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ABSTRACT

Objective: We investigated the frequency of different bicuspid
aortic valve disease (BAV) phenotypes,the associated valvular
pathologies, and the aortopathy phenotypes, using 2-dimen-
sional (2D) transthoracic, 2D transesophageal echocardiogra-
phy (TEE) and 3-dimensional (3D) TEE.

Methods: A total of 154 patients with BAV were included. Five
BAV phenotypes were detected. To better define valvular pa-
thologies, binary classifications of BAV were used: BAV with
antero-posterior commisural line (BAV-AP) and right-left com-
missural line (BAV-RL). Aortopathy phenotype was classified
according to the involved tract(s).

Results: Of the patients, 53.2% had type 1, 16.2% type 2,
15.6% type 3, 1.3% type 4, and 13.6% had type 5 BAV. The
prevalence of BAV-AP and BAV-RL was 68.2% and 31.8%, re-
spectively. No difference was detected with respect to aortic re-
gurgitation between BAV-AP and BAV-RL (p=0.9), but the BAV-
RL group had an increased propensity to have a stenotic aortic
valve (p=0.003). The indexed aortic diameter was larger in
BAV-AP cases than BAV-RL at the sinus of Valsalva (p=0.008).
In patients with dilatation of the root and tubular portion, a pre-
dominance of BAV-AP versus BAV-RL was observed (85% vs
15%). A markedly low prevalence of the root phenotype (3.2%)
was observed. In 90.1% of the patients, 2D TEE was sufficient
to classify BAV phenotypes; further 3D imaging was needed in
9.9% of the cases.

Conclusion: There may be racial differences in the frequency
of valvular and aortopathy phenotypes in patients with BAV.
BAV phenotypes differ with respect to aortic stenosis and aor-
topathy phenotypes. TEE may have good diagnostic utility in
differentiating BAV phenotypes.

OzZET

Amac: Farkl bikispit aort kapak (BAK) fenotiplerinin dagilimi-
ni, kapak patolojilerini ve aortopati fenotiplerininin dagihmini
iki boyutlu (2B) transtorasik, 2B trans6zofajiyal ekokardiyog-
rafi (TOE) ve 3B TOE kullanarak arastirdik ve de bu inceleme-
lerin BAK fenotiplendirmesinde kullanim yerini degerlendirdik.
Yéntemler: BAK’lI 154 hasta calismaya alindi. Bes BAK fe-
notipi saptandi. Kapak patolojilerini daha iyi tanimlamak igin
ikili BAK siniflandirmasi su sekilde kullanildi: On-arka komis-
stir gizgisinin oldugu BAK-OA ve sag-sol komissir gizgisinin
oldugu BAV-SS. Aortopati fenotipleri tutulum olan kisimlara
gbre siniflandirildi.

Bulgular: Hastalarin %53.2’sinde tip 1, %16.2’sinde tip 2,
%15.6’sinda tip 3, %1.3’Unde tip 4 ve %13.6’sinda tip 5 BAK
alt tipi saptandi. BAK-OA ve BAK-SS’nin prevalansi sirasiyla
%68.2 ve %31.8 idi. BAK-OA ve BAK-SS, kapak patolojileri
acisindan karsilastirildiginda aort yetersizligi agisindan fark
yokken (p=0.9), BAK-SS grubunda daralmis bir kapak bulun-
durma egilimi daha yuksekti (p=0.003). Sinlsler duzeyinde
endekslenmis aort capi BAK-OA'da BAK-SS’ye gére daha ge-
nisti (p=0.008). K&k ve tubdler bélumin genisledigi hastalarda
BAK-OA saptanma sikli§i BAK-SS saptanma sikligina gére
daha yuksekti (%85’e karsi %15). BAK popllasyonumuzda
kok fenotipi (%3.2) belirgin olarak azdi. 2B TOE hastalarin
%90.1’inde BAK fenotipini belirleyebildi ve 3B goruntilemeye
olgularin %9.9’unda ihtiya¢ duyuldu.

