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Multimodality imaging is the basis of the diagnosis, follow-up, and surgical management of bicuspid aortic valve
(BAV) patients.

bicuspid aortic valve echocardiography computed tomography

| 1. Introduction

Bicuspid aortic valve (BAV) is the most common congenital heart disease, with a reported prevalence of 0.8-1.5%
[1[2 and a male predominance of nearly 3:1. It is considered to be a valvulo-aortopathy characterized by a large
individual heterogeneity, both at the valvular and aorta level, but also in the possible associated disorders,
complications, and prognoseis Bl4!, The most frequent complication of the BAV condition in adults is aortic valvular
dysfunction, more frequently in the form of severe aortic stenosis (AS), needing surgical aortic repair or AV
replacement (AVR) (population-based 25-year risk of AVR is up to 50%) . The second most frequent
complication, especially in those above 60 years-old, is ascending aorta dilation. However, the important
heterogeneity in terms of the pattern of aortic dilation described in the complete BAV cohort is possible
heterogeneity in the molecular, rheologic, and clinical features RIEIIBIE],

| 2. Diagnosis and Bicuspid Aortic Valve (BAV) Phenotype

Transthoracic echocardiography (TTE) is the first imaging tool to diagnose the presence of BAV, given its accuracy
in 80-90% of cases . Nevertheless, there are some limitations we should take into account, like the extensively-
calcified valve, poor visualization of the valve, or the distal ascending aorta. Other imaging technigues such as
computed tomography (CT) or cardiac magnetic resonance (CMR) may solve these drawbacks. Transesophageal
echocardiography (TEE) is also useful for detecting BAV; however, we must remember it is semi-invasive and it

also has some limitations in order to assess the upper part of the ascending aorta and the proximal arch.

The BAV phenotypic expression represents an anatomic continuum of increasing non-fused cusp commissural
angles and increasing similarity of cusp size and shape. This spectrum goes from the partial-fusion BAV (very near
to a tricuspid aortic valve) to other phenotypes such us those asymmetric fused, symmetric fused phenotypes with
and without a raphe, and finally to the two-sinus BAV, which is considered the most severe defect and is
anatomically close to perfect “bicuspidity” 29, The best view of the phenotype BAV is the TTE parasternal short-

axis or its equivalent in TEE, CT, or CMR (Figure 1).
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Figure 1. Most frequent types of BAV by TTE. (A) BAV without raphe type antero—posterior; (B) RC-LC fusion with
raphe (arrow); (C) RC—-NC fusion with raphe (arrow).

The most common type of BAV is the fused one (90-95% of the cases) (2. This is described as two of the three
cusps appearing fused within three aortic sinuses, resulting in two functional cusps commonly different in shape
and size. A congenital fibrous ridge is often described between the fused cusps, and it is what we know as “raphe”.
The most frequent BAV phenotype is the one with right-left (R-L) fusion, considered to be present in 75% of the
cohort. This is followed by the right—-non-coronary (R—N) fusion (20-25%), and finally the left-non (L—N) fusion
(<3%). The two-sinus BAV type is uncommon and accounts for approximately 5-7% of cases. In contrast to the
fused type, the two-sinus BAV appearance suggests that two roughly equal size-shape cusps, each cusp
occupying 180 degrees of the annular circumference, are “formed” within only two aortic sinuses, resulting in a two-
sinus/two-cusp valve 11 with a latero—lateral (side-to-side) or antero—posterior (front-and-back) position. The
presence of an incomplete fusion of two leaflets (mini-raphe) cannot be easily visualized by TTE 22 (Figure 2). In
these cases, we should use other techniques such as TEE and CT. This mini-raphe has been considered to be

involved in aorta dilation [3],

Figure 2. BAV with partial fusion (forma frustre). Arrows show the mini raphe by CT (A) and by TEE (B).

