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In Silico Shear and Intramural Stresses are Linked to Aortic Valve
Morphology in Dilated Ascending Aorta
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WHAT THIS PAPER ADDS

The use of computational modeling for risk stratification of aortic dilatation is a very promising approach.
Objective/Background: The development of ascending aortic dilatation in patients with bicuspid aortic valve
(BAV) is highly variable, and this makes surgical decision strategies particularly challenging. The purpose of this
study was to identify new predictors, other than the well established aortic size, that may help to stratify the risk
of aortic dilatation in BAV patients.
Methods: Using fluidestructure interaction analysis, both haemodynamic and structural parameters exerted on
the ascending aortic wall of patients with either BAV (n ¼ 21) or tricuspid aortic valve (TAV; n ¼ 13) with
comparable age and aortic diameter (42.7 � 5.3 mm for BAV and 45.4 � 10.0 mm for TAV) were compared. BAV
phenotypes were stratified according to the leaflet fusion pattern and aortic shape.
Results: Systolic wall shear stress (WSS) of BAV patients was higher than TAV patients at the sinotubular junction
(6.8 � 3.3 N/m2 for BAV and 3.9 � 1.3 N/m2 for TAV; p ¼ .006) and mid-ascending aorta (9.8 � 3.3 N/m2 for BAV
and 7.1 � 2.3 N/m2 for TAV; p ¼ .040). A statistically significant difference in BAV versus TAV was also observed
for the intramural stress along the ascending aorta (e.g., 2.54 � 105 � 0.32 � 105 N/m2 for BAV and
2.04 � 105 � 0.34 � 105 N/m2 for TAV; p < .001) and pressure index (0.329 � 0.107 for BAV and 0.223 � 0.139
for TAV; p ¼ .030). Differences in the BAV phenotypes (i.e., BAV type 1 vs. BAV type 2) and aortopathy (i.e.,
isolated tubular vs. aortic root dilatations) were associated with asymmetric WSS distributions in the right
anterior aortic wall and right posterior aortic wall, respectively.
Conclusion: These findings suggest that valve mediated haemodynamic and structural parameters may be used
to identify which regions of aortic wall are at greater stress and enable the development of a personalised
approach for the diagnosis and management of aortic dilatation beyond traditional guidelines.
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INTRODUCTION

Bicuspid aortic valve (BAV) is the most common congenital
heart defect, leading to a significant healthcare burden.1

The reported prevalence of dilatation of the ascending
aorta among patients with BAV (namely “bicuspid aortop-
athy”) is highly variable with a reported prevalence of 20e
84%.2 This variation is probably a reflection of the diverse
molecular pathways, valve phenotypes, flow dynamics, and
patterns of aortic dimension characterising the BAV disease.

The rate of abnormal dilatation observed in the
ascending aorta is higher in patients with bicuspid vs.
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tricuspid aortic valve (TAV).3 With an understanding that
BAV leads to greater risk of aortic dissection or rupture,
there are currently no reliable predictors to better inform
clinicians whether an aggressive approach is appropriate.4

The most challenging questions for surgeons often arise
with decisions whether to prophylactically resect a moder-
ately dilated aorta in those individuals with a normally
functioning BAV. In this case, the risk/benefit ratio of an
aggressive strategy, aimed at carrying out surgery on a
better preserved cusp structure, has not yet been clarified.5

Recently, classification schemes that are based on
morphological valve fusion patterns have been proposed as
potential criteria for risk stratification of bicuspid aortop-
athy.6,7 Similarly, four dimensional (4D) flow magnetic
resonance imaging (MRI) has provided some insight into
haemodynamic mechanisms potentially involved in the
development of BAV associated aortopathy.8 However,
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none of the proposed classification schemes is currently
adopted in clinical practice; large prospective studies are
warranted to assess the potential of 4D flow MRI.