Sonuc: BAK’lI hastalarda kapak ve aortopati fenotiplerinin
sikliginda irksal degisiklikler olabilir. BAK fenotipleri aort dar-
g1 ve aortopati acisindan farkliliklar géstermektedir. BAK fe-
notipini belirlemede TTE’nin diisik yararina karsin TOE iyi bir
tanisal fayda saglayabilir.
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causes dilatation in the aorta, it is referred to as bicus-
pid aortopathy.”! The disease represents a heteroge-
neous spectrum, leading to difficulties in the interpre-
tation of follow-up and treatment options.* Genetic
factors and racial and gender differences may contrib-
ute to this heterogeneity.”’ BAV has been divided into
subgroups according to the orientation of the commis-
sures and valve fusion patterns to determine the un-
derlying reasons for the involvement of different seg-
ments of the aorta and to identify those patients with a
tendency to develop valvular pathologies. In a few tri-
als, on the basis of commissural orientation and cusp
position in transthoracic echocardiography (TTE) im-
ages, binary classifications of BAV phenotypes were
used.®” A recent trial demonstrated 5 different BAV
phenotypes.®! TTE is the first-line imaging modality
used for the diagnosis of BAV. It provides data regard-
ing concomitant aortic and valvular pathologies; how-
ever, in some patients, limited resolution may prevent
making a definite diagnosis or a clearer classification
of BAV phenotype. A few investigators have used
multidetector computed tomography (MDCT) to bet-
ter determine valvular phenotypes in BAV.®! Trans-
esophageal echocardiography (TEE) provides better
resolution and diagnostic accuracy than does TTE
for BAV, leading to its acceptance as the mainstay
for BAV diagnosis by some experts.”'! It also may

Left ventricular

Multidetector computed
tomography

Sinus of Valsalva
Transesophageal
echocardiography

Transthoracic echocardiography
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have an advantage over TTE in differentiating BAV
phenotypes by clearly demonstrating the presence/
absence of a raphe, fusion of cusps, and detection of
the orientation of commissures and coronary ostia.
In some cases, 3-dimensional (3D) TEE rather than
2-dimensional (2D) TEE can lead to a definitive BAV
diagnosis and better defines the morphological details
of the aortic valve.!""-!

This study was an investigation of the frequency
of BAV phenotypes, the related valvular pathologies,
and the distribution of aortopathy phenotypes among
the different BAV phenotypes using 2D TTE, and 2D
and 3D TEE in a local Turkish cohort of BAV patients.
The performance of 2D TTE and the additional role of
3D TEE in phenotyping BAV were also assessed. Fur-
thermore, the concomitant congenital anomalies asso-
ciated with BAV and the utility of echocardiographic
imaging modalities in identifying BAV phenotypes
were examined.

METHODS

Between January 2014 and January 2016, 171 consec-
utive patients with suspected BAV or with a previous
diagnosis of BAV were evaluated. BAV was identi-
fied in 163 of these patients when only 2 cusps were
unequivocally identified in systole and diastole in the
short axis view with a clear “fish mouth” appearance
during systole on TTE, and the diagnosis was veri-
fied. The BAV phenotype was determined by TEE,
or less commonly, by cardiac magnetic resonance
imaging (MRI). All patients were in sinus rhythm.
Patients with any of the following were excluded:
history of aortic root surgery (n=1), severe systolic
dysfunction that would interfere with measurements
of aortic valve function (n=1), history of endocarditis
(n=1), inadequate TEE quality to determine a precise
BAYV phenotype due to severe calcification of the aor-
tic valve (n=2), history of rheumatic fever or known
rheumatic heart disease (n=1), and unwillingness to
undergo TEE or cardiac MRI (n=3). In all, 154 pa-
tients were eligible for classification by BAV pheno-
type using TEE (n=151) and cardiac MRI (n=3).

TTE studies were performed using commercially
available equipment (Philips iE33; Philips Health-
care, Inc., Andover, MA, USA). Left ventricular
(LV) internal systolic and diastolic dimensions, pos-
terior wall and interventricular septal thickness, and
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left atrial diameter were determined according to the
recommendations of guidelines.®! In total, 3 to 5
measurements were made and averaged at each aor-
tic level, and the results were indexed for body sur-
face area (BSA). LV systolic function was assessed
with the calculation of LV ejection fraction using
Simpson’s biplane method.!'

The degree of aortic stenosis (AS) was graded us-
ing Doppler echocardiography. Severity of AS was
graded as mild in patients with a maximum aortic
peak velocity (Vmax) of 2.0 to 2.99 m/second and
moderate-to-severe in those with a Vmax of =3 m/
second to evaluate statistical differences, similar to
a previous report.!* Degree of aortic regurgitation
(AR) was defined by a composite evaluation of the
ratio of proximal jet width to the left ventricular out-
flow tract (LVOT) diameter, venae contracta, and the
presence and severity of holodiastolic aortic flow re-
versal, according to guidelines.!"! Ratio of proximal
jet width to LVOT diameter and venae contracta were
calculated in TEE examinations for a more appropri-
ate assessment of AR.

