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We observed only small differences in aortic dimensions 
between BAV morphotypes, that are eclipsed by variation 
in patient habitus. We interpret these findings to mean that 
BAV patients will not likely benefit from therapies based 
on aortic valve morphotype. Rather, we propose that all 
BAV patients should undergo longitudinal follow-up, inde-
pendent of valve morphotype. Guidelines for aortic surgery 
based upon dimensions alone may be improved by con-
sidering patient characteristics such as age, body size and 
other characteristics.
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IE  Infective endocarditis
BAV  Bicuspid aortic valve
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Abstract Thoracic aortic disease, including thoracic aor-
tic aneurysm (TAA), is frequently seen in patients with 
bicuspid aortic valve (BAV). We hypothesized that BAV 
morphotype would be associated with aortic aneurysm phe-
notypes but that other patient variables would significantly 
modify this relationship. 829 patients between 18 and 90 
years with BAV and available raw imaging of the aortic 
valve and the ascending aorta to its mid-portion prior to 
aortic valve and aortic surgery were examined. The sinuses 
of Valsalva and proximal ascending aorta were measured 
from 2-dimensional co-planar echocardiographic images. 
We observed strong associations between patient habitus 
and raw and normalized dimensions of the aortic root and 
ascending aorta. Patients with R–L morphotype presented 
at an older age with larger aortic root but similar ascend-
ing aortic dimensions. After accounting for patient mor-
phometric characteristics and severity of aortic valve dis-
ease, patients with R–L valve morphotype were marginally 
more likely to have an aortic root aneurysm (86% vs. 78%; 
P = 0.043), defined as aortic root dimension Z score ≥3. 
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Introduction

Bicuspid aortic valve (BAV) is the most common con-
genital cardiac valve abnormality, with an incidence of 
0.6–1.5% in the general population and is seen more fre-
quent in males and Caucasians [1]. Thoracic aortic disease, 
including thoracic aortic aneurysm (TAA), is more fre-
quently seen in patients with BAV than the general popula-
tion [1, 2]. Prior literature has variably reported association 
between BAV morphotype has been associated with TAA 
phenotype; notably, right–left (R–L) coronary cusp fusion 
is associated with aortic root aneurysm and right–non-cor-
onary (R–NC) cusp fusion has similarly been associated 
with ascending aortic aneurysm [3].

The etiology of these reported associations is not yet 
apparent, but they may be of genetic or biomechanical 
causes [4]. There is a common embryological origin of the 
aortic valve and ascending aorta, developing from neural 
crest cells early in embryogenesis [5]. It might be reason-
able to believe that a genetic defect specifically altering 
the function and development of neural crest cells could 
result in defects of both the aortic valve and the media of 
the ascending aorta. Additionally, there is evidence for 
increased shear stress upon the aortic root and ascending 
aorta caused by abnormal flow direction through the bicus-
pid aortic valve [6], even in the absence of aortic leaflet 
thickening, calcification and stenosis [7]. Differences in 
direction of flow in the ascending aorta have been observed 
between R–NC and R–L morphotypes of BAV, thus for-
mulating a mechanistic hypothesis for differences in aortic 
dimensions between BAV morphotypes [8].

We hypothesized that BAV morphotype would be asso-
ciated with aortic aneurysm phenotype in an BAV cohort, 
but that other patient variables would significantly modify 
this relationship and have important clinical implications to 
care of the BAV patient. To examine this hypothesis, we 
used a cohort of BAV patients predominantly ascertained 
by presentation for cardiac surgery.

Methods

Patients

After local Institutional Review Board approval, patients 
with BAV and with available raw imaging of the aortic 
valve and the ascending aorta to its mid-portion prior 
to aortic valve and aortic surgery were identified from 
administrative records of Partners Healthcare (Bos-
ton, MA). For patients with an ICD-9 code 746.4, we 
extracted imaging, operative and discharge records 
and performed text searches for bicuspid aortic valve. 
We excluded patients with unavailable, inadequate or 

disputed imaging recorded prior to any reported cardiac 
surgery, patients with tricuspid aortic valves on arbi-
trated imaging, syndromic aortic disease or prior coarc-
tation repair, a history of rheumatic or endocarditic val-
vular heart disease, patients with bicuspid NC–L fusion 
because of the rarity of this morphotype, and those under 
18 or over 90 years of age, yielding 829 patients for 
analysis.

