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ABSTRACT

Objective: An elevated risk of acute type B aortic dissection exists in patients with
Marfan syndrome after the David procedure. This study explores hemodynamic
changes in the descending aorta postsurgery.

Methods: A single-center retrospective review identified 5 patients with Marfan
syndrome who experienced acute type B aortic dissection within 6 years after
the David procedure, alongside 5 matched patients with Marfan syndrome without
dissection more than 6 years postsurgery. Baseline and postoperative computed
tomography and magnetic resonance scans were analyzed for aortic geometry
reconstruction. Computational fluid dynamic simulations evaluated preoperative
and postoperative hemodynamics.

Results: Patients with acute type B aortic dissection showed lower blood flow ve-
locities, increased vortices, and altered velocity profiles in the proximal descending
aorta compared with controls. Preoperatively, median time-averaged wall shear
stress in the descending aorta was lower in patients with acute type B aortic dissec-
tion (control: 1.76 [1.50-2.83] Pa, dissection: 1.16 [1.06-1.30] Pa, P ¼ .047). Postsur-
gery, neither group had significant time-averaged wall shear stress changes
(dissection: P ¼ .69, control: P ¼ .53). Localized analysis revealed surgery-
induced time-averaged wall shear stress increases near the subclavian artery in
the dissection group (range, þ0.30 to þ1.05 Pa, each comparison, P< .05). No
such changes were observed in controls. Oscillatory shear index and relative resi-
dence time were higher in patients with acute type B aortic dissection before
and after surgery versus controls.

Conclusions: Hemodynamics likely play a role in post–David procedure acute type
B aortic dissection. Further investigation into aortic geometry, hemodynamics, and
postoperative acute type B aortic dissection is vital for enhancing outcomes and
refining surgical strategies in patients with Marfan syndrome. (JTCVS Open
2024;21:1-16)
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Preoperative and postoperative TAWSS of patients
with MFS with post-VSRR type B aortic dissection.
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Patient-specific simulations and
hemodynamic analysis reveal
that both anatomic and surgically
induced geometric features in
patients with MFS may play a role
in post-VSRR type B aortic
dissection.
PERSPECTIVE
Since the introduction of the David procedure,
patients with MFS have experienced improved
lives with reduced risks of type A aortic dissection
and valve-related complications. However, there
is an elevated rate of postrepair ATBADs. Compu-
tational simulations can provide insight into the
complex interplay among patient anatomy, hemo-
dynamics, and ATBAD.
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Abbreviations and Acronyms
ATBAD ¼ acute type B aortic dissection
BC ¼ boundary condition
CFD ¼ computational fluid dynamics
4D ¼ 4-dimensional
MFS ¼ Marfan syndrome
MRI ¼ magnetic resonance imaging
OSI ¼ oscillatory shear index
pDTA ¼ proximal descending thoracic aorta
RRT ¼ relative residence time
TAWSS ¼ time-averaged wall shear stress
VSRR ¼ valve-sparing root replacement
WSS ¼ wall shear stress
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a role in influencing this risk.

MATERIALS AND METHODS
JTCVS Open c October 2024
Aortic root aneurysms represent the primary cause of
morbidity and mortality in patients with Marfan syndrome
(MFS).1 The David procedure, introduced in 1992 specif-
ically for those with MFS, is an aortic valve-sparing root
replacement (VSRR) technique that eliminates the risk of
type A aortic dissection and offers exceptional long-term
freedom from aortic valve reoperation or insufficiency.2,3

However, we and others reported a 20-year acute type B
aortic dissection (ATBAD) rate of 19% to 20% after prox-
imal repair for patients with MFS.3,4

Type B dissections typically occur in aortas with rela-
tively normal dimensions, making them challenging to pre-
dict. This elevated rate of ATBADmay be related to intrinsic
weakened aortic tissue properties related to MFS or patho-
logical hemodynamic forces, such as altered wall shear
stress (WSS), which in turn are correlated with mechanical
properties of the aortic wall.5,6 Evidence suggests that he-
modynamic indices vary between patients withMFS and pa-
tients without MFS.6-9 The diverse aortic anatomy among
patients with MFS and the alterations in aortic geometry
induced by the David procedure can collectively influence
postoperative blood flow patterns and WSS. These factors
may contribute to future complications, including ATBAD.