TEE was performed using a multiplanar probe al-
lowing for 2D and 3D imaging (Philips X7-2t; Philips
Healthcare, Inc., Andover, MA, USA). TEE views of
the ascending aorta, aortic root, and the aortic valve
were assessed at the high TEE long axis (at 120°—
150°) and short axis (at 30°-60°). During TEE, the
presence/absence of a raphe, orientation of the com-
missures, and coronary ostia were recorded. Kang’s
classification was used to determine BAV phenotypes
using both 2D and 3D TEE images."®! Accordingly, the
orientation of the free edge of the cusp defined the
anterior-posterior (AP) and right-left (RL) forms of
BAYV as BAV-AP and BAV-RL, respectively. A bicus-
pid aortic valve with fusion of the right and left coro-
nary cusps with a raphe resulting in the AP orienta-
tion of the commissural line (BAV-AP), with both the
right coronary artery (RCA) and left main coronary
artery (LMCA) originating from the anterior cusp was
classified as type 1 (BAV-AP with raphe). When the
commissural line was in the AP position but with no
raphe and both coronary arteries originated from the
anterior cusp, this phenotype was classified as type
2 (BAV-AP without raphe). When fusion of the right
and non coronary cusps with a raphe, resulting in a
RL orientation of the commissural line (BAV-RL)
with the RCA and LMCA originating from 2 separate

cusps, was observed, this phenotype was classified
as type 3. Fusion of the left and non coronary cusps
with a raphe with 2 coronary ostia each originating
from 2 separate cusps was classified as type 4. In the
presence of RL orientation of the commissural line
(BAV-RL) with 2 completely developed cusps and
commissures without a raphe with coronary arteries
originating from each separate cusp, the BAV pheno-
type was classified as type 5 (Fig. 1). Thus, BAV-AP
had 2 subgroups, types 1 and 2, whereas BAV-RL had
3 subgroups, types 3,4, and 5.

Aortic dimensions were measured at the end of the
LV diastole as recommended by guidelines!'® at the
following levels: (1) the annulus, (2) the mid-point of
the sinus of Valsalva (SOV), (3) the sinotubular junc-
tion, and (4) the tubular portion (TP) of the ascending
aorta (AA) at the level of its largest diameter using
2D TEE. In total, 3 to 5 measurements were taken and
averaged at each aortic level, and the results were in-
dexed for BSA. In patients with a BSA <1.68 m?, the
indexed diameters of AA and SOV were used to as-
sess whether the relevant parameters exceeded the up-
per normal limits. Otherwise an AA diameter exceed-
ing 39 mm!"” and a SOV diameter exceeding 40 mm
were determined to be dilated.”® In those with smaller
BSA, when the indexed AA diameter and SOV diam-
eter exceeded 2 standard deviations of the normal lim-
its presented in the guidelines, they were determined
to be dilated."® Thus, the upper limit was determined
to be 22 mm/m? for the SOV diameter and 19 mm/
m? for the AA diameter in patients with a small BSA.
Three different patterns of bicuspid aortopathy were
distinguished using Park’s classification,'” based on
the tract(s) involved in the dilatation: enlargement of
only the TP of the ascending aorta, enlargement of
both the TP and root, and enlargement confined only
to the root (sinuses) (Fig. 2). No complications were
observed during or after the TEE examinations. This
study was approved by institutional review board.
Written informed consent was obtained from all par-
ticipants before performing the TEE study.

All analyses were performed using SPSS for Win-
dows, Version 15.0 software (SPSS Inc., Chicago, IL,
USA). Homogeneity of variances was assessed using
Levene’s test. Normality tests were performed for all
continuous variables. If the variable was normally dis-
tributed, it is presented as the mean+SD, otherwise,
as the median and (minimum-maximum values).
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Figure 1. Top: Schematic diagram of the 5 different bicuspid aortic valve (BAV) phenotypes
drawn according to the orientation of transesophageal echocardiographic (TEE) images.
Middle: Two-dimensional TEE images of the 5 BAV phenotypes. Bottom: Three-dimensional
echocardiographic images of the corresponding phenotypes.

Figure 2. Three aortic phenotypes observed in patients with bicuspid aortic valve. Left: Dila-
tation of the tubular portion of the ascending aorta. Middle: Dilatation of the sinus of Valsalva
(SOV) and the tubular portion of the ascending aorta. Right: Dilatation confined to the SOV
alone (root phenotype).