It was hypothesised that haemodynamics and aortic wall
structural variables are useful in the risk stratification of
aortic dilatation, specifically occurring in patients with BAV.
Therefore, the present study aimed to compare computa-
tionally derived haemodynamics and structural variables
that are exerted on the dilated ascending aorta of patients
without any concomitant cardiovascular diseases other than
BAV or TAV. The role of different BAV phenotypes and
patterns of aortic shape was also investigated.
METHODS

Study population and computed tomography imaging

After internal review board approval and informed consent,
a total of 21 BAV patients and 13 TAV patients referred for
aortic size evaluation by electrocardiogram (ECG) gated
computed tomography angiography (CTA) were enrolled.
Patient exclusion criteria were: arterial hypertension; con-
nective tissue disorders in the medical history or thorax
deformations; medication or past surgery; greater than mild
aortic stenosis or aortic regurgitation assessed by ECG. This
was carried out to form a homogeneous and strict study
group of individuals with as few confounding variables as
possible influencing haemodynamics in the dilated
ascending aorta. Elective surgical repair of aneurysmal aorta
was carried out for six BAV patients and five TAV patients
with aortic sizes of 48.5 � 1.6 mm and 51 � 3.6 mm,
respectively.
Measurements of aortic dimension and geometry

For all patients, aortic diameters were measured at the si-
nus of Valsalva (Dsinus), sinotubular junction (DSTJ), and mid-
ascending aorta (Dasc) by experienced radiologists using
standard of care imaging. Measurements were collected on
oblique-sagittal images reconstructed at the mid-diastolic
phase for the aortic root and ascending thoracic aorta. To
assess aortic valve morphology, ECG gated CTA scans were
reconstructed to obtain images at cardiac phases corre-
sponding to diastole and systole.9 Each aortic valve was
analysed and characterised on the basis of reconstructed
images parallel to the aortic valve plane. BAV was defined
as the presence of two cusps and commissures, with or
without raphe in either structure. Schaefer’s classification
scheme of aortic shape and leaflet cusp fusion was adop-
ted.7 In brief, BAV type 1 was classified as fusion of the right
and left coronary cusp, whereas BAV type 2 was defined as
fusion of the right and non-coronary cusp. There was no
observation of fusion of the left and non-coronary cusp
(BAV type 3) in this group. Aortic measurements were used
to group dilated aortas as: type N when Dsinus > DSTJ and
Dsinus � Dasc, as showed by dilatation of aortic root; type A
when Dsinus > DSTJ and Dsinus < Dasc, as shown by involve-
ment of tubular portion of ascending aorta; type E when
Dsinus < DSTJ, as showed by diffuse involvement of the
entire ascending aorta.

Aortic tissue samples were collected as permitted by the
extent of ascending aortic resection and labeled according
to their anatomical location with respect to the aortic wall.
Tissue samples were then embedded transversally in
paraffin and cut at 5 mm thickness. Cross sections were
stained by haematoxylin and eosin (H&E) and imaged by
light microscopy following standard protocol by
pathologists.
Computational flow analysis

Computational flow analyses were carried out using an
approach previously developed by the authors’ group to
study the haemodynamics and wall stress of ascending
thoracic aortic aneurysms by considering the aortic valve
shape at systole.10,11 In the modeling approach (see Fig. 1),
realistic patient specific structural and flow conditions are
integrated in a fluidestructure interaction model to
diminish the impact of theoretical assumptions that are
common to other computational investigations of aneu-
rysmal aorta.12e14 Reconstruction of aortic geometries from
ECG gated CTA scans were performed using the vascular
modeling toolkit ITK (https://itk.org/), as described previ-
ously.10 The biomechanical response of the aorta was
modeled using material parameters that have been deter-
mined by testing tissue samples collected from patients
referred for surgical resection of dilated aorta with either
BAV or TAV.15 Therefore, the biomechanical behavior of the
aorta was different for BAV patients than for TAV patients.
Using a fibre reinforced constitutive model, the mechanical
response of the aorta considered the collagen fibre
dispersion and orientation that has been quantified using
multiphoton imaging and a custom image based analysis
tool to rigorously characterise the inherent fibre defect of
BAV patients versus TAV patients.16 Uniform material
properties and thickness (1.8 mm for BAV and 2.0 mm for
TAV) for the aortic wall were adopted. To include patient
specific haemodynamics, the transaortic jet velocity evalu-
ated by Doppler ECG was set as the inflow velocity condi-
tion at the aortic valve for each patient. The inlet flow was
then split between supra-aortic vessels and descending
aorta using resistances boundary conditions with values
extrapolated from Kim et al.17 Boundary conditions were
adjusted to match the flow distribution as obtained from
literature data,18 and the measured brachial artery pulse
pressure (see Fig. 1). Aortic geometries were reconstructed
using semi-automatic segmentation of ECG gated CTA im-
ages with the largest aortic valve opening area, which
frequently occurs 50e100 ms after the R peak.10 Thus, re-
constructions were meshed by unstructured elements at
spatial resolution of 0.1 � 0.1 � 0.1 mm for both lumen
and aortic wall using a resolution an order of magnitude
lower than that of 4D flow MRI.

