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Aortic valve replacement in a
bicuspid aortic valve patient
followed by reoperation
for ascending aorta rupture:
a case report
Yuehang Yang1, Xinyi Liu2, Junwei Liu1, Jiawei Shi1*†

and Huadong Li1*†

1Department of Cardiovascular Surgery, Union Hospital, Tongji Medical College, Huazhong University
of Science and Technology, Wuhan, China, 2Department of Cardiovascular Surgery, Beijing Anzhen
Hospital, Capital Medical University, Beijing, China
Bicuspid aortic valve (BAV), the most common congenital cardiac anomaly,
predisposes individuals to aortic stenosis and regurgitation due to valve
degeneration. Abnormal hemodynamics, arterial wall characteristics, and
genetic factors contribute to ascending aorta dilatation, potentially leading to
severe complications like aortic dissection. Presently, the most recent
guidelines propose that individuals with BAV requiring valve replacement due
to valve dysfunction should undergo simultaneous replacement of the
ascending aorta when the diameter of aortic dilatation exceeds 4.5 cm. A 60-
year-old female patient previously underwent mechanical aortic valve
replacement and ascending aortoplasty at our center due to aortic stenosis
and a 4.3 cm diameter ascending aorta. In the sixth postoperative year, she
was readmitted due to ascending aorta rupture, resulting in blood entering the
right atrium and causing acute right heart failure. We performed repair of the
rupture and concomitant ascending aorta replacement to prevent further
exacerbation of the patient’s condition.
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Introduction

The bicuspid aortic valve (BAV) represents a prevalent congenital malformation

arising from the fusion of the two aortic valve cusps in the trileaflet aortic valve (TAV).

Apart from the symptoms attributable to the valve, such as stenosis and valvular

insufficiency, the presence of abnormal hemodynamics amplifies the risk of aortic

dilatation by 86% (1). According to research statistics, although the overall incidence of

aortic dissection in patients with BAV is relatively low, it remains significantly higher

than in the general population (2). Consequently, in individuals who present with BAV

along with ascending aortic dilatation, determining the optimal timing and surgical

approach is highly important. Previous research findings indicate that following aortic

valve replacement in BAV patients, the probability of aortic expansion diminishes,

approaching that observed in TAV patients. Simultaneously, the prevailing perspective

regarding aortic replacement in BAV patients currently tends toward a conservative
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approach. Aortic replacement is deemed reasonable only in

situations where the BAV is coupled with valvular dysfunction

requiring valve replacement and the diameter of aortic dilatation

exceeds 4.5 cm (3). We report a rare case of rupture of the

ascending aorta into the right atrium at 6 years after aortic valve

replacement and ascending aortoplasty.
Case description

A 66-year-old female patient was identified six years ago with

adhesions at the junction of the left and right coronary valves of

the trileaflet aortic valve, resulting in a bicuspid deformity and

severe stenosis of the aortic valve. Simultaneously, there was

concurrent aneurysmal dilatation of the ascending aorta. Upon

admission, the patient did not manifest any discernible

symptoms. During physical examination, her heart rate was

recorded at 84 beats per/minute, and her blood pressure was

measured at 143/101 mmHg. Transthoracic echocardiography

revealed an aortic valve opening area of approximately 0.9 cm², a

peak systolic flow rate of 4.5 m/s, a differential pressure gradient

of 82 mmHg, a left ventricular ejection fraction of 63%, a

proximal aortic diameter of approximately 4.3 cm, and normal

morphology and activity of the mitral and tricuspid valves.

Aortic computed tomography angiography (CTA) results show

thickening of the aortic valve with minimal calcification and

dilation of the ascending aorta, with a diameter of 4.4 cm.

Additionally, mild stenosis was observed in the anterior

descending branch of the right coronary artery at the opening on

coronary arteriography. Following a clear surgical indication, we

considered performing mechanical aortic valve replacement

alongside ascending aortic replacement or ascending aortoplasty

for the patient. Ultimately, the patient chose ascending

aortoplasty due to personal factors. The surgery was performed

through a median sternotomy under moderate hypothermic

cardiopulmonary bypass. After cardiac arrest, the aortic valve was

excised through the aortic incision, and a mechanical valve

prosthesis was placed, confirming that the valve leaflets opened

and closed properly. A tapered resection of the dilated aortic wall

was performed along the aortic incision, and the aortic incision

was closed with a continuous suture using 5–0 Prolene thread.

Postoperative examination revealed optimal functioning of the

mechanical valve. Moreover, the ascending aorta exhibited

satisfactory flow. The patient was discharged 16 days postsurgery.