Categorical data are presented as numbers and per-
centages. Comparisons of categorical data between
2 groups were performed using Pearson’s chi-square
test, continuous corrected chi-square test, or Fisher’s
exact test, as appropriate. To assess any difference be-
tween the BAV AP and BAV-RL groups with respect
to the pattern of aortic dilatation, those with only root
dilatation (5 patients) were excluded from the analysis
due to the very low prevalence. Comparisons of nor-
mally distributed continuous data were performed us-
ing independent t test; otherwise, the Mann-Whitney
U-test was used. The Kruskal-Wallis test was used to
compare continuous variables with non-normal distri-

butions with respect to aortopathy type. When the p
value from Kruskal-Wallis test statistics was statisti-
cally significant, Bonferroni-adjusted Mann-Whitney
U test was used to know which group differed from
which others. A p value of <0.05 was considered to
indicate statistical significance. However, in all pos-
sible multiple comparisons, the Bonferroni correction
was applied to control Type I error.

RESULTS

Table 1 displays the baseline characteristics of the
study population. Of the 154 patients, 71.4% (n=110)
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Table 1. Demographic variables and echocardiographic
findings in patients with bicuspid aortic valve

Age (years) 37 (17-70)
Male, n (%) 110 (71.4)
Height (cm) 169.9+9.42
Weight (kg) 73.9+13.33
BSA (m?) 1.84+0.18
Arterial hypertension, n (%) 17 (11)
Diabetes mellitus, n (%) 10 (6.5)
Bicuspid aortic valve phenotypes, n (%)
Type 1 82 (53.2)
Type 2 25 (16.2)
Type 3 24 (15.6)
Type 4 2(1.3)
Type 5 21 (13.6)
Aortic stenosis, n (%)
None 80 (51.9)
Vmax 200-299 cm/sec 42 (27.3)
Vmax =300 cm/sec 32 (20.8)
Aortic regurgitation, n (%)
None 43 (27.9)
Mild 98 (63.6)
Moderate/severe 13 (8.4)
Aortic dilatation, n (%)
None 68 (44.2)
Tubular portion 61 (39.6)
Root + tubular portion 20 (13)
Root type 5(3.2)

Continuous data are expressed as mean+SD and categorical data as
numbers and percentages.

BSA: Body surface area; Vmax: Maximum aortic peak velocity; SD: Stan-
dard deviation.
were men. The median age of the study group was
37 years (range: 17-70 years). Of these patients, 82
(53.2%) had the type 1 BAV phenotype, 25 (16.2%)
had type 2, 24 (15.6%) had type 3, 2 (1.3%) had type
4, and 21 (13.6%) had the type 5 BAV phenotype.
Thus, the prevalence of BAV-AP and BAV-RL was
68.2% and 31.8%, respectively. The frequency of hy-
pertension, diabetes mellitus, and aortic valvular pa-
thologies is presented in Table 1. In total, 32 (20.7%)
patients had moderate-to-severe AS, and 13 (8.4%)
had moderate-to-severe AR.

Table 2 summarizes the comparisons of demo-
graphic and echocardiographic variables between
patients with BAV-AP and BAV-RL. There was no

difference between the 2 groups with respect to age,
gender, height, weight, or BSA. Diameter of the aor-
tic annulus and tubular AA was similar between the
groups; however, the diameter of the SOV (p=0.014),
indexed SOV diameter (p=0.008), and indexed si-
notubular junction diameter (p=0.039) was larger in
those in the BAV-AP group. In the BAV-AP group, 7
(6.7%) patients had moderate AR and 2 (1.9%) had
severe AR, whereas no severe AR was observed in the
BAV-RL group, and 4 (8.2%) patients had moderate
AR. In the BAV RL group, a stenotic aortic valve was
present in 65.3% of the patients, whereas it was 40%
in the BAV-AP group (p=0.003). The prevalence of
moderate-to-severe AS in the BAV-AP and BAV-RL
groups was 16.2% (17/105) and 30.6% (15/49), re-
spectively.

When the type of aortic dilatation was compared,
the most commonly affected portion of the aorta was
the TP in both phenotypes. The frequency of aortic
root involvement was low in both the BAV-AP and
BAV-RL groups (2.9% and 4.1%, respectively). Aor-
tic enlargement confined to both the root and TP was
detected in 16.2% of the patients with BAV-AP and
6.1% of the patients with BAV-RL. In the BAV-AP
group, 40% of the patients had aortic dilatation con-
fined to the TP. We further investigated the pattern of
aortic dilatation and severity of AS and aortic regur-
gitation (AR) in the 5 different valvular phenotypes
of BAV. In patients with the type 1 phenotype (n=82),
59.8% (49/82) of the patients were free of any degree
of AS; however, only 24.4% (20/82) of the patients
with the type 1 BAV were free of any degree of AR. In
2 patients with the type 4 phenotype, the aortic valve
had a Vmax of =3 m/second. Among 13 patients with
moderate or severe AR in our BAV group, 7 (53.8%)
had type 1, 2 (15.4%) had type 2, and 4 (30.8%) pa-
tients had type 3 BAV phenotypes. No patients with
type 4 or type 5 had moderate or severe AR.