Age, height, weight, the severity of aortic stenosis and 
incompetence, and other clinical variables were harvested 
from clinical and surgical reports closest to, but not >180 
days prior to, the date of aortic or aortic valve surgery. If 
a patient did not have aortic surgery the information was 
taken from the most recent clinical reports and imaging 
available.

Valve classification

Valve morphotype was classified as L–R (fusion between 
left and right leaflets), R–NC (fusion between right and 
non-coronary leaflets) (Fig. 1), or not bicuspid (tricuspid 
valves with no leaflet fusion) [3]. BAV was established 
by visualization of the aortic valve when seen in an axial 
view of the most recent transesophageal or transthoracic 
echocardiogram prior to surgery. Surgical notes and pre-
vious echocardiograms were used, when available, to 
confirm BAV diagnosis only. Identification of raphe was 
inconsistent among the cohort so this parameter was not 
included. All echocardiograms were performed and ana-
lyzed by trained echocardiography technicians and inter-
preted by a board-certified cardiologist. Two hundred and 
fifty randomly chosen patients and patients with inde-
terminate imaging were arbitrated twice to determine 
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Fig. 1  Sievers’ classification [11] of the surgical view of the bicuspid 
aortic valve. Type 0 has no visible raphe and can occur as a vertical or 
horizontal oriented commissure. Type 1 is the most common form of 
BAV and can occur as fusion of two of any three of the commissures, 
but most commonly a left–right (L–R) fusion or right–non-coronary 
(R–N) fusion. Type 2 is a reported bi-commissural fusion, which can 
be difficult to differentiate from Type 1 in echocardiographic imaging 
and during surgical inspection of the severely calcific aortic valve
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accuracy of the initial echocardiography reporting. Aortic 
measurements of 68 patients where the dimension dif-
fered by more than 3  mm were re-arbitrated by a third 
individual. Patients were discarded from analysis if imag-
ing remained indeterminate even after third arbitration. 
Only patients in which in both valve morphotype and 
aortic measurements were confidently identified were 
included in analysis. The severity of aortic stenosis and 
incompetence was determined by echocardiographic cri-
teria [9, 10] or if unavailable, by cardiac catheterization.

Aortic dilation classification

The sinuses of Valsalva and proximal ascending aorta were 
measured from 2-dimensional images from inner edge to 
inner edge in the parasternal long-axis view at end-diastole 
for TTE images and from the mid-esophageal long axis for 
TEE images (Fig. 2) [12]. Because we observed strong uni-
variate associations between older age, male gender, taller 
height, heavier weight and greater body mass index with 
increased dimensions of the aortic root and ascending aorta 
in patients with BAV, we performed additional analyses 
using normalized aortic dimensions to Z scores [13].

Z scores of aortic dimension were calculated using sepa-
rate formulae for aortic root and tubular ascending aorta, 
and population norms derived by Campens et al. that take 
into account age, gender and body surface area [13]. The 
aorta was defined as dilated when Z score ≥1.96, and aneu-
rysmal when Z score ≥3 [14]. Aortic phenotype was classi-
fied as root (maximal dimension at the sinuses of Valsalva), 
or ascending (maximum dimension at the mid-ascending 
aorta) dilation, both root and ascending aortic dilation, or 
being without dilation [15]. We did not use aortic shape 
classifications [16, 17] to describe the joint dimensions of 
the aortic root or ascending aorta as they lack concordance 
[15] and are potentially prone to observer variation.

Statistical analysis

Normally distributed continuous variables were summa-
rized as mean and standard deviation and comparisons 
between groups were made by means of Student’s t test. 
Categorical variables were summarized with percentages 
and inter-group differences analyzed using Chi square sta-
tistics. Multivariate linear and logistic regression models 
were developed to find independent predictors of aortic 
dimensions and categorical aortic dilatation (Z score >1.96 
and 3.0). Multivariable regression models were developed 
by forward stepwise modeling criteria of F probability 
<0.05 for entry and >0.1 for removal, while forcing age, 
gender, BSA, valve morphotype and the presence of aor-
tic stenosis and incompetence into the model. All analyses 
were performed using SAS or JMP (SAS Institute, Cary, 

NC, version 9.1) with a two-tailed significance level set at 
0.05.