During the six-year follow-up period, the patient attended

regular outpatient reviews at our center, where laboratory tests

and transthoracic echocardiography results showed no significant

abnormalities. Coagulation function was maintained within the

acceptable range required after mechanical valve replacement.

Six years after the operation, the patient sought admission to

the emergency department of our hospital and presented with

intermittent chest tightness and pain, coupled with weakness and

dizziness. A transthoracic echocardiogram revealed a rupture on

the right posterior wall of the ascending aorta extending into the

right atrium. The ascending aorta exhibited aneurysmal dilation,

with a proximal diameter of approximately 5.1 cm, indicating
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slight expansion compared to six years ago. The mechanical

aortic valve exhibited normal function, characterized by systolic

blood flow without significant acceleration, a peak flow rate of

3.3 m/s, and a differential pressure gradient of 44 mmHg. The

left ventricular ejection fraction was measured at 65%.

Additionally, the patient presented with a combination of

moderately severe tricuspid insufficiency, moderate pulmonary

hypertension, and a moderate to large amount of systolic

regurgitant signal at the tricuspid orifice, featuring a peak flow

rate of 3.1 m/s and a pressure gradient of 39 mmHg. Upon

admission to the hospital, the patient underwent emergency

room CTA of the thoracic and abdominal aorta. Imaging

revealed limited bulging and protruding shadows measuring

approximately 38*18 mm at the right edge of the lower section of

the ascending aorta. The tip of this bulging structure was

suspected to be connected to the right atrium, which appears to

be flattened due to compression (Figures 1a,b), and a three-

dimensional CTA likewise showed a significant rupture at the

ascending aorta (Figure 1c). Moreover, the patient exhibited an

international normalized ratio of 2.54 s, a prothrombin time

of 24.9 s, and an elevated N-terminal pro-B-type natriuretic

peptide level of 4030.0 pg/ml. Ultimately, owing to acute right

heart failure resulting from the influx of blood from the

ascending aorta into the right atrium, the patient was

subsequently transferred to our cardiovascular surgery

department for further treatment.

Following the confirmation of the absence of contraindications

to surgery, we proceeded with ascending aortic replacement using

a median sternotomy combined with a right inguinal incision.

Subsequently, we initiated extracorporeal circulation by cannulation

through the femoral artery, superior vena cava, and inferior vena

cava. When circulatory arrest was achieved circulatory arrest

through whole-body mild hypothermia, the surgical procedure

commenced with removal of the pseudoaneurysm. Subsequently,

the right atrial rupture was meticulously closed. The proximal

portion of the ascending aorta was then trimmed, and the

concluding phase involved the execution of ascending aortic

replacement. Next, evaluation of tricuspid valve function was

carried out through a right atrial incision, and the water injection

test demonstrated the absence of discernible regurgitation.

Following the closure of the right atrial incision, we disengaged

from the extracorporeal circulation and meticulously closed the

thoracic cavity using layer-by-layer sutures. Intraoperative

transesophageal ultrasonography revealed unimpeded blood flow in

the artificial vessel after ascending aortic replacement, patent

coronary artery openings on both the right and left sides, and no

discernible abnormalities subsequent to the repair of the right

posterior wall breach of the ascending aorta. No discernible signal

was detected during the diastolic phase of the aortic valve.

Following the procedure, the patient was transferred to the

cardiac care unit.

On the second postoperative day, a bedside transthoracic

echocardiogram revealed the patent status of the artificial

ascending aortic vessel, with a peak systolic flow at the aortic

valve orifice measuring 2.6 m/s and a differential pressure

gradient of 27 mmHg. Moreover, there was a normalization of
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tricuspid valve morphology and activity. After the surgery, sections

of the patients’ aorta were subjected to pathological staining for

analysis. Hematoxylin-eosin staining (Figure 2a), Masson’s

trichrome staining (Figure 2b), and Verhoeff-van Gieson elastic

staining (Figure 2c) collectively revealed histological features

indicative of smooth muscle cell disorganization, accompanied by

a discernible decrease in elastin and collagen fiber density. Prior

to discharge, the patient demonstrated satisfactory cardiac

function without any cardiovascular complications. Subsequent

regular reviews at our outpatient clinic revealed no significant

abnormalities in the patient’s condition.
Discussion

BAV is a highly heritable autosomal dominant genetic

disorder, with disease progression, patients with BAV may
FIGURE 2

The postoperative patients’ aorta underwent pathological section staining
Verhoeff-van Gieson elastic staining (c) collectively revealed histological fe
by a discernible decrease in elastin and collagen fiber density.

