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Abstract
Anastomoses of the coronary buttons are the Achilles’ heel of the modified Bentall procedure (MBP) for the
repair of the aortic root and ascending aorta. We present a rare case of post-MBP right coronary artery
button pseudoaneurysm in a 30-year-old man. The contained leak, attributed to a pseudoknot in the
polypropylene suture, was visualized via computed tomography angiography and transesophageal
echocardiogram and repaired under deep hypothermic circulatory arrest.
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Introduction
When compared with the classical Bentall technique, the modified Bentall procedure (MBP) greatly reduces
the risk of coronary anastomotic complications, with the reattachment of mobilized coronary arteries via the
endo-button technique. We present a rare case of a pseudoaneurysm due to a suture pseudoknot at the site
of the right coronary ostial anastomosis in a 30-year-old man.

This case was previously presented at the October 2022 International College of Angiology, Wading River,
NY, and the September 2021 Metropolitan ACS, Philadelphia, PA.

Case Presentation
A 30-year-old morbidly obese (body mass index: 36.3 kg/m 2) gentleman with a history of poorly controlled
hypertension and a family history of aortic aneurysm and dissection presented to the Emergency
Department with tearing chest pain radiating to the back, palpitations, diaphoresis, and dyspnea. The
systolic blood pressure was elevated to 220 mmHg, and the patient reported having taken his last
antihypertensive medications approximately one month prior. He denied the use of sympathomimetic
substances.

Computed tomography angiography (CTA) showed a dilated ascending aorta and root measuring 5.3 cm × 3.5
cm with type A acute aortic dissection. The intimal tear involved the non-coronary and left coronary cusps
proximal to the level of the commissure and extended distally to the level of the mid-ascending aorta. The
aortic arch and the descending aorta were normal in size and without apparent dissection.

The patient was taken emergently to the operating room, where he underwent an MBP with a 29 mm St. Jude
mechanical aortic valve conduit and re-implantation of coronary arteries. Intraoperatively, the surgeon
noted an intense fibrotic reaction surrounding the ascending aorta, suggesting possible aortitis. Microscopic
examination of the aortic tissue revealed changes consistent with dissection, and aortic valvular tissue
displayed myxoid degeneration. Further genetic testing for connective tissue disease was deferred. The
patient recovered uneventfully and was discharged home.

On postoperative day 27, the patient presented again with dyspnea, palpitations, and chest pain.
Transthoracic echocardiogram showed normal left ventricular function; moderate right
ventricular dysfunction with mildly increased pulmonary artery systolic pressure; a well-seated, normally
functioning mechanical aortic valve; and no pericardial effusion. Hemoglobin was 7.0 g/dL, which
inadequately responded to transfusion. CTA revealed a large pericardial hematoma in the retrosternal space
with active extravasation from the re-implantation site of the right coronary artery (RCA) and extrinsic
compression of the RCA, superior vena cava, ascending aorta, and main pulmonary artery (Figure 1).
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FIGURE 1: Preoperative computed tomography angiography of the
chest.
Large pericardial hematoma in retrosternal space (thin red arrow) with active extravasation (bold yellow arrow)
from the right coronary artery re-implantation site: (A) axial view and (B) three-dimensional reconstruction.

The patient was taken back to the operating room for urgent repair. Intraoperative transesophageal
echocardiogram (TEE) displayed a large pseudoaneurysm with associated hematoma at the anterolateral
aspect of the ascending aorta, with two high-velocity jets originating from the RCA button (Figure 2).

FIGURE 2: Intraoperative transesophageal echocardiogram images.
Pseudoaneurysm with hematoma indicated by a thin red arrow. (A) Mid-esophageal aortic valve long-axis view:
right coronary artery (RCA) button pseudoaneurysm anterior to the ascending aorta (Ao). (B) Upper esophageal
ascending aortic short-axis view: pseudoaneurysm with compression of the right atrium (RA). (C) Color flow
Doppler: two jets of blood flow (thick yellow arrows) visualized feeding pseudoaneurysm. (D) Color flow Doppler:
post-repair of the RCA button and evacuation of the hematoma.

Due to the high risk of rupture of the pseudoaneurysm during re-entry, cardiopulmonary bypass was
initiated via femoral cutdown and cannulation. After redo-sternotomy, dense adhesions were encountered
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from the innominate vein down to the root of the aorta, and the right atrium was enveloped in a thick
hematoma. Deep hypothermic circulatory arrest at 18°C was initiated. After evacuating the hematoma
around the aortic root, two leaks from the RCA button at the two and eight o’clock positions were repaired.
An apparent pseudoknot on the polypropylene suture at the six o’clock position on the RCA button was
straightened and tightened via nerve hooks (Figure 3). A separate suture was used to tighten the
anastomosis and abolish the leaks. Antegrade cardioplegia was used to rule out further leakage. Recovery
was uneventful and the patient was discharged home on postoperative day five.

