Thorac Surg. 2000, 69:441-5. 10.1016/50003-497501291-6

2024 Daskalov et al. Cureus 16(3): e56428. DOI 10.7759/cureus.56428 6 0of 6


https://dx.doi.org/10.1177/152660280200900507
https://dx.doi.org/10.1177/152660280200900507
https://dx.doi.org/10.1016/S0003-497501291-6
https://dx.doi.org/10.1016/S0003-497501291-6

	Endovascular Treatment of a Contained Rupture of a Penetrating Aortic Ulcer in a Young Patient
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: (A)-(D) Saccular pseudoaneurysm with the contained rupture of the infrarenal aorta.
	FIGURE 2: (A) and (B) Initial aortography and final result with no signs of endoleak.

	Discussion
	Conclusions
	Additional Information
	Author Contributions
	Disclosures

	References