The following haemodynamic and structural variables for
each analysis were evaluated: (a) the wall shear stress
(WSS) in systole; (b) the pressure index (PI) as the mean of
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Figure 1. Illustration of fluidestructure interaction modelling of the ascending aorta. Note. IMS ¼ intramural stress.
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95% higher values of pressure normalised by the peak; (c)
the helical flow index (HFI) as descriptor of complex, fully
three dimensional flow fields according to Morbiducci et al.
(this variable has a range of 0 � HFI � 1 with 0 for irro-
tational flow);19 (d) the intramural stress (in term of Mises
stress) for the inner (IMSIn) and outer aortic layers (IMSOut),
respectively. These variables were processed using EnSight
software package (v9.0; CEI, Apex, NC, USA) and then
overlaid on anatomical images of thoracic aorta.
Statistical analysis

Data are shown as mean � SD or % (n), depending on the
variable distribution. ManneWhitney U-test was used to
compare both haemodynamic and structural variables be-
tween BAV and TAV patients at different analysis planes
located from the sinus to the distal ascending aorta. Com-
parisons were also performed to assess differences in
haemodynamics and structural variables between valve
phenotypes (i.e., BAV type 1 vs. BAV type 2) and aortic
shapes (i.e., type A vs. types N and E) for several angular
segments of the aortic wall. Differences between categori-
cal variables were assessed by Fisher’s exact test. The as-
sociation between aortic diameters, transaortic jet velocity,
haemodynamic, and structural variables was explored using
Pearson’s correlation coefficients. Statistical analyses were
performed using SPSS software (IBM SPSS Statistics,
Armonk, NY, USA). All probability values were considered
significant at the .05 threshold.
RESULTS

Patient demographics are summarised in Table 1. The dis-
tribution of age in BAV patients did not differ significantly
from that of TAV patients (p ¼ .061), with a male pre-
dominance of 72% (n ¼ 16) in the BAV study group. There



Table 1. Descriptive statistics of patient demographics, aortic
diameters, and phenotypic classification of bicuspid aortic valve
(BAV) and aortic shape.

BAV (n ¼ 21) TAV (n ¼ 13) p
Age (y) 58 � 13 65 � 9 .061
Male (%) 76 23 .004
AR (%) 76 44 .139
AS (%) 10 23 .348
Aortic diameters (mm)

Sinus 37.1 � 4.7 38.8 � 2.6 .676
STJ 35.4 � 6.2 38.9 � 6.6 .132
Mid-ascending aorta 42.7 � 5.3 45.4 � 10.0 .451

Aortic shape (n)
Type N 2 3
Type A 15 7
Type E 4 3

BAV aortopathy (n)
Type 1 14 e
Type 2 7 e

Orifice area (mm2) 346.2 � 88.6 447.8 � 75.8 .003
Aortic jet flow (m/s) 2.0 � 0.8 1.7 � 0.6 .124

Note. Data are mean � SD unless otherwise indicated.
TAV ¼ tricuspid aortic valve; AR ¼ aortic regurgitation;
AS ¼ aortic stenosis; STJ ¼ sinotubular junction.
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were no significant differences in the aortic diameter for
BAV vs. TAV patients at the level of sinus (p ¼ .676), sino-
tubular junction (p ¼ .132), and mid-ascending aorta
(p ¼ .451). The majority of BAV patients had minimal (48%)
or mild (28%) regurgitation through the aortic valve and a
minimal degree of aortic stenosis (10%), whereas other
patients did not present any valve lesions. For TAV patients,
the degree of regurgitation fraction was minimal (30%) and
mild (14%), whereas the degree of aortic stenosis was
minimal (16%) and mild (7%) when valve dysfunction was
observed. None of patients had both mild aortic stenosis
and regurgitation. Transaortic jet velocity did not statisti-
cally differ between BAV and TAV patients (p ¼ .124),
whereas a significant difference was noted for the orifice
area between these groups (p ¼ .003). Among BAV phe-
notypes, 14 patients had BAV type 1 and seven BAV type 2.
The most prevalent aortic anatomy was type A (71%) with
isolated dilatation of tubular portion of the ascending aorta,
both overall and among BAV. Type N (10%) and type E (19%)
were the least common. For aneurysmal aorta with TAV,
seven patients had type A shape (54%), three had type N
(23%), and three had type E (23%).