In order to solve the limitations of the TTE, CMR and CT are very useful in the morphologic valve evaluation when
it is heavily calcified, and can readily assess aorta diameters 24, CT can quantify the valve calcification, which can

help clinicians to evaluate valve stenosis severity. The multiplanar reconstructions permit CMR and CT to precisely
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assess the aortic diameters 1311261 Although CT offers a higher spatial resolution, CMR provides information of the
valvular dysfunction and left ventricular function. Cine images (SSFP sequences) can be used for measuring the
luminogram of the aorta, particularly in the aortic root, owing the valvular plane movement. Aorta diameters should
be measured in double oblique technique) 7 (Figure 3). Screening for coarctation should be performed in BAV

patients, however CMR on the first echo is the preferred technique in younger patients in order to avoid radiation.

Figure 3. BAV by CT showing left-right fusion with raphe calcification and mild non-coronary sigmoid edge
calcification (A); CMR showing two-sinus anteroposterior BAV (B); double obliquity image for measuring the
maximum diameter of the aortic root by CT (C); thoracic aorta diameters by angio-CMR sagittal projection; the right

upper part shows the aortic root section obtained with double obliquity image (D).

| 3. Familial Screening

BAV is diagnosed in 4.6—-11% of first-degree relatives (FDR) [8I121[201121] \joreover, the frequency of aorta dilation
in FDR is nearly 10% in those with tricuspid aortic valves. In a recent publication by our group, we reported the
presence of a mini-raphe by CT in 41% of cases with aorta dilation in FDR and an apparent absence of BAV by
TTE [22, and further studies demonstrate that, compared with BAV and tricuspid valve patients, the presence of a
mini-raphe is associated with ascending aorta flow pattern alterations with increased flow eccentricity and

increased vorticity 13, These data are in favor of the screening in the FDR of BAV patients.

| 4. Valvular Dysfunction

In adult patients with BAV, the most frequent complication is valvular dysfunction, commonly known as aortic

stenosis (AS), which necessitates surgical aortic valve replacement (AVR) or repair Bl23l24] TTE is the technique
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of choice in the diagnosis and quantification of aortic valve dysfunction. The subtype with a lower prevalence of
valvular dysfunction is pure BAV without raphe. This subgroup showed both a lower prevalence of AS, as well as of
aortic regurgitation (AR), in a large international registry that included 2118 patients (22, If we differentiate in terms

of age, AR has been described to be more frequent in young individuals, and AS more frequent in the older ones
26]

4.1. Valve Calcification

BAV calcification has been associated with inflammatory processes mediated by hemodynamic, molecular, and
genetic factors (£, Calcification is usually localized in the raphe, and it is considered to be a risk factor for
developing valve degeneration and aortic stenosis (AS). Stenotic calcification of a BAV could appear more than ten
years earlier than in those with the tricuspid aortic valve. It is related to conventional cardiovascular risk factors. An
echocardiographic semiquantitative score for aortic valve calcification has been validated 28, CT calcium scoring is
useful for valve stenosis quantification in doubtful cases. In a large crossectional study of 852 BAV [28] patients, we
found age, arterial hypertension, dyslipidemia, smoking, and the BAV-RN morphotype to be associated with aortic

valve calcification. However, CT score was not associated with valve phenotype 29,

4.2. Aortic Stenosis

Adults diagnosed with BAV have a clear increased risk of developing AS, usually secondary to leaflet calcification.
Previous studies have showed that over 15 years of follow up, 12.3% of the cohort required aortic valve
replacement for severe AS [23]. In our daily practice, TTE is the most used technique for evaluating the presence of
this complication, and for guiding appropriate management. AS quantification is based on the same parameters of
tricuspid valves (Figure 4). We must remember that the aortic valve area may be significantly underestimated by
TTE owing to underestimation of aortic annulus measurement. However, the use of CTA may correct these

underestimations [,

Figure 4. Severe aortic stenosis in BAV with severe calcification (arrows) (A); the mean gradient by continuous-

wave Doppler is 48 mmHg (B).
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Although in some studies it has been suggested that AS progresses faster in BAV than in the tricuspid aortic valve
[291 4 recent large study by Michelena et al. B showed that BAV and tricuspid aortic valve stenosis have similar
progression rates, with evidence of accelerated progression (non-linearity) in those attaining severe AS.
Determinants of rapid progression in BAV-AS, again, are modifiable cardiovascular risk factors, particularly for

patients with BAV who are <60 years of age.