Thus, it appears imperative to quantify WSS to better un-
derstand hemodynamic risk factors for ATBAD. In this re-
gard, 4-dimensional (4D) magnetic resonance imaging
(MRI) and computational fluid dynamics (CFD) provide
noninvasive insights into blood velocity, streamlines, and
WSS within the cardiovascular system.8,9 However, the
limited spatiotemporal resolution of 4D MRI, along with
noise-related phase errors, adversely affects the accuracy
of its results.10 In contrast, patient-specific CFD simulations
offer superior spatial and temporal resolution compared with
4D MRI.11 With the use of CFD, Nannini and colleagues12

recently showed that implanting a graft induces changes in
the hemodynamics and biomechanics in the thoracic aorta,
potentially initiating adverse vessel remodeling. Wang and
colleagues6 indicated that although anatomic features remain
critical for assessing the risk of ATBAD development, hemo-
dynamic analyses have shown promising potential.

Therefore, we aim to conduct a CFD comparison be-
tween patients with MFS who developed post-VSRR AT-
BAD and patients who did not to determine hemodynamic
differences based on their baseline aortic geometry. Addi-
tionally, we aim to explore the influence of the VSRR itself
in altering hemodynamics in the descending thoracic aorta.
By conducting both comparisons, we tease out whether AT-
BAD may be predictable in patients with MFS based on he-
modynamics and how we conduct the original VSRR plays

Image Acquisition
A retrospective study was designed by assessing the medical records of

patients with MFS who underwent the David procedure at Toronto General

Hospital. Of 203 patients with MFS, 5 had distal aortic dissections after

VSRR (dissection group). We selected another 5 patients from the original

cohort, matched for age and gender to the patients in the dissection group,

who also underwent VSRR but did not develop distal dissections after at

least 6 years of follow-up (control group). For both groups, we gathered

prerepair, postrepair, and follow-up computed tomography or MRI scans

(scan resolution varying between 0.6 and 3.0 mm), including post-

ATBAD if applicable.

Patient-Specific Computational Modeling
Figure 1 depicts the computational methodology used in this study. We

previously published our workflow to reconstruct aortic geometries using

ITK-SNAP.13-15 Subsequently, the reconstructed geometry is adjusted to

prepare it for numerical flow simulations. More specifically, surface

smoothing operations are implemented in MeshMixer

([RRID:SCR_015736] AM) to reduce reconstruction noise caused by

measurement variations in the computed tomography/MRI images.

Significant effort was made to ensure that the level of smoothness did

not lead to simplification of the geometry or the exclusion of any

geometric features. Following a mesh study on parameters of interest,

2,500,000 elements (element size ¼ 1e-3) were chosen for this study.

The governing equations are the continuity and the Navier-Stokes equa-

tions. Transient, laminar, Newtonian, and incompressible flow simulations

in ANSYS were conducted for 4 cardiac cycles to ensure that the results

converged to steady-periodic flows, but only the fourth cycle was used

for the postprocessing of the results. The viscosity and density parameters

were set to m ¼ 0.004 Pa$s and r ¼ 1060 kg$m̂–3, respectively.13 The

vessel wall was assumed to be rigid. For the inlet boundary condition

(BC), a generic time-varying waveform derived from averaging the flow

waveforms of 40 patients with accessible 4D MRI scans was used.16 The

waveform was scaled based on anthropometric data of patients to match

their cardiac output and was applied to all patients.17,18 For the outlet

BC, a 3-element Windkessel model was used to include the resistance of

the downstream vasculature.19

Postsimulation, the 90th percentile WSS, time-averaged wall shear

stress (TAWSS), oscillatory shear index (OSI), and relative residence
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FIGURE 1. Schematic of the computational workflow used in this study. BC, Boundary condition; TAWSS, time-averaged wall shear stress.
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time (RRT) were assessed both globally across the entire descending aorta

and locally within different segments of the descending aorta.

Statistical Analysis
Statistical analysis was conducted using an in-house Python code. He-

modynamic parameters were analyzed for the dissection and control groups

preoperatively and postoperatively. The Kolmogorov-Smirnov test as-

sessed the normality of the distribution. For normally distributed data, a

Student t test was used, and the Mann–Whitney U test was used for non-

normally distributed data.
RESULTS
Patient Demographics

Patient demographics are summarized in Table 1.
The dissection group consisted of 5 patients aged
37� 13 years at the time of the original VSRR. The median
of time from surgery to occurrence of the ATBAD was
3 years (range, 0.8-6 years). The control group consisted
of 5 patients aged 32 � 13 years at the time of the original
VSRR, and their median length of follow-up without AT-
BAD was 6.2 years (6-7 years).