Flow streamlines in patients with BAV and TAV showed a
remarkable association between the helical flow and the
presence of BAV, with right handed helical flows common
to BAV type 1 (Fig. 2). Indeed, helical flow quantification
calculated with respect to the particle traces moving in the
ascending aorta revealed that BAV patients had higher he-
lical flow than TAV patients, although statistically different
(HFI ¼ 0.378 � 0.047 for BAV and HFI ¼ 0.361 � 0.032 for
TAV; p ¼ .056). The median PI in BAV patients was found to
be significantly different from that of TAV patients
(0.329 � 0.107 for BAV and 0.223 � 0.139 for TAV;
p ¼ .030), suggesting that the altered BAV related flow
impinges a more focused area of the aortic wall rather than
an extended one as observed in TAV. The mean values of
systolic WSS on each analysis plane were significantly
increased at the sinotubular junction and ascending aorta of
BAV study group when compared with the TAV control
group (Figs. 3 and 4A). Similarly, a statistically significant
difference in BAV vs. TAV patients was observed for the
distribution of IMS on both the inner and outer aortic
medial layers (Fig. 4B). This distribution of both WSS and
IMS may participate in the dysregulation of the extracellular
matrix of the aneurysmal aorta with BAV, as shown by
histological observations in the aortic wall surface corre-
sponding to high shear stress distribution. Fig. 5 shows that
BAV may present aortic wall thinning characterised by the
presence of atheromatous plaques in the intima and frag-
mentation of elastic fibres when compared with TAV.

With Pearson’s correlation for the BAV study group, sys-
tolic WSS at the sinotubular junction was statistically
related to the pressure parameter PI (R¼ .57; p ¼ .021) and
to the mid-ascending aortic diameter (R¼ .76, p ¼ .002;
Fig. 6A). Similarly, a positive correlation was found between
IMS and mid-ascending aortic diameter in BAV patients
(R¼ .69, p ¼ .003 for AA1; R¼ .89, p < .001 for AA2;
R¼ .75, p < .001 for AA3 [Fig. 6B]). Interestingly, BAV pa-
tients who underwent elective repair had greater IMS than
non-repaired patients (2.85 � 105 � 0.25 � 105 N/m2

[n ¼ 6] for elective repaired aorta and
2.28 � 105 � 0.25 � 105 N/m2 [n ¼ 15] for non-repaired
aorta [p < .001]).

For BAV, systolic WSS distribution in the ascending aorta
showed distinct differences between valve phenotypes and
aortic shapes. Based on a consistent orientation of the
analysis planes, systolic WSSs were calculated at eight
standardised angular segments of the aortic wall. The
location of significantly increased WSSs was different for
BAV type 1 and BAV type 2 with the anterioreposterior
morphology at high magnitude in the R and ReA segments
at the sinotubular junction, as well as in the LeP, L, LeA,
and A segments at analysis plane AA2 (Fig. 7A). When BAVs
were grouped according to their aortic shape (Fig. 7B),
significantly decreased WSSs were observed in the right
quadrant for ascending tubular dilated aorta (type A) when
compared with dilated aortic roots (type N) and sinus
effacement aortas (type E).
DISCUSSION

The most striking finding of this study is that the entire
ascending aorta of BAV patients showed greater wall shear
and intramural stresses than those observed in TAV patients
with comparable age and aortic size. Locally varying WSSs
were associated with different patterns of both BAV fusion
pattern (BAV type 1 vs. BAV type 2) and aortopathy
phenotype (type A vs. type N/E). These suggest that wall
stress parameters as estimated by computational modeling
may be used to identify which regions of aortic wall are at
greater stress and should therefore be repaired with
improved strategies aimed at preserving the extent of



Figure 2. Flow patterns in the aorta of bicuspid aortic valve (BAV) patients (row 1 and 2) and tricuspid aortic valve (TAV) patients (row 3);
patients had BAV type 1 with dilated aortic root (row 1, left), BAV type 2 with diffusive dilatation of ascending aorta (row 1, right), BAV
type 2 with tubular dilatation of ascending aorta (row 2, left), BAV type 1 with tubular dilatation of ascending aorta (row 2, right).
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resection. With validation, computational modeling may
enable the development of an individualised approach to
the diagnosis and management of aortic disease beyond
traditional guidelines. None of patients investigated here
had severe aortic stenosis or aortic valve regurgitation or
other cardiovascular diseases, and this allowed the impact
of potential cofounding variables of BAV aortopathy on the
estimated haemodynamic and structural loads to be
diminished.