4.3. Aortic Regurgitation

Valvular dysfunction as AR is more frequent in younger patients, but also in males 2. Although its prevalence
ranges between 47% and 64%, moderate—severe grade appears in less than 30% of individuals [223](241[25](26](33]
Annular dilation and cusp prolapse or retraction is the most common underlying cause of chronic regurgitation,
acting either alone or in combination B4, The evaluation of AR severity in BAV by TTE is challenging, given that
eccentric jets are common. In some cases, CMR may be superior to TTE for quantifying AR (Figure 5) 33381 The
CMR phase contrast is accurate and reproducible in AR assessment with the estimation of the regurgitant volume

and regurgitant fraction. We labelled a regurgitant fraction of more than 30% as severe 7,

Figure 5. Severe aortic regurgitation in a BAV. (A) Eccentric jet in parasternal long axis-view (arrow). (B) The
short-axis view shows the elliptic shape of the regurgitant orifice (arrows) in the aortic annulus (circle). Ao—aorta;

LV—Ieft ventricle.

References

1. Michelena, H.l.; Prakash, S.K.; Corte, A.D.; Bissell, M.M.; Anavekar, N.; Mathieu, P.; Bosse, Y.;
Limongelli, G.; Bossone, E.; Benson, D.W.; et al. Bicuspid aortic valve identifying knowledge gaps
and rising to the challenge from the international bicuspid aortic valve consortium (BAVCON).
Circulation 2014, 129, 2691-2704.

https://encyclopedia.pub/entry/19145 5/9



Multimodality Imaging | Encyclopedia.pub

10.

11.

12.

. Michelena, H.I.; Della Corte, A.; Prakash, S.K.; Milewicz, D.M.; Evangelista, A.; Enriquez-Sarano,

M. Bicuspid aortic valve aortopathy in adults: Incidence, etiology, and clinical significance. Int. J.
Cardiol. 2015, 201, 400-407.

. Michelena, H.1.; Khanna, A.D.; Mahoney, D.; Margaryan, E.; Topilsky, Y.; Suri, R.M.; Eidem, B.;

Edwards, W.D.; Sundt, T.M., 3rd; Enriquez-Sarano, M. Incidence of aortic complications in
patients with bicuspid aortic valves. JAMA 2011, 306, 1104-1112.

. Michelena, H.l.; Katan, O.; Suri, R.M.; Baddour, L.M.; Enriquez-Sarano, M. Incidence of Infective

Endocarditis in Patients With Bicuspid Aortic Valves in the Community. Mayo Clin. Proc. 2016, 91,
122-123.

. Girdauskas, E.; Borger, M.A.; Secknus, M.-A.; 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. Cardio-Thoracic Surg. Off. J. Eur. Assoc. Cardio-
Thoracic Surg. 2011, 39, 809-814.

. Barker, A.J.; Markl, M.; Burk, J.; Lorenz, R.; Bock, J.; Bauer, S.; Schulz-Menger, J.; von

Knobelsdorff-Brenkenhoff, F. Bicuspid aortic valve is associated with altered wall shear stress in
the ascending aorta. Circ. Cardiovasc. Imaging 2012, 5, 457-466.

. Hope, M.D.; Hope, T.A.; Meadows, A.K.; Ordovas, K.G.; Urbania, T.H.; Alley, M.T.; Higgins, C.B.

Bicuspid aortic valve: Four-dimensional MR evaluation of ascending aortic systolic flow patterns.
Radiology 2010, 255, 53-61.