Sensitivity analysis was performed to compare the rela-
tive importance of BAV morphotype to patient habitus 
upon aortic dimensions. This was performed by compar-
ing the relative effect of valve morphotype to the 20th to 
80th percentiles of age (41–66 years), BSA (1.77–2.15 m2) 
and gender (female-male) that we observed in developed 

Fig. 2  Three trans-esophageal images of the bicuspid aortic valve. 
The upper panel shows a long axis view of the left ventricular out-
flow tract, the bicuspid aortic valve and the dilated ascending aorta. 
The middle panel shows a short axis view of a type I bicuspid aortic 
valve during diastole. Only in systole (lower panel) is it apparent that 
the valve is bicuspid with complete fusion of the left and right coro-
nary cusps
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multivariable models of aortic dimension, while holding 
other covariates constant, in this cohort.

Results

Cohort characteristics

From the source population of 2007 BAV patients we 
identified images for 927 patients where the valve fusion 
could be definitively identified on available imaging. Of 
these, 829 patients had sufficient imaging to measure aortic 
dimensions. The characteristics of the cohort are described 
in Table  1. Of note, the cohort was relatively young 
(53 ± 14 years) and predominantly had R–L valve morpho-
type. Patient characteristics between the two morphotypes 

were similar, however those with R–L morphotype were 
older and had a higher incidence of hyperlipidemia. Mod-
erate or greater aortic stenosis or aortic incompetence was 
observed in 20 and 12% of patients, respectively. No patient 
had an unrepaired coarctation of the aorta. The majority 
of patients (56%) had surgery for either aortic valve repair 
or replacement, or surgery of the aortic root, ascending 
aorta or the aortic arch. The remainder had not yet had sur-
gery. There was no difference in the frequency of surgery 
between the two aortic morphotypes.

Predictors of aortic dilatation

Patients with R–L morphotype presented at an older age 
with larger aortic root (Table  1). There were strong uni-
variate associations between older age, male gender, taller 

Table 1  Cohort demographics 
and comparison of patients 
with R–L and R–NC BAV 
morphotypes

All patients (n = 829) R–L morpho-
type (n = 654)

R–NC morpho-
type (n = 175)

P value

Age (years) 53 ± 14 54 ± 14 50 ± 16 0.003
Gender (female) 226 (27%) 181 (28%) 46 (26%) 0.61
Height (cm) 173 ± 11 173 ± 10 173 ± 11 0.75
Weight (kg) 83 ± 18 83 ± 17 82 ± 19 0.54
BSA (m2) 1.96 ± 0.2 1.96 ± 0.2 1.95 ± 0.3 0.56
BMI (kg/m2) 27.3 ± 5.0 27.4 ± 5 27.0 ± 5 0.29
Hypertension 538 (65%) 424 (65%) 114 (65%) 0.96
Hyperlipidemia 470 (57%) 386 (59%) 84 (48%) 0.008
Diabetes 175 (21%) 147 (22%) 28 (16%) 0.07
Chronic obstructive pulmonary disease 310 (37%) 248 (38%) 62 (35%) 0.54
Smoking (current) 18 (2%) 14 (2%) 4 (2%) 0.91
Aortic stenosis
 None or mild 650 (80%) 508 (80%) 142 (83%)
 Moderate or severe 158 (20%) 127 (20%) 30 (17%) 0.43

Aortic incompetence
 None or mild 715 (88%) 565 (89%) 150 (87%)
 Moderate or severe 93 (12%) 71 (11%) 22 (13%) 0.55

Aortic root
 Dimension (mm) 35 ± 6 36 ± 6 34 ± 6 <0.001
 Dimension >40 mm (yes) 154 (20%) 134 (22%) 20 (13%) 0.018
 Z score 0.36 ± 1.81 0.46 ± 1.78 -0.04 ± 1.87 0.001
 Z score ≥1.96 149 (18%) 125 (19%) 24 (13%) 0.09
 Z score ≥3 49 (6%) 42 (6%) 7 (4%) 0.23

Ascending aorta
 Dimension (mm) 38 ± 7 38 ± 7 38 ± 8 0.76
 Dimension >36 mm (yes) 373 (49%) 288 (47%) 85 (52%) 0.46
 Z score 1.83 ± 1.92 1.78 ± 1.90 1.98 ± 1.98 0.23
 Z score ≥1.96 376 (49%) 291 (48%) 85 (52%) 0.31
 Z score ≥3 218 (26%) 167 (26%) 51 (29%) 0.33