FIGURE 1

The imaging tests conducted on patients after admission to the hospital.
abdominal aorta in both transverse (a) and longitudinal (b) sections sh
connecting to the right atrium as indicated by the red arrow. Three-dim
ascending aorta (c).
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experience aortic stenosis, aortic complications, infective

endocarditis, and congestive heart failure (4). Long-term follow-

up studies indicate that the probability of aortic dilation in

BAV patients can be as high as nearly 50% (5). Furthermore,

the risk of aortic aneurysm in BAV patients is significantly

higher than that in the general population (2). Studies confirm

that even without accompanying aortic valve stenosis or

regurgitation, ascending aortic dilatation can be an early

complication in BAV patients, which explains why ascending

aortic dilatation can occur as early as the fetal period in these

patients (6). A considerable percentage of individuals

necessitating aortic valve replacement concurrently exhibit

dilatation of the ascending aorta. If left unaddressed, this

condition may give rise to potentially fatal aortic adverse

events, as indicated by pertinent research findings (7). Winkler

et al. paired 120 patients who underwent simple aortic valve

replacement with 40 patients who underwent aortic valve
. Hematoxylin-eosin staining (a), Masson’s trichrome staining (b), and
atures indicative of smooth muscle cell disorganization, accompanied

Preoperative computed tomography angiography of the thoracic and
owed a significant rupture at the ascending aorta, with the rupture
ensional CTA with red arrows also shows a significant rupture in the
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replacement along with ascending aortic replacement, employing

a propensity score matching ratio of 3:1. Their conclusive findings

assert that the amalgamation of ascending aortic replacement

does not augment surgical morbidity or mortality rates (8). In a

parallel fashion, Idrees et al. employed propensity scores to pair

647 sets of patients, revealing that the execution of prophylactic

aortic replacement concurrently with cardiac surgery involving

mild concomitant aortic disease does not increase the risk of

mortality (9). This outcome substantiates the safety associated

with simultaneous aortic replacement during heart valve

surgery. Furthermore, aortic lesions in patients with BAV

exhibit abnormal hemodynamics and are predisposed to evolve

into dilated aortic lesions in a more pronounced manner than

those in TAV patients (10, 11). According to the 2022

American College of Cardiology/American Heart Association

guidelines, surgical replacement of the ascending aorta is

recommended for individuals with BAV and an aortic diameter

equal to or exceeding 5.5 cm. Simultaneously, the guidelines

posit that concurrent replacement of the ascending aorta is

deemed a reasonable course of action for patients, necessitating

valve replacement due to valve dysfunction, provided that the

aortic diameter reaches or exceeds 4.5 cm (12). Nonetheless,

empirical evidence has demonstrated that a substantial number

of acute type A aortic dissections manifest at dimensions below

the aforementioned threshold. Ascending aortic replacement

may be considered in patients with BAV combined with

ascending aortic dilatation, even if the aortic diameter is less

than 5.0 cm (13). Moreover, magnetic resonance imaging

studies have conclusively revealed a significantly greater

prevalence of both ascending aortic diameter and ascending

aortic dilatation in patients diagnosed with BAV than in those

diagnosed with TAV (14). Investigations have indicated that

individuals with BAV exhibit thinner elastic lamellae in the

aorta along with a greater interlamellar distance when

juxtaposed with patients harboring TAV (15). These structural

distinctions may collectively contribute to accelerated

progression of aortic pathology and increased vulnerability to

adverse aortic events in individuals with BAV. The likelihood of

adverse aortic events following isolated aortic valve replacement

in individuals with mild to moderate ascending aortic dilatation

is relatively low (16). However, due to the potential for aortic

dissection following aortic dilation, prophylactic surgery

remains necessary (17). In summary, even if the ascending

aortic diameter in BAV patients has not reached the surgical

threshold, surgeons may still reasonably consider ascending

aortic replacement based on the individual patient’s condition

and actual clinical circumstances.

In accordance with the surgeon’s clinical expertise and

adherence to prevailing guideline criteria, none of the established

surgical thresholds for ascending aortic replacement were met.

Consequently, the chosen intervention involved aortic valve

replacement concomitant with ascending aortoplasty. While

ascending aortoplasty yields positive early-stage results, effectively
Frontiers in Cardiovascular Medicine 04
slowing aortic diameter growth, and has the advantages of being

safe and effective, with fewer complications and a lower mortality

rate, patients who undergo BAV still have problems with re-

expansion. Hence, a prolonged postoperative follow-up is

necessary (18, 19).