In patients with BAV, this surgical dilemma is emphasised
by clinical observations for which the progression of an
aortic dilatation varies considerably among BAV pheno-
types. This perspective has encouraged a more aggressive
management of BAVs towards size recommendations
similar to those applied in patients with Marfan syndrome
or other hereditary diseases. Although the size criterion can
be adjusted to achieve higher patient specificity, progress is
needed toward even better metrics by the use of other
parameters not based on size. For aneurysms of descending
thoracic aorta, peaks of IMS correlated with expansion rates
better than aortic diameter.20 On the convex side of the
ascending aorta, BAV patients exhibited increased IMS
above the sinotubular junction more often than TAV pa-
tients, and increased rupture risk with elevated systolic IMS
and tissue stiffness.13 In addition, it was found that the
mean values of IMS in a subgroup of BAV patients who
underwent surgery was higher than those of non-repaired
aneurysmal aorta patients, suggesting that IMS may be
used to identify patients at high risk of complications. To
differentiate BAV from TAV patients, several studies have
explored the haemodynamics of the ascending thoracic
aorta in BAV to potentially provide new metrics such as the
restricted cusp opening angle,21 the flow angle and flow
displacement,22 and, above all, the shear stress as derived
by 4D flow MRI.8 Helical flow patterns and regionally
varying WSSs have been described in BAV patients vs. TAV
patients using 4D flow MRI or computational
modeling.8,10,11,23 Aortic outflow displaced by the



Figure 3. Systolic wall shear stress (WSS) distribution for patients with bicuspid aortic valve (BAV) type 1 and tubular aortic dilatation (row
1, left), BAV type 1 with diffusive aortic dilatation (row 1, right), BAV type 1 with tubular aortic dilatation (row 2, left), BAV type 2 with
tubular aortic dilatation (row 2, right), BAV type 1 with tubular aortic dilatation (row 3, left), BAV type 2 with tubular aortic dilatation (row
2, left).
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morphology of the aortic cusp fusion may increase local
aortic wall shear stress causing adverse vascular remodel-
ling and ultimately resulting in proximal dilatation of the
ascending aorta. Indeed, it has recently been demonstrated
that BAV patients are characterised by an extracellular
matrix remodelling process that results in the degeneration
of the elastic and collagen fibres within the aortic wall.24 In
these studies, histological observations indicated the likeli-
hood of aortic wall damage near the region of increased
WSSs, although this investigation was limited to few surgi-
cally repaired aortas seen during the period of investigation.
A recent well designed study in a large patient cohort
concluded that regions of increased WSSs as derived by 4D
flow MRI are associated with extracellular matrix
dysfunction and elastic fibre degeneration in the ascending
aorta of BAV patients, supporting valve related haemody-
namics as a mediator of bicuspid aortopathy.25

Four dimensional flow MRI allows the calculation of the
first order derivative flow parameter (i.e., the WSS), from
the spatial and temporal measurements of the three
directional velocity field. Using this imaging technique,
Mahadevia et al. showed that BAV type 1 results in
increased WSSs in the right angular segment of the aortic
wall (potentially leading to isolated tubular ascending
aortic dilatation),8 whereas BAV type 2 leads to increased
WSS magnitudes in the posterior angular segment of the
aortic wall (potentially leading to distal ascending aortic
dilatation). The results of asymmetric WSSs in BAV type 1



Figure 4. (A) Wall shear stresses (WSSs) and (B) inner aortic layer intramural stress (IMSIN) for bicuspid aortic valve (BAV) patients (black
bars) and tricuspid aortic valve (TAV) patients (white bars) at different analysis planes along the ascending aorta. Note. STJ ¼ sinotubular
junction. *Significantly different from TAV patient (p < .05).
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versus BAV type 2 corresponded well to those estimated
by 4D flow MRI. However, it should be noted that the
accuracy of 4D flow MRI predictions is limited by a low
spatial and temporal resolution of the velocity gradient at
vessel edge. This probably explains the higher WSS
magnitude found in the present study than those esti-
mated by MRI. In practice, although 4D flow MRI can
provide an in vivo estimation of the relative distribution of
WSS, errors in gradient calculation can be large, and ab-
solute magnitude of shear forces is not reliable.26 Differ-
ently, WSS predictions from computational modeling are
clearly advantageous as calculations of haemodynamics
are performed at higher spatial resolution near vessel edge
than that conceivable with 4D flow MRI. It is, however,
recognised that computational modeling is complex and
relies on theoretical assumptions on biomechanical prop-
erties and initial flow conditions, which are not common to
4D flow MRI. Therefore, computational modeling and 4D
flow MRI have unique complimentary advantages and
limitations so that the combination of these techniques
should be advocated.
Figure 5. Haematoxylin and eosin histological observations (magnificat
of increased systolic wall shear stress (WSS) for a tricuspid aortic va
phenotype and tubular aortic dilatation.
Study limitation