Aortic valve surgery 382 (46%) 307 (46%) 75 (43%) 0.27
Aortic surgery 251 (30%) 198 (30%) 53 (30%) 0.99
Aortic valve or aortic surgery 463 (56%) 366 (56%) 97 (55%) 0.89
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height, heavier weight and greater body mass index with 
increased dimensions of the aortic root and ascending aorta 
in patients with BAV. The dimension of the ascending aorta 
at presentation did not differ between BAV morphotypes, 
even after adjustment for age, gender and BSA to a Z score. 
However, mean aortic root dimensions differed by 2  mm 
between BAV morphotype at the time of presentation and 
remained significantly different after translation to Z score. 
After adjustment for age, gender, BSA and the presence of 
moderate or severe aortic valve disease, R–L BAV morpho-
type was associated with small (<1 mm) increase in mean 
aortic root size, but not with mean ascending aorta size at 
presentation (Table  2). Patients with moderate or severe 
aortic stenosis had a slightly smaller aortic root, but simi-
lar ascending aortic dimensions while patients with moder-
ate or severe aortic incompetence had slightly larger aortic 
root, but similar ascending aortic, dimensions (Table 2).

Patients with a dilated aortic root, defined as aortic root 
dimension Z score ≥1.96 independent of ascending aortic 
dimension, were younger, more likely to be male, have lower 
BSAs, have a decreased frequency of moderate or greater aortic 
stenosis, and increased frequency of moderate or greater aortic 
incompetence (Table 3). After accounting for these variables, 
there was a modest association of aortic root Z score with R–L 
valve morphotype (84% vs. 78%; P = 0.019). Even after nor-
malization of aortic dimension to Z-score using an algorithm 
that makes use of age, gender and BSA [13], we observed 
persistence of age, gender and BSA in multivariable models 
of aortic dimensions (Tables 3, 4), implying that the utilized 
Z-score transformation does not fully account for these factors.

Patients with aortic root aneurysm, defined as aor-
tic root dimension Z score ≥3, were similarly younger, 
more likely to be male, have lower BSAs, have a 
decreased frequency of moderate or greater aortic steno-
sis, and increased frequency of moderate or greater aor-
tic incompetence (Table  3). After accounting for these 
variables, there was a marginal association of aortic 
root Z score with R–L valve morphotype (86% vs. 78%; 
P = 0.043).

Patients with ascending aortic dilatation, defined as 
ascending aortic dimension Z score ≥1.96 regardless of 
aortic root dimensions, were younger, but had similar 
frequency of other clinical variables (Table 4). Patients 
with ascending aortic aneurysm, defined as ascending 
aortic dimension Z score ≥3, were younger and more 
likely to be female. After accounting for these vari-
ables, there was a no association of the ascending aorta 
Z score ≥1.96 (77% vs. 80%; P = 0.56), or Z score ≥3 
(77% vs. 80%; P = 0.41) with R–L valve morphotype 
(Table 4).

Sensitivity analysis examining the relative importance of 
BAV morphotype to age, gender and BSA using the mul-
tivariable models shown in Table 2. In the aortic root, the 
presence of male gender, an increase in age of 25 years, 
an increase in BSA of 0.38  m2, aortic stenosis, and sta-
tin use all had a greater effect upon aortic root dimension 
than bicuspid valve morphotype. In the ascending aorta, 
all measured variables had a greater effect upon aortic root 
dimension than bicuspid valve morphotype.

Table 2  Predictors of aortic 
root and ascending aortic 
size (mm) determined by 
multivariate linear modeling

a r2 = 0.22
b r2 = 0.08

Aortic root size (mm) (n = 829) Ascending aorta size (mm) 
(n = 768)

Effect size (mm) Multivariate P 
valuea

Effect size (mm) Multi-
variate P 
valueb

Age (1 year increment) 0.06 (0.05–0.07) <0.0001 0.11 (0.09–0.13) <0.0001
Gender (female) −1.8 (1.5–2.0) <0.0001 0 (− 0.3–0.4) 0.90
BSA (m2) 3.8 (2.8–4.7) 0.0001 6.2 (4.8–7.6) <0.0001
Statin use (yes) −0.5 (0.3–0.7) 0.0001 0.6 (0.3–0.9) 0.03
Diabetes (yes) – – 0.9 (0.7–1.1) 0.007
BAV morphotype
(R–L fusion) 1.0 (0.8–1.2) <0.0001 −0.2 (−0.5 to 0.1) 0.62
Aortic stenosis
 (Moderate or severe) −1.8 (−2.0 to −1.6) <0.0001 −0.5 (−0.8 to −0.2) 0.13

Aortic incompetence
 (Moderate or severe) 0.9 (0.6–1.2) 0.002 0.6 (0.2–1.0) 0.16
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Discussion