FIGURE 3: Illustration of the right coronary artery button before repair.
Polypropylene pseudoknot at the six o’clock position (red arrow), and areas of active extravasation at the two and
eight o’clock positions (yellow stars).

Discussion
Pseudoaneurysm following the MBP is a consequence of anastomotic failure at the proximal graft at the
aortic annulus, the distal graft at the native ascending aorta, or the implantation sites of the coronary
buttons. The advent of the MBP has significantly diminished the rate of these complications, with the
incidence of pseudoaneurysm at the level of the coronary buttons reported at 1.5% and 3.3% [1-3]. Rare
cases have been described, either in isolation or in combination with proximal or distal aortic graft
dehiscence [4-8].

Pseudoaneurysms have been reported four months to 17 years after the index procedure [1,4-7,9-12]. In our
patient, right coronary button dehiscence presented in the early postoperative phase.

Patients may be asymptomatic and discovered incidentally on routine follow-up or incidental imaging
[4,7,9]. As in our case, patients present with dyspnea and chest pain [5,7,8,10-12]. Pulsating parasternal
swelling has also been reported [5].

The pseudoaneurysm in our patient was attributed to a pseudoknot at the right coronary button
anastomosis, discovered upon reoperation. The nature of the polypropylene suture material, a stiff
monofilament with significant memory, contributes to pseudoknot formation. A technique to reduce the
probability of pseudoknot formation involves pausing to disconnect the needle driver and straightening the
suture when a quarter to a third of the anastomosis is complete.

In addition to iatrogenic injury, possible etiologies of pseudoaneurysms include poor tissue integrity due to
connective tissue disease, erosion from infectious causes, graft-related porosity leading to seroma
formation, uncontrolled hypertension, and the use of surgical sealants [8,9,11,13]. With a family history of
aortic pathology and findings on gross and microscopic examination of the aortic tissue, connective tissue
disease may have played a role in our patient’s anastomotic failure. The patient declined further diagnostic
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testing for relevant genetic diseases.

The strategy for repair of a post-MBP pseudoaneurysm is influenced by individual patient factors such as
age, quality of native tissue, and size and location of the pseudoaneurysm. As in this case, open repair has
been most frequently employed, but hybrid and transcatheter therapies may be considered as appropriate [4-
11].

Conclusions
The incidence of coronary anastomotic complications after aortic root replacement has decreased since the
development and adoption of the MBP. Patients with connective tissue disease, infection, or inflammation
may be at a higher risk of developing coronary anastomotic failure. Care must be taken to eliminate
pseudoknot formation in polypropylene sutures and to ensure the fidelity of coronary anastomoses. The rare
presentation of pseudoaneurysm and leaks can be acute, as in our patient, or delayed. Patients who present
with post-MBP coronary complications and active extravasation require prompt surgical repair. Radiological
imaging and intraoperative TEE are helpful adjuncts in diagnosis and treatment.

Additional Information
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.

Acknowledgements
The authors thank Drs. Vipin Dulam, Mario Farias-Kovac, and Maruti Kumaran.

References
1. Milano AD, Pratali S, Mecozzi G, Boraschi P, Braccini G, Magagnini E, Bortolotti U: Fate of coronary ostial

anastomoses after the modified Bentall procedure. Ann Thorac Surg. 2003, 75:1797-801; discussion 1802.
10.1016/s0003-4975(03)00015-8

2. Dossche KM, Schepens MA, Morshuis WJ, de la Rivière AB, Knaepen PJ, Vermeulen FE: A 23-year experience
with composite valve graft replacement of the aortic root. Ann Thorac Surg. 1999, 67:1070-7.
10.1016/s0003-4975(99)00162-9

3. Celiento M, Ravenni G, Margaryan R, Ferrari G, Blasi S, Pratali S, Bortolotti U: The modified Bentall
procedure: a single-institution experience in 249 patients with a maximum follow up of 21.5 years. J Heart
Valve Dis. 2016, 25:448-55.