A few simplifications were made in the computational
modelling approach. Material parameters and tissue thick-
ness were assumed to be uniform along the ascending
thoracic aorta, although the ascending aorta and aortic root
have different mechanical properties and thicknesses.
Moreover, material properties of aneurysmal aorta were
not patient specific but rather population average values
obtained from biomechanical testing of aortic tissue sam-
ples from patients with either BAV or TAV who underwent
elective repair.15 Resolution of the multiphoton technique is
limited across the thickness so that fibre changes from the
intimal to the adventitial aortic tissue surface may not have
been fully captured. Material properties and fibre archi-
tecture changes along the longitudinal aortic direction were
not modelled. The longitudinal stretch of the aorta induced
by the heart motion and the zero pressure geometry of the
vessel were not considered as these aspects may be chal-
lenging to model in fluidestructure interaction analyses. A
clinical limitation was the inclusion of mild degrees of aortic
regurgitation or stenosis (but not the combination of both
ion 5�) of surgically resected tissue samples collected from region
lve patient (left) and a bicuspid aortic valve patient with type 1



Figure 6. Plot showing positive correlation (A) between wall shear stress (WSS) and mid-ascending aortic diameter, and (B) between
intramural stress (IMS) and mid-ascending aortic diameter; specifically the IMS of elective repaired aorta was within the indication for
surgery.

Figure 7. Mean values of segmental systolic wall shear stress (WSS) distribution at different planes of analysis for (A) bicuspid aortic valve
(BAV) type 1 (A) versus (B) BAV type 2, as well as for (C) type A aortic shape versus (D) type E/N aortic shape across anatomical locations.
Note. L ¼ left; R ¼ right; A ¼ anterior; P ¼ posterior; L-A ¼ left-anterior; R-A ¼ right anterior; L-P ¼ left-posterior; R-P ¼ right-posterior;
STJ ¼ sinotubular junction. *Significantly different from BAV type 2 (p < .05).
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these valve related cofounding variables). Additionally, his-
tological investigations of aortic tissue samples were limited
to few representative cases. Inter-observer variability of
aortic measurements and histological data were not inves-
tigated in this study.

CONCLUSIONS

The present study shows that BAV patients with preserved
valvular functionality have significantly altered computa-
tionally derived wall shear and intramural stresses on the
ascending thoracic aorta compared with TAV patients with
comparable age and aortic size. Moreover, these compu-
tational parameters correlated with the aortic size. In
addition, WSS was associated with asymmetric distribution
along the aortic circumference with variable degree be-
tween different BAV phenotypes and aortopathy. Therefore,
this study supports the use of non-size parameters to
identify patient tailored indications and refine surveillance
imaging criteria in BAV. However, future longitudinal studies
are warranted to assess the correlation between the pro-
posed haemodynamic and structural indices and aortopathy
events, as well as the effect of these indices on proteomic
changes, gene expression, and inflammatory changes in the
aortic wall.
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Ventriculo-caval Shunt Migration
M. Elens *, P. Astarci
Department of Cardiovascular and Thoracic Surgery, St Luc Hospital, Catholic University of Louvain, Brussels, Belgium
A 24 year old man with a previously inserted ventriculo-caval shunt (VCS) presented with diplopia and left hemithorax pain
over 2 days. A brain CT scan showed a ventricular volume increase. During attempted VCS revision, migration of the shunt
became apparent. A post-operative thoracic CT showed migration of the VCS into the pulmonary trunk and arteries (arrow 1)
with an extension in a left segmental artery, causing a small intra-alveolar bleed (arrow 2). The shunt was successfully
retrieved with an endovascular snare via femoral vein access. Diplopia and left hemithoracic pain were fully resolved 2 days
after the procedure.
vier Ltd. All rights reserved.
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