The current study aimed to identify association between 
BAV morphotype and aortic dimensions and dilation. In 
doing so, we hoped to provide potential further insight into 
the cause of aortic dilation in patients with BAV and to 
identify patient parameters associated with aortic dilation. 
As previously described in other cohorts [3, 16, 18–23], we 

observed BAV patients with R–L phenotype have margin-
ally greater aortic root dimensions than patients with R–NC 
morphotype, and may therefore be at greater risk of requir-
ing surgery [24]. However, prior studies have not been in 
agreement with these findings [25–29]. Unlike previous 
cohorts, this study differed from prior studies by inclu-
sion of older patients who had not yet undergone surgery, 
thus perhaps representing a cohort more representative of 

Table 3  Comparison of patients with and without aortic root dilation classified by Z score greater than 1.96 and 3.0

a r2 = 0.05
b r2 = 0.02

Aortic root Z score ≥1.96 Aortic root Z score ≥3

Z < 1.96 (n = 680) Z ≥ 1.96 (n = 149) Univariate P 
value

Multi-
variate P 
valuea

Z < 3 (n = 780) Z ≥ 3 (n = 49) Uni-
variate P 
value

Multi-
variate P 
valueb

Age (years) 54 ± 14 49 ± 14 <0.001 0.003 54 ± 14 47 ± 14 0.002 0.012
Gender (female) 190 (28%) 37 (25%) 0.46 0.044 213 (27%) 13 (25%) 0.91 0.020
BSA (m2) 1.97 ± 0.24 1.93 ± 0.22 0.035 0.003 1.97 ± 0.24 1.87 ± 0.23 0.005 <0.0001
BAV morphotype
 R–L fusion 529 (78%) 125 (84%) 0.10 0.019 612 (78%) 42 (86%) 0.22 0.043
 R–NC fusion 151 (22%) 24 (16%) 168 (22%) 7 (14%)

Aortic stenosis
 None or mild 537 (80%) 132 (89%) 0.002 0.005 603 (79%) 47 (96%) 0.005 0.004
 Moderate or 

severe
143 (20%) 15 (11%) 156 (21%) 2 (4%)

Aortic incompetence
 None or mild 615 (90%) 119 (80%) 0.002 0.009 677 (89%) 38 (78%) 0.013 0.037
 Moderate or 

severe
65 (10%) 28 (20%) 82 (11%) 11 (22%)

Table 4  Comparison of patients with and without ascending aorta dilation classified by Z score greater than 1.96 and 3.0

a r2 = 0.04
b r2 = 0.02

Ascending aorta Z score ≥ 1.96 Ascending aorta Z score ≥ 3

Z < 1.96 
(n = 392)

Z ≥ 1.96 
(n = 376)

Uni-
variate P 
value

Multi-
variate P 
valuea

Z < 3 (n = 564) Z ≥ 3 (n = 204) Univariate P 
value

Multi-
variate P 
valueb

Age (years) 55 ± 14 52 ± 13 0.003 0.019 55 ± 14 51 ± 13 <0.0001 0.002
Gender (female) 93 (24%) 111 (30%) 0.069 0.24 130 (24%) 74 (34%) 0.004 0.010
BSA (m2) 1.97 ± 0.23 1.95 ± 0.24 0.19 0.70 1.97 ± 0.23 1.94 ± 0.24 0.09 0.83
Aortic stenosis
 None or mild 299 (77%) 297 (82%) 0.066 0.22 425 (79%) 171 (82%) 0.34 0.89
 Moderate or 

severe
89 (23%) 64 (18%) 115 (21%) 38 (18%)

Aortic incompetence
 None or mild 343 (90%) 316 (88%) 0.59 0.62 476 (88%) 185 (89%) 0.89 0.98
 Moderate or 

severe
43 (10%) 45 (12%) 64 (12%) 24 (12%)
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an overall referral population than previously described 
surgical cohorts. Similarly, studies making use of both CT 
and MRI were also unable to find an association between 
BAV morphotype and specific regional aortic dilatation, 
validating our findings across different imaging modalities 
[25, 30]. Thus we argue that controversy still remains on 
this issue and that using different parameters, namely age, 
gender, and BSA, to predict aortic outcomes may be more 
clinically useful than using BAV morphology.

Ascending aortic dimensions and risk of aortic dilation 
did not differ between the two morphotypes, in contrast to, 
and agreement with previous observations. Furthermore, 
the majority of individuals with a BAV are not aware of 
their aortic valve anatomy until they have symptoms of aor-
tic valve disease or aortic aneurysm. Thus the observations 
we, and other studies, have made regarding associations 
between aortic valve morphotype and aortic dimensions 
may predominantly reflect the development of symptomatic 
disease rather than the rate of aortic dilation associated 
with aortic valve morphotype.