. Tadros, T.M.; Klein, M.D.; Shapira, O.M. Ascending aortic dilatation associated with bicuspid aortic

valve: Pathophysiology, molecular biology, and clinical implications. Circulation 2009, 119, 880—
890.

. Schaefer, B.M.; Lewin, M.B.; Stout, K.K.; Gill, E.; Prueitt, A.; Byers, P.H.; Otto, C.M. The bicuspid

aortic valve: An integrated phenotypic classification of leaflet morphology and aortic root shape.
Heart 2008, 94, 1634-1638.

Michelena, H.l.; Della Corte, A.; Evangelista, A.; Maleszewski, J.J.; Enriquez-Sarano, M.; Bax,
J.J.; Otto, C.M.; Schéfers, H.-J. Speaking a common language: Introduction to a standard
terminology for the bicuspid aortic valve and its aortopathy. Prog. Cardiovasc. Dis. 2020, 63, 419—
424,

Michelena, H.l.; Chandrasekaran, K.; Topilsky, Y.; Messika-Zeitoun, D.; Della Corte, A.;
Evangelista, A.; Schafers, H.-J.; Enriquez-Sarano, M. The Bicuspid Aortic Valve Condition: The
Critical Role of Echocardiography and the Case for a Standard Nomenclature Consensus. Prog.
Cardiovasc. Dis. 2018, 61, 404-415.

Sperling, J.S.; Lubat, E. Forme fruste or “Incomplete” bicuspid aortic valves with very small
raphes: The prevalence of bicuspid valve and its significance may be underestimated. Int. J.

https://encyclopedia.pub/entry/19145 6/9



Multimodality Imaging | Encyclopedia.pub

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Cardiol. 2015, 184, 1-5.

Guala, A.; Rodriguez-Palomares, J.; Galian-Gay, L.; Teixido-Tura, G.; Johnson, K.M.; Wieben, O.;
Sao Aviles, A.; Evangelista, A. Partial Aortic Valve Leaflet Fusion Is Related to Deleterious
Alteration of Proximal Aorta Hemodynamics. Circulation 2019, 139, 2707-2709.

Gleeson, T.G.; Mwangi, |.; Horgan, S.J.; Cradock, A.; Fitzpatrick, P.; Murray, J.G. Steady-state
free-precession (SSFP) cine MRI in distinguishing normal and bicuspid aortic valves. J. Magn.
Reson. Imaging 2008, 28, 873-878.

Clavel, M.-A.; Pibarot, P.; Messika-Zeitoun, D.; Capoulade, R.; Malouf, J.; Aggarval, S.; Araoz,
P.A.; Michelena, H.l.; Cueff, C.; Larose, E.; et al. Impact of aortic valve calcification, as measured
by MDCT, on survival in patients with aortic stenosis: Results of an international registry study. J.
Am. Coll. Cardiol. 2014, 64, 1202-1213.

Dux-Santoy, L.; Rodriguez-Palomares, J.F.; Teixid6-Tura, G.; Ruiz-Mufoz, A.; Casas, G.; Valente,
F.; Servato, M.L.; Galian-Gay, L.; Gutiérrez, L.; Gonzalez-Alujas, T.; et al. Registration-based
semi-automatic assessment of aortic diameter growth rate from contrast-enhanced computed
tomography outperforms manual quantification. Eur. Radiol. 2021.

Goldstein, S.A.; Evangelista, A.; Abbara, S.; Arai, A.; Asch, F.M.; Badano, L.P.; Bolen, M.A;;
Connolly, H.M.; Cuellar-Calabria, H.; Czerny, M.; et al. Multimodality imaging of diseases of the
thoracic aorta in adults: From the American Society of Echocardiography and the European
Association of Cardiovascular Imaging: Endorsed by the Society of Cardiovascular Computed
Tomography and Society for Cardiova. J. Am. Soc. Echocardiogr. 2015, 28, 119-182.