Individuals with BAV and concurrent ascending aortic

dilatation should undergo early surgical intervention. The

selection of appropriate surgical modalities and personalized

treatment plans is crucial for mitigating the risk of severe

complications. This case also reminds us that more aggressive

treatment of the dilated ascending aorta in practice may be a

more sustainable and wise choice.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Ethics statement

The studies involving humans were approved by the Ethics

Committee of Union Hospital, Tongji Medical College,

Huazhong University of Science and Technology. The studies

were conducted in accordance with the local legislation and

institutional requirements. The human samples used in this

study were acquired from primarily isolated as part of your

previous study for which ethical approval was obtained. Written

informed consent for participation was not required from the

participants or the participants’ legal guardians/next of kin in

accordance with the national legislation and institutional

requirements. Written informed consent was obtained from the

individual(s) for the publication of any potentially identifiable

images or data included in this article.
Author contributions

YY: Conceptualization, Data curation, Visualization, Writing –

original draft. XL: Conceptualization, Methodology, Writing –

review & editing. JL: Conceptualization, Methodology, Writing –

review & editing. JS: Conceptualization, Project administration,

Supervision, Writing – review & editing. HL: Conceptualization,

Project administration, Supervision, Writing – review & editing.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
frontiersin.org

https://doi.org/10.3389/fcvm.2024.1471686
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/


Yang et al. 10.3389/fcvm.2024.1471686
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated
Frontiers in Cardiovascular Medicine 05
organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.

1471686/full#supplementary-material
References
1. Broberg CS, Therrien J. Understanding and treating aortopathy in bicuspid aortic
valve. Trends Cardiovasc Med. (2015) 25:445–51. doi: 10.1016/j.tcm.2014.12.006

2. Michelena HI, Khanna AD, Mahoney D, Margaryan E, Topilsky Y, Suri RM, et al.
Incidence of aortic complications in patients with bicuspid aortic valves. JAMA. (2011)
306:1104–12. doi: 10.1001/jama.2011.1286

3. Borger MA, Fedak PWM, Stephens EH, Gleason TG, Girdauskas E, Ikonomidis
JS, et al. The American association for thoracic surgery consensus guidelines on
bicuspid aortic valve-related aortopathy: executive summary. J Thorac Cardiovasc
Surg. (2018) 156:473–80. doi: 10.1016/j.jtcvs.2017.10.161

4. Prakash SK, Michelena HI, Milewicz DM. Bicuspid aortic valve and thoracic
aortic disease: further evidence of clinically silent but deadly risk to family
members of affected individuals. Circulation. (2023) 148:648–50. doi: 10.1161/
CIRCULATIONAHA.123.065406

5. Tzemos N, Therrien J, Yip J, Thanassoulis G, Tremblay S, Jamorski MT, et al.
Outcomes in adults with bicuspid aortic valves. JAMA. (2008) 300:1317–25. doi: 10.
1001/jama.300.11.1317

6. Simpson JM, Pushparajah K. Dilatation of the aorta in bicuspid aortic valve
disease. Circ Cardiovasc Imaging. (2020) 13:e010448. doi: 10.1161/CIRCIMAGING.
120.010448

7. Kim HH, Lee S, Lee SH, Youn YN, Yoo KJ, Joo HC. The long-term fate of
ascending aorta aneurysm after wrapping versus replacement. J Thorac Cardiovasc
Surg. (2022) 164:463–74.e4. doi: 10.1016/j.jtcvs.2020.12.110

8. Winkler A, Puiu P, Krombholz-Reindl P, Votsch A, Steindl J, Neuner M, et al.
Impact of concomitant replacement of the ascending aorta in patients undergoing
aortic valve replacement on operative morbidity and mortality. Eur J Cardiothorac
Surg. (2022) 61:587–93. doi: 10.1093/ejcts/ezab420

9. Idrees JJ, Roselli EE, Blackstone EH, Lowry AM, Soltesz EG, Johnston DR, et al.
Risk of adding prophylactic aorta replacement to a cardiac operation. J Thorac
Cardiovasc Surg. (2020) 159:1669–78.e10. doi: 10.1016/j.jtcvs.2019.05.001

10. Girdauskas E, Borger MA, Secknus MA, Girdauskas G, Kuntze T. Is aortopathy
in bicuspid aortic valve disease a congenital defect or a result of abnormal
hemodynamics? A critical reappraisal of a one-sided argument. Eur J Cardiothorac
Surg. (2011) 39:809–14. doi: 10.1016/j.ejcts.2011.01.001
11. Nightingale M, Guzzardi DG, Barker AJ, Malaisrie SC, McCarthy PM, Markl M,
et al. Elastin integrity in bicuspid valve-associated aortopathy is associated with altered
biomechanical properties and influenced by age. Ann Cardiothorac Surg. (2022)
11:426–35. doi: 10.21037/acs-2022-bav-17