Previous studies have observed differences in aortic 
dimensions and rate of aortic dilation [31] between BAV 
morphotypes and suggested that BAV morphotype may be 
of use in risk stratification of BAV patients. However, we 
observed small differences in aortic dimensions between 
morphotypes in our study, that most likely do not have a 
major influence on incidence of aortic complications or 
determining timing of aortic surgery in BAV patients.

Wide inter-individual variability in aortic growth rates 
have been observed [27, 32] that are likely of greater clini-
cal significance than a population averages for a specific 
BAV morphotype. Thus, we propose that longitudinal fol-
low-up of all individuals with BAV will have greater utility, 
rather than increased intensity of follow-up of any particu-
lar BAV morphotype.

There is a lack of consensus on whether and how to 
adjust aortic dimensions for age, gender and body size 
when making clinical decisions. We observed strong uni-
variate associations between older age, male gender, taller 
height, heavier weight, greater body mass index and sur-
face area with increased dimensions of the aortic root and 
ascending aorta in patients with BAV, independent of BAV 
morphotype. These observations strongly support account-
ing for the patient’s body habitus when defining normal and 
abnormal aortic dimensions.

Currently, expert Guidelines use absolute aortic 
dimensions without normalization for patient character-
istics and do not account for the site of the maximal aor-
tic dimension [33]. Our observations that age, gender and 
BSA modify the association between BAV morphotype 
and aortic root dimensions can be interpreted as indi-
cating that use of aortic root Z scores may be advanta-
geous when assessing the dilated aortic root. We did not 

observe the same effect for the ascending aorta. Based on 
these findings, we suggest that Guidelines make use of 
morphometric parameters such as BSA, age and gender 
in determining a cutoff value for surgery. We observed 
persistence of these three variables in multivariate analy-
ses of aortic dimensions, demonstrating that the methods 
of normalization of aortic dimensions to Z score are not 
optimized [13] and that large-scale studies to improve Z 
score normalization methods are required. Similarly, we 
believe that Guidelines should take into account the site 
of aortic dimensions, thus allowing for normal differ-
ences in aortic dimension between the aortic sinuses and 
the tubular ascending aorta.

Limitations

The current study is a retrospective study without lon-
gitudinal follow-up. The rate of aortic expansion has 
important prognostic significance that was not examined 
in this population. The majority of patients examined in 
this study were imaged prior to planned aortic valve or 
aortic surgery and thus do not represent the full spectrum 
of the BAV population. Some studies have classified BAV 
into five or more different categories based on the pres-
ence (or absence of raphes), however, because many of 
our images were from just prior to surgery, severe calcifi-
cation very often made it difficult for us to determine the 
presence of a raphe. Surgical descriptions for the pres-
ence of a raphe were not provided in a consistent manner. 
Thus we elected to not include stratification based on the 
presence of a raphe. We were comfortable with the surgi-
cal description of valve orientation as this is usually dis-
cernable and consistent and thus we categorized the valve 
morphotype in a way we believed to be more clinically 
beneficial. These limitations potentially make the time 
and cause of presentation an important cause of observed 
differences in aortic size. In addition, we are unable to 
provide information in this cohort of the value of blood 
pressure control or other drug therapies upon aortic 
dimensions or rate of growth. Two issues that we cannot 
resolve in this study are a lack of standardization of imag-
ing dimensions between pediatric and adult patients and 
the differences in measurement of the aortic dimensions 
between different imaging modalities. For the major-
ity of our patients, only echocardiograms were available 
so we were unable to verify our techniques through the 
use of other imaging techniques. As a result, this study 
only focuses on the use of measurements derived from 
echocardiograms in determining z-scores and we are una-
ble to make any assessment on analysis of z-scores based 
on measurements from other imaging studies. The same 
goes for determining BAV morphotype.
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Conclusions

The current study shows only small differences in aortic 
dimensions between BAV morphotypes, that are eclipsed 
by patient characteristics such as age, gender, height and 
weight. We interpret these findings to mean that BAV 
patients will not likely benefit from risk stratification or 
therapies based on aortic valve morphotype. Rather, we 
propose that all BAV patients should undergo longitudi-
nal follow-up, independent of valve morphotype. Guide-
lines for aortic surgery based upon dimensions alone may 
be improved by considering patient characteristics such as 
age, body size and other characteristics.
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