The clinical characteristics of the patients accord-
ing to BAV aortopathy phenotype were also analyzed
(Table 3). With a prevalence of 3.2% (5/154), the root
phenotype was rare in our BAV population. Thus,
we excluded these 5 patients from the analysis and
compared the characteristics of patients without aor-
tic dilatation (n=68), those with only dilatation of the
tubular segment of the aorta (n=61), and those with
dilatation of both the root and the tubular segment
of the aorta (n=20). Patients without aortic dilatation
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Table 2. Comparison of demographic and echocardiographic variables in patients with BAV-AP phenotype and BAV-

RL phenotype
Variable BAV-AP (n=105) BAV-RL (n=49) p
Men, n (%) 75 (71.4) 35 (71.4) 1
Age (years) 37.5 (17-69) 36 (17-70) 0.906
Weight (kg) 73.9+13.1 74.5+14.5 0.853
Height (cm) 169.8+8.9 170.1£10.4 0.901
Body surface area (m?) 1.84+0.17 1.84+0.2 0.918
Posterior wall (mm) 9 (7-14) 9 (7-14) 0.216
Interventricular septum (mm) 10 (7-16) 10 (7-16.5) 0.439
Left atrial diameter (cm) 33.8+4.18 34.7+4.56 0.298
Left ventricular end-diastolic diameter (cm) 47.6+5.84 47.4+6.33 0.812
Left ventricular end-systolic diameter (cm) 27.6+5.12 27.2+4.91 0.613
Left ventricular ejection fraction (%) 62.7+5.51 62.8+4.58 0.906
Aortic diameters

Annulus (mm) 27.5+4.31 27.3+3.88 0.717

Sinus of valsalva (mm) 34.5+5.16 32.2+5.29 0.014

Sinotubular junction (mm) 30.1+4.92 28.5+4.79 0.091

Tubular portion (mm) 38.2+6.93 37.3+£7.74 0.425
Indexed aortic diameters

Sinus of valsalva (mm/m?) 18.8+2.61 17.5+2.85 0.008

Sinotubular junction (mm/m2) 16.4+2.72 15.5+2.51 0.039

Tubular portion (mm/m2) 20.9+4.17 20.2+4.25 0.345
Aortic stenosis, n (%)

None 63 (60) 16 (32.7) 0.006

Vmax 200-299 cm/sec 25 (23.8) 18 (36.7)

Vmax =300 cm/sec 17 (16.2) 15 (30.6)
Aortic stenosis (any degree), n (%) 42 (40) 32 (65.3) 0.006
Aortic velocity (cm/sec) 186 (80-547) 232 (113-449) 0.014
Aortic regurgitation, n (%)

None 30 (28.6) 13 (26.5) 0.957

Mild 66 (62.9) 32 (65.3)

Moderate/ severe 9 (8.6) 4 (8.2)
Aortic regurgitation (any degree), n (%) 75 (71.4) 36 (73.5) 0.944
Aortic dilatation, n (%)

None 43 (41) 25 (51) 0.315

Tubular portion 42 (40) 19 (38.8)

Root+tubular portion 17 (16.2) 3(6.1)

Root type 3(2.9) 2(4.1)

Continuous data are expressed as mean (+ standard deviation) or median (minimum-maximum); Categorical data are expressed as numbers and percent-
ages. BAV: Bicuspid aortic valve; AP: Antero-posterior; RL: Right-left; Vmax: Maximum aortic peak velocity; SD: Standard deviation.

were younger than those with dilatation of any tract(s)  ent aortopathy phenotypes (adjusted p value= 0.325).
(p<0.001). The median age was not different between = The BAV phenotype was not statistically different
the other 2 groups including patients with two differ-  among the groups; however, in patients with root and



696

Turk Kardiyol Dern Ars

Table 3. Clinical features of patients according to BAV aortopathy phenotype

No dilatation Dilatation of tubular Dilatation of tubular p
(Group 1) portion (Group 2) portion+root (Group 3)
(n=68) (n=61) (n=20)
Age (years) 26 (17-68) 40 (19-70)* 46 (27-69)* <0.001
Men (%) 49 (72.1%) 41(67.2%) 15 (75%) 0.752
BAV phenotype, n (%)
BAV-AP 43 (63.2) 42 (68.9) 17 (85) 0.188
BAV-RL 25 (36.8) 19 (31.1) 3 (15)
AS (any degree), n (%) 26 (38.2) 36 (59)* 12 (60) 0.036
Aortic velocity = 300 cm/sec, n (%) 10 (14.7) 21 (34.4)* 1 (5)t 0.001
AR (any degree), n (%) 47 (69.1) 43 (70.5) 17 (85) 0.388
Aortic velocity (cm/sec) 176 (100-381) 230 (96-547)* 206 (80-332) 0.012

Continuous data are expressed as median (minimum-maximum), and categorical data as numbers and percentages. BAV: Bicuspid aortic valve; AP: Antero-

posterior; RL: Right-left; AS: Aortic stenosis; AR: Aortic regurgitation.