4. Sivakumar K, Sagar P: Post-Bentall ascending aortic pseudoaneurysm due to coronary button dehiscence .
Ann Thorac Surg. 2021, 111:e161-4. 10.1016/j.athoracsur.2020.05.184

5. Mayr B, Alalawi Z, Ziegelmüller JA, Nöbauer C, Krane M, Lange R, Voss B: Aortic pseudoaneurysm repair
after Bentall procedure using the IntraClude device. J Card Surg. 2020, 35:3617-9. 10.1111/jocs.15083

6. Celiento M, Levantino M, Guarracino F, Bortolotti U: Huge aortic pseudoaneurysm due to detachment of
both coronary buttons after the modified Bentall procedure. Eur J Cardiothorac Surg. 2016, 49:1530.
10.1093/ejcts/ezv273

7. Sabatino ME, Laraia KN, Yang N, Lee LY: Aortic pseudoaneurysm with fistulization to the right atrium: a
case report. JTCVS Tech. 2022, 12:23-4. 10.1016/j.xjtc.2022.01.011

8. Song L, Tao C, Xu M, Tao L: Life-threatening giant pseudoaneurysm after Bentall operation in patient with
Takayasu arteritis. Ann Thorac Surg. 2020, 110:e151. 10.1016/j.athoracsur.2019.09.071

9. Saul D, Kandula V, Donuru A, Pizarro C, Harty MP: Large aortic pseudoaneurysm after Bentall procedure in
a patient with Marfan's syndrome. Ann Pediatr Cardiol. 2022, 15:314-6. 10.4103/apc.apc_113_21

10. Sousa J, Oliveira-Pinto J, Soares T, Lachat M, Teixeira J: Symptomatic distal anastomotic pseudo-aneurysm
after the Bentall procedure successfully treated by supra-aortic trunk debranching and zone 0 thoracic
endovascular aneurysm repair. EJVES Vasc Forum. 2020, 47:90-6. 10.1016/j.ejvssr.2019.12.003

11. Quin EM, Kerut EK, Brown AP, Fox ER: Aortic pseudoaneurysm of a Bentall composite valve graft associated
with acute cocaine ingestion. Echocardiography. 2006, 23:886-9. 10.1111/j.1540-8175.2006.00333.x

12. Fadel BM, Abdulbaki K, Nambiar V, Al Amri M, Hasan W, Shahid M, Al-Halees Z: Aortic pseudoaneurysm
with fistulization into the pulmonary artery: a cause of refractory heart failure after bentall procedure. J Am
Soc Echocardiogr. 2007, 20:438.e5-8. 10.1016/j.echo.2006.10.025

13. Hanak V, Troubil M, Santavy P, Lonsky V: Pseudoaneurysm of the ascending aorta following Bentall
procedure. J Cardiovasc Dis Diagn. 2016, 4:254-6. 10.4172/2329-9517.1000254

2023 Nguyen et al. Cureus 15(6): e40144. DOI 10.7759/cureus.40144 4 of 4

javascript:void(0)
https://dx.doi.org/10.1016/s0003-4975(03)00015-8
https://dx.doi.org/10.1016/s0003-4975(03)00015-8
https://dx.doi.org/10.1016/s0003-4975(99)00162-9
https://dx.doi.org/10.1016/s0003-4975(99)00162-9
https://pubmed.ncbi.nlm.nih.gov/28009948/
https://dx.doi.org/10.1016/j.athoracsur.2020.05.184
https://dx.doi.org/10.1016/j.athoracsur.2020.05.184
https://dx.doi.org/10.1111/jocs.15083
https://dx.doi.org/10.1111/jocs.15083
https://dx.doi.org/10.1093/ejcts/ezv273
https://dx.doi.org/10.1093/ejcts/ezv273
https://dx.doi.org/10.1016/j.xjtc.2022.01.011
https://dx.doi.org/10.1016/j.xjtc.2022.01.011
https://dx.doi.org/10.1016/j.athoracsur.2019.09.071
https://dx.doi.org/10.1016/j.athoracsur.2019.09.071
https://dx.doi.org/10.4103/apc.apc_113_21
https://dx.doi.org/10.4103/apc.apc_113_21
https://dx.doi.org/10.1016/j.ejvssr.2019.12.003
https://dx.doi.org/10.1016/j.ejvssr.2019.12.003
https://dx.doi.org/10.1111/j.1540-8175.2006.00333.x
https://dx.doi.org/10.1111/j.1540-8175.2006.00333.x
https://dx.doi.org/10.1016/j.echo.2006.10.025
https://dx.doi.org/10.1016/j.echo.2006.10.025
https://dx.doi.org/10.4172/2329-9517.1000254
https://dx.doi.org/10.4172/2329-9517.1000254

	Right Coronary Artery Button Pseudoaneurysm After the Modified Bentall Procedure
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Preoperative computed tomography angiography of the chest.
	FIGURE 2: Intraoperative transesophageal echocardiogram images.
	FIGURE 3: Illustration of the right coronary artery button before repair.

	Discussion
	Conclusions
	Additional Information
	Disclosures
	Acknowledgements

	References