For the matching process, our focus was on age and sex.
Sex plays a crucial role in estimating cardiac output due to
differing assumptions for men and women. Additionally,
our prior study demonstrated that the spatial distribution
of the inlet BC minimally impacts hemodynamic parame-
ters in the descending aorta.14 Thus, scaling the inlet BC
by patients’ cardiac output sufficed for evaluating
hemodynamic parameters in this region, aligning with find-
ings in other studies for type B aortic dissection.20 Toward
this end, we used patients’ heights and weights to derive
their body surface area, which was then used to calculate
cardiac output for adjusting our inlet BC accordingly.17,18

Moreover, age was prioritized for matching because of its
significant influence as the strongest predictor of material
properties of the aortic wall.21

Streamline
A qualitative analysis was conducted of the blood flow

streamlines and their velocities throughout the cardiac cy-
cle. We focused on the proximal descending thoracic aorta
(pDTA), the site most prone to primary intimal tears. We
observed consistent patterns across pairs, and pair 1 is
detailed as an illustration in Figure 2.
During flow acceleration, the streamlines are well orga-

nized for both patient groups, and small vortices can be
observed near the valve preoperatively. As one moves
distally along the aorta, areas of maximal velocity, whether
along the inner or outer curvatures of the aorta, changes.
The preoperative and postoperative difference between
this eccentricity of velocity profiles is more pronounced
in patients in the dissection group, whereas for control pa-
tients, the velocity contours remained similar.
During peak systole, velocity increases, and vortices near

the valve become stronger, causing disruption in the
JTCVS Open c Volume 21, Number C 3



TABLE 1. Patient demographics

Patient

pair Group

Age,

y Gender

Height

(cm)

Weight

(kg)

Preoperative

AI

Postoperative

AI

Preoperative

EF (%)

Postoperative

EF (%)

Concomitant

procedures

Pair 1 Dissection 60 F 182 88 Mild to

moderate AI

Mild AI 60 40 -

Control 50 F 185 79 Mild to

moderate AI

Trace AI 60 49 -

Pair 2 Dissection 36 M 185 91 Mild to

moderate AI

Trace AI 60 60 -

Control 32 M 180 58 Trace AI Trace AI 60 60

Pair 3 Dissection 37 M 188 86 Moderate AI Trace AI 60 60 -

Control 39 M 200 97 Trace AI No AI 60 60 Redo sternotomy,

Mitral valve repair

Pair 4 Dissection 51 M 185 70 Mild AI Mild AI 60 60 -

Control 54 M 185 77 Severe AI Trace AI 60 50 CABG

Pair 5 Dissection 27 M 174 82 Mild to

moderate AI

Trivial AI 60 60 -

Control 25 M 196 73.5 No AI No AI 55 40 -

AI, Aortic insufficiency; EF, ejection fraction; CABG, coronary artery bypass grafting.

Adult: Aorta Tajeddini et al
streamlines for both patients and generating a helical mo-
tion. This helical motion is a result of the secondary flow
superimposed onto the main flow of the sweeping jet.
Therefore, a region of high velocity magnitude originating
from the jet is carried along the aortic arch. Subsequently,
a high-momentum flow propagates into the pDTA. This dis-
turbs the eccentricity of velocity profiles, causing the region
of high velocities to get closer to the outer curvature
compared with the previous timepoint. Near the inner cur-
vature, although there are still regions of lower velocity, re-
gions of high velocity also appeared. Once again, the
differences in preoperative and postoperative velocity con-
tours are more pronounced for patients with dissection
compared with the control group.

During flow deceleration, a stronger recirculating zone is
observed for both patient groups, leading to more disorga-
nized streamlines potentially due to the instability caused
by the flow deceleration. For patients in the dissection
group, vortices are present near both the inner and outer cur-
vatures of the pDTA, and they are stronger and have higher
momentum after the operation. In contrast, for control pa-
tients, this disturbed flow is shaped slightly further distal
to the subclavian artery with weaker vortices. Additionally,
after the operation, these vortices tend to be closer to the
centerline of the vessel rather