*p<0.0167 group 2 or 3 vs group 1 and *p<0.0167 group 2 vs group 3 for comparison of age and aortic velocity.
*p<0.05 group 2 or 3 vs. group 1, 'p<0.05 group 2 vs. group 3 for comparison of percentages of patients with AS or aortic velocity = 300 cm/s.

tubular aortic dilatation, 85% of the patients had the
BAV-AP subtype. BAV stenosis was more common
in patients with aortic dilatation confining TP than in
those without dilatation (p=0.039), also indicated by a
higher median Vmax in patients with a dilated tubular
aorta than in those without dilatation. Moderate-to-
severe AS was less common in patients free of aortic
enlargement. No difference was found with respect
to the frequency of any degree of AR between the
groups. Among the 5 patients with root phenotypes,
2 were in the BAV-AP group and 3 in the BAV-RL
group. None of the 5 patients had AS (aortic velocity
range 96—180 cm/second).

Additional congenital anomalies and the pheno-
types of BAV noted in these patients are presented in

Table 4. There were 3 patients with coarctation of the
aorta (CoA), and all 3 had the type 1 BAV phenotype.

To determine the utility of echocardiographic im-
aging techniques in BAV diagnosis, the diagnostic
performance of TTE was first assessed. An experi-
enced echocardiographer (KT) who was blinded to
the patients’ BAV phenotypes assessed all of the TTE
images of the 154 patients. The accuracy of TTE in
BAV phenotyping was 47.4% (n=73), while it was
90.1% (n=136) for 2D TEE (3 patients who refused
TEE and preferred cardiac MRI were excluded for
2D and 3D TEE accuracy analysis). In 9.9% of the
patients, 3D TEE (n=15) was needed to obtain exact
phenotyping. Among these 15 patients, 3D imaging
was needed to make the exact diagnosis of BAV-AP

Table 4. Additional congenital anomalies or genetic syndromes detected in patients with

bicuspid aortic valve

Anomaly n % Bicuspid aortic valve type
Coarctation of aorta 3 1.9 Type 1
Atrial septal defect 2 1.29 Type 1 (n=1), Type 2 (n=1)
Ventricular septal defect 1 0.64 Type 2
Turner syndrome 1 0.64 Type 1
Kallmann syndrome 1 0.64 Type 1
Persistant left superior vena cava 1 0.64 Type 1
Horseshoe kidney (renal fusion) 1 0.64 Type 1
Absence of celiac artery 1 0.64 Type 3
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subtypes in 4 (2.6%) patients and BAV-RL subtypes
in 11 (7.3%) patients.

DISCUSSION

In this study, we classified BAV phenotypes using 2D
and 3D TEE and found a predominance of the type
1 subtype, accounting for >50% of our patients. In
our study population, no difference was detected be-
tween the BAV-AP and BAV-RL groups with regard
to AR, whereas BAV-RL patients more frequently had
a stenotic aortic valve than did those with the BAV-
AP phenotype. The prevalence of moderate-to-severe
AS was also higher in the BAV-RL group. When we
investigated the presence and distribution of aortopa-
thy in our patients, the most common BAV aortopathy
was enlargement of the TP of the aorta. Enlargement
of the root alone was rare in our patients. A predomi-
nance of BAV-AP was observed in those with dilata-
tion of the root and TP. Aortic dilatation was more
prominent in older patients.

Several attempts have been made to demonstrate
that BAV is not a simple disease, but rather a complex
one with different phenotypes. Although some stud-
ies failed to show any relationship between phenotype
and disease progression or valvular dysfunction,?-??
animal studies showed that different BAV phenotypes
(BAV-AP and BAV-RL) were distinct embryological
entities.?*?* These studies suggested that BAV-AP
is caused by defective formation of the outflow tract
(OFT) cushion, which might be a result of an altera-
tion in the neural crest, whereas BAV-RL seems to be
the result of defective OFT septation, which might
occur during the nitric oxide-dependent stage of en-
dothelial-to-mesenchymal transformation. Moreover,
different valvular BAV phenotypes were shown to
cause different aortopathy phenotypes, which are, in
addition to valvular dysfunction, another factor af-
fecting outcomes in patients with BAV.>*!