Baumgartner, H.; Falk, V.; Bax, J.J.; De Bonis, M.; Hamm, C.; Holm, P.J.; lung, B.; Lancellotti, P.;
Lansac, E.; Rodriguez Mufioz, D.; et al. 2017 ESC/EACTS Guidelines for the management of
valvular heart disease. Eur. Heart J. 2017, 38, 2739-2791.

Huntington, K.; Hunter, A.G.; Chan, K.L. A prospective study to assess the frequency of familial
clustering of congenital bicuspid aortic valve. J. Am. Coll. Cardiol. 1997, 30, 1809-1812.

Robledo-Carmona, J.; Rodriguez-Baildn, I.; Carrasco-Chinchilla, F.; Fernandez, B.; Jiménez-
Navarro, M.; Porras-Martin, C.; Montiel-Truijillo, A.; Garcia-Pinilla, J.M.; Such-Martinez, M.; De
Teresa-Galvan, E. Hereditary patterns of bicuspid aortic valve in a hundred families. Int. J.
Cardiol. 2013, 168, 3443—-3449.

Biner, S.; Rafique, A.M.; Ray, |.; Cuk, O.; Siegel, R.J.; Tolstrup, K. Aortopathy is prevalent in
relatives of bicuspid aortic valve patients. J. Am. Coll. Cardiol. 2009, 53, 2288-2295.

Galian-Gay, L.; Carro Hevia, A.; Teixido-Tura, G.; Rodriguez Palomares, J.; Gutiérrez-Moreno, L.;
Maldonado, G.; Gonzalez-Alujas, M.T.; Sao-Aviles, A.; Gallego, P.; Calvo-Iglesias, F.; et al.
Familial clustering of bicuspid aortic valve and its relationship with aortic dilation in first-degree
relatives. Heart 2019, 105, 603—-608.

https://encyclopedia.pub/entry/19145 7/9



Multimodality Imaging | Encyclopedia.pub

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Tzemos, N.; Therrien, J.; Yip, J.; Thanassoulis, G.; Tremblay, S.; Jamorski, M.T.; Webb, G.D.; Siu,
S.C. Outcomes in adults with bicuspid aortic valves. JAMA—J. Am. Med. Assoc. 2008, 300,
1317-1325.

Masri, A.; Svensson, L.G.; Griffin, B.P.; Desai, M.Y. Contemporary natural history of bicuspid
aortic valve disease: A systematic review. Heart 2017, 103, 1323-1330.

Kong, W.K.F.; Delgado, V.; Poh, K.K.; Regeer, M.V.; Ng, A.C.T.; McCormack, L.; Yeo, T.C.;
Shanks, M.; Parent, S.; Enache, R.; et al. Prognostic Implications of Raphe in Bicuspid Aortic
Valve Anatomy. JAMA Cardiol. 2017, 2, 285-292.

Evangelista, A.; Gallego, P.; Calvo-lglesias, F.; Bermejo, J.; Robledo-Carmona, J.; Sanchez, V.;
Saura, D.; Arnold, R.; Carro, A.; Maldonado, G.; et al. Anatomical and clinical predictors of valve
dysfunction and aortic dilation in bicuspid aortic valve disease. Heart 2018, 104, 566-573.

Mathieu, P.; Bossé, Y.; Huggins, G.S.; Della Corte, A.; Pibarot, P.; Michelena, H.I.; Limongelli, G.;
Boulanger, M.-C.; Evangelista, A.; Bédard, E.; et al. The pathology and pathobiology of bicuspid
aortic valve: State of the art and novel research perspectives. J. Pathol. Clin. Res. 2015, 1, 195-
206.

Yousry, M.; Rickenlund, A.; Petrini, J.; Jenner, J.; Liska, J.; Eriksson, P.; Franco-Cereceda, A.;
Eriksson, M.J.; Caidahl, K. Aortic valve type and calcification as assessed by transthoracic and
transoesophageal echocardiography. Clin. Physiol. Funct. Imaging 2015, 35, 306—313.