12. Isselbacher EM, Preventza O, Hamilton Black J 3rd, Augoustides JG, Beck AW,
Bolen MA, et al. 2022 ACC/AHA guideline for the diagnosis and management of
aortic disease: a report of the American heart association/American college of
cardiology joint committee on clinical practice guidelines. Circulation. (2022) 146:
e334–482. doi: 10.1161/CIR.0000000000001106

13. Kallenbach K, Sundt TM, Marwick TH. Aortic surgery for ascending aortic
aneurysms under 5.0 cm in diameter in the presence of bicuspid aortic valve. JACC
Cardiovasc Imaging. (2013) 6:1321–6. doi: 10.1016/j.jcmg.2013.08.009

14. Debl K, Djavidani B, Buchner S, Poschenrieder F, Schmid FX, Kobuch R, et al.
Dilatation of the ascending aorta in bicuspid aortic valve disease: a magnetic
resonance imaging study. Clin Res Cardiol. (2009) 98:114–20. doi: 10.1007/s00392-
008-0731-0

15. Bauer M, Pasic M, Meyer R, Goetze N, Bauer U, Siniawski H, et al.
Morphometric analysis of aortic media in patients with bicuspid and
tricuspid aortic valve. Ann Thorac Surg. (2002) 74:58–62. doi: 10.1016/S0003-4975
(02)03650-0

16. Girdauskas E, Disha K, Borger MA, Kuntze T. Long-term prognosis of ascending
aortic aneurysm after aortic valve replacement for bicuspid versus tricuspid aortic
valve stenosis. J Thorac Cardiovasc Surg. (2014) 147:276–82. doi: 10.1016/j.jtcvs.
2012.11.004

17. Hardikar AA, Marwick TH. Surgical thresholds for bicuspid aortic valve
associated aortopathy. JACC Cardiovasc Imaging. (2013) 6:1311–20. doi: 10.1016/j.
jcmg.2013.10.005

18. Liu S, Shi Y, Liu R, Tong M, Luo X, Xu J. Early prognosis of reduction ascending
aortoplasty in patients with aortic valve disease: a single Center’s experience. Ann
Thorac Surg. (2017) 103:511–6. doi: 10.1016/j.athoracsur.2016.06.005

19. Polvani G, Barili F, Dainese L, Topkara VK, Cheema FH, Penza E, et al.
Reduction ascending aortoplasty: midterm follow-up and predictors of redilatation.
Ann Thorac Surg. (2006) 82:586–91. doi: 10.1016/j.athoracsur.2006.03.025
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fcvm.2024.1471686/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2024.1471686/full#supplementary-material
https://doi.org/10.1016/j.tcm.2014.12.006
https://doi.org/10.1001/jama.2011.1286
https://doi.org/10.1016/j.jtcvs.2017.10.161
https://doi.org/10.1161/CIRCULATIONAHA.123.065406
https://doi.org/10.1161/CIRCULATIONAHA.123.065406
https://doi.org/10.1001/jama.300.11.1317
https://doi.org/10.1001/jama.300.11.1317
https://doi.org/10.1161/CIRCIMAGING.120.010448
https://doi.org/10.1161/CIRCIMAGING.120.010448
https://doi.org/10.1016/j.jtcvs.2020.12.110
https://doi.org/10.1093/ejcts/ezab420
https://doi.org/10.1016/j.jtcvs.2019.05.001
https://doi.org/10.1016/j.ejcts.2011.01.001
https://doi.org/10.21037/acs-2022-bav-17
https://doi.org/10.1161/CIR.0000000000001106
https://doi.org/10.1016/j.jcmg.2013.08.009
https://doi.org/10.1007/s00392-008-0731-0
https://doi.org/10.1007/s00392-008-0731-0
https://doi.org/10.1016/S0003-4975(02)03650-0
https://doi.org/10.1016/S0003-4975(02)03650-0
https://doi.org/10.1016/j.jtcvs.2012.11.004
https://doi.org/10.1016/j.jtcvs.2012.11.004
https://doi.org/10.1016/j.jcmg.2013.10.005
https://doi.org/10.1016/j.jcmg.2013.10.005
https://doi.org/10.1016/j.athoracsur.2016.06.005
https://doi.org/10.1016/j.athoracsur.2006.03.025
https://doi.org/10.3389/fcvm.2024.1471686
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Aortic valve replacement in a bicuspid aortic valve patient followed by reoperation for ascending aorta rupture: a case report
	Introduction
	Case description
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	Supplementary material
	References