To better classify valvular phenotypes, recently
Kang et al.®! determined 5 phenotypes of BAV, their
prevalence, and association with different types of
aortopathy in a BAV population using MDCT. Simi-
lar to the findings of Kang et al., the most common
phenotype in our BAV group was type 1. The second
most common BAV phenotype in the former study
was type 5, with a prevalence of 36.5%. In our BAV
population, the prevalence of type 2, 3, and 5 were

comparable. Type 4 was the rarest form of BAV phe-
notype in both studies. Overall, BAV-AP was more
common in our population, similar to previous re-
ports,'426-28 but in contrast to Ceccioni’s®' (higher
prevalence of BAV-RL) report. The distribution of
types 2, 3, and 5 phenotypes in our population dif-
fered from the findings of Kang et al.® The difference
in prevalence might be due to racial differences in the
populations studied. Larger epidemiology studies are
needed to estimate the frequency of the different BAV
phenotypes.

In the current study, we determined BAV phe-
notypes using TEE instead of MDCT. Half of our
population was under 38 years old, which led us to
choose TEE for phenotyping BAV and the associ-
ated aortopathy to avoid radiation exposure in these
younger patients. Using TTE alone would not have
provided accurate data. Determining presence/ab-
sence of a raphe or the origins of coronary arteries is
mostly limited when TTE alone is used. Moreover, in
patients with normally functioning aortic valves, one
can even miss the diagnosis of BAV when a raphe
exists between fusioned valves. TEE is accepted as
a semi-invasive technique; however, in experienced
laboratories, the value of the data provided by 3D
visualization of cardiac structures should not be un-
derestimated. Using 3D TEE, an experienced echo-
cardiographer would see a similar anatomical view
to that of the cardiac surgeon. 3D TEE determines
exactly the size and features of cusps, the fusion of
the commissures, the presence of thickening and cal-
cification of a BAV, and the orientation of the coro-
nary ostia, and it is a unique technique that shows
the morphological details of a bicuspid valve with
the same quality as a pathological examination.? In
recent guidelines, TEE was suggested to be a reli-
able and cost-effective method for visualization of
the aorta.’™ In our study, we could define valvular
phenotype only in 47.4% of the patients with TTE
but in 90.1% of the patients with 2D TEE. Our find-
ings support that in phenotying BAV, TTE seems to
be an insufficient technique. The studies in the lit-
erature have mostly presented data obtained using
TTE in phenotyping BAV, which in fact, seems to be
a serious limitation.”>"! Performing TEE or MDCT in
BAYV phenotyping seems to be necessary to better un-
derstand the prognostic importance of morphologic
types in BAV. In 9.9% of the patients even 2D TEE
images failed to determine the precise phenotyping
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where 3D TEE was used. Our data support that even
in a small proportion of the patients with BAV, 3D
imaging provides benefit in distinguishing valvular
phenotypes. It has previously been demonstrated that
the measurement of the area or diameter of the aortic
annulus by 3D TEE was superior to 2D TEE measure-
ments since the aortic annulus is not a simple circle,
but rather eccentric in most aortic valve pathologies,
as in BAV.P34 However, according to the results
of our study, in phenotyping BAV, 3D TEE imaging
only provided an additional benefit in a small pro-
portion of patients where the raphe was short or the
accumulation of calcification in the aortic leaflets led
to the disappearance of the raphe. The aortic valve is
difficult to image with 3D TEE because of its relative
anterior position and thin pliable cusps, which might
have contributed to its limited benefit in phenotyp-
ing; however, in experienced hands it provides im-
portant features about valve structure.!!!

Some studies have suggested a BAV phenotype
role in the rapid progression of valvular dysfunction
and a link between BAV phenotype and aortopathy;!”
however, the findings in the literature are still ambig-
uous. The discrepancies among studies!”-'* have pre-
cluded creation of a guideline to suggest performing
precise valvular phenotyping of BAV and arranging
specific follow-up intervals for different phenotypes,
so the use of TEE for this approach was not advised
specifically.’” Recently, a retrospective study of 829
BAV patients suggested no additional role for valve
phenotype in enlargement of the aorta.®> The study
lacked follow-up and used a surgical classification
of valvular phenotype, which is quite different from
what we preferred to use. It seems that discrepancies
between studies will remain unresolved if a unique,
international method of phenotyping is not used in all
studies. There are no data in the literature comparing
the use of 2D and 3D TEE with MRI or MDCT in
BAV phenotyping. The classification of BAV pheno-
types proposed by Kang et al.® seems reproducible
even when using different imaging modalities. Stan-
dardization of the BAV phenotype may help provide
better comparisons of findings from different centers
and contribute to a pooling of the clinical features of
each phenotype. The use of TEE or MDCT/MRI for
phenotyping BAV in follow-up studies might reveal
more accurate data to determine the prognostic im-
portance of aortic valve morphology during the dis-
ease course.