Choi, B.H.; Ko, S.M.; Shin, J.K.; Chee, H.K.; Kim, J.S.; Kim, J. Association between aortic valvular
calcification and characteristics of the aortic valve in patients with bicuspid aortic valve stenosis.
Acta Radiol. 2019, 60, 468-477.

Shen, M.; Tastet, L.; Capoulade, R.; Arsenault, M.; Bédard, E.; Clavel, M.-A.; Pibarot, P. Effect of
bicuspid aortic valve phenotype on progression of aortic stenosis. Eur. Heart J. Cardiovasc.
Imaging 2020, 21, 727-734.

Yang, L.-T.; Boler, A.; Medina-Inojosa, J.R.; Scott, C.G.; Maurer, M.J.; Eleid, M.F.; Enriquez-
Sarano, M.; Tribouilloy, C.; Michelena, H.I. Aortic Stenosis Progression, Cardiac Damage, and
Survival: Comparison Between Bicuspid and Tricuspid Aortic Valves. JACC Cardiovasc. Imaging
2021, 14, 1113-1126.

Kong, W.K.F.; Regeer, M.V.; Ng, A.C.T.; McCormack, L.; Poh, K.K.; Yeo, T.C.; Shanks, M.; Parent,
S.; Enache, R.; Popescu, B.A.; et al. Sex Differences in Phenotypes of Bicuspid Aortic Valve and
Aortopathy: Insights from a Large Multicenter, International Registry. Circ. Cardiovasc. Imaging
2017, 10, e005155.

Michelena, H.1.; Suri, R.M.; Katan, O.; Eleid, M.F,; Clavel, M.-A.; Maurer, M.J.; Pellikka, P.A.;
Mahoney, D.; Enriguez-Sarano, M. Sex Differences and Survival in Adults With Bicuspid Aortic

https://encyclopedia.pub/entry/19145 8/9



Multimodality Imaging | Encyclopedia.pub

34.

35.

36.

37.

Valves: Verification in 3 Contemporary Echocardiographic Cohorts. J. Am. Heart Assoc. 2016, 5,
e004211.

Yang, L.-T.; Michelena, H.l.; Maleszewski, J.J.; Schaff, H.V.; Pellikka, P.A. Contemporary
Etiologies, Mechanisms, and Surgical Approaches in Pure Native Aortic Regurgitation. Mayo Clin.
Proc. 2019, 94, 1158-1170.

Myerson, S.G.; d’Arcy, J.; Mohiaddin, R.; Greenwood, J.P.; Karamitsos, T.D.; Francis, J.M.;
Banning, A.P.; Christiansen, J.P.; Neubauer, S. Aortic regurgitation quantification using
cardiovascular magnetic resonance: Association with clinical outcome. Circulation 2012, 126,
1452-1460.

Kammerlander, A.A.; Wiesinger, M.; Duca, F.; Aschauer, S.; Binder, C.; Zotter Tufaro, C.; Nitsche,
C.; Badre-Eslam, R.; Schonbauer, R.; Bartko, P.; et al. Diagnostic and Prognostic Utility of
Cardiac Magnetic Resonance Imaging in Aortic Regurgitation. JACC Cardiovasc. Imaging 2019,
12, 1474-1483.

Spampinato, R.A.; Jahnke, C.; Paetsch, I.; Hilbert, S.; Lébe, S.; Lindemann, F.; Strotdrees, E.;
Hindricks, G.; Borger, M.A. Grading of aortic regurgitation by cardiovascular magnetic resonance
and pulsed Doppler of the left subclavian artery: Harmonizing grading scales between imaging
modalities. Int. J. Cardiovasc. Imaging 2020, 36, 1517-1526.

Retrieved from https://encyclopedia.pub/entry/history/show/45530

https://encyclopedia.pub/entry/19145 9/9