To determine BAV aortopathy in our group, we
used Park’s classification,'” which is reasonable in
clinical practice and shows the tract(s) involved in
BAV aortopathy. The classification first proposed by
Park et al.l" lacked a cut-off value for aortic enlarge-
ment; however, Della Corte et al.!'”! later adopted
Park’s classification to compare it with their classi-
fication by determining a cut-off value of an aortic
size index >2.1 cm/m? (corresponding to 39 mm in a
patient with a BSA of 1.85 m?) and demonstrated that
these 2 classifications had a prognostic value. We used
the same cut-off value as that of Della Corte et al. in
our study by assuming that a tubular aorta >39 mm in
size was dilated. Using Park’s classification in their
own BAV cohort, Della Corta et al. determined in a
BAV population (with a mean age of 48+16 years)
that 35% of the patients had non-dilated aortas, 45%
had dilatation of the TP, 13% had dilatation of both
the aortic root and the TP, and 7% had dilatation con-
fined to the root."” Our results are comparable with
those frequencies presented by Della Corte, except
that the root phenotype was rarer in our population.
Because of a very small number of patients with the
root phenotype, we cannot comment on determinants
of this aortopathy, but the obvious differences in the
prevalence of root phenotypes may indicate racial dif-
ferences or genetic factors involved in the develop-
ment of BAV and specific types of aortopathy in dif-
ferent races.

With growing evidence, it has been assumed that
the BAV fusion type alters flow patterns in the aorta,
which may play a role in the enlargement of different
segments.**% A study investigating the elastic prop-
erties of the aorta in BAV reported increased dimen-
sions and stiffness of the SOV in the BAV-AP versus
the BAV-RL phenotype, but with no difference in the
elastic properties or dimensions of the AA.®" In our
BAV population, an increased diameter of the SOV
was seen in the BAV-AP group despite similar TP
dimensions in the BAV-RL group, as in previous re-
ports.'**1 Moreover, we determined a predominance
of BAV-AP in those with dilatation of the root and TP,
supporting the findings of previous studies. The most
common BAV aortopathy phenotype was enlargement
of the TP of the ascending aorta, similar to previous
reports,'”! and these patients had higher aortic ve-
locities than did those without dilatation, suggesting a
contribution of hemodynamic factors in the develop-
ment of BAV aortopathy.
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The association of valvular involvement with the
BAV phenotype is still not well understood. Valvular
dysfunction and disease progression were assumed to
be independent of the valve phenotype in previous re-
ports.?*?2 In contrast to these reports, Fernandes et
al.?"l determined that patients with BAV-RL had more
than twice the risk of AS and AR compared with other
types of BAV in a population <18 years old. Kang et
al. reported a predominance of moderate-to-severe
AR in BAV-AP, but a predominance of moderate-to-
severe AS in BAV-RL."®! In our study, we detected no
difference between the BAV-AP and BAV-RL groups
with respect to AR; however, the presence of a ste-
notic valve was more frequent in those with BAV-RL.
In the BAV-RL group, moderate-to-severe AS was
also more common than that in the BAV-AP group. It
seems that patients with BAV-RL have a greater ten-
dency to develop AS.

In this study, we also presented congenital anoma-
lies detected in our BAV population. Among congeni-
tal heart diseases, the prevalence of CoA was 1.9%,
that of atrial septal defect was 1.29%, and that of ven-
tricular septal defect in our patients was 0.64%. All 3
patients with CoA had type 1 BAV. We also detected
the presence of Kallmann syndrome and the absence
of a celiac artery in 2 patients. We cannot explain
whether these 2 congenital anomalies were detected
coincidentally or have some link with BAV. Further
reports are needed to clarify this issue.

Study limitations

There are several limitations to this study. This study
was performed in a population of adults with a predi-
agnosis of BAV who were referred for echocardiog-
raphy. Patients with BAV without valvular dysfunc-
tion or lack of symptoms might have been less well
represented in our study. Although our study provides
important data about BAV, our findings should not be
generalized to all BAV populations.

Conclusion

There may be racial differences in the frequency of
valvular and aortopathy phenotypes in patients with
BAV. BAV phenotypes differ with respect to AS and
aortopathy phenotypes. TEE may have good diagnos-
tic utility in differentiating BAV phenotypes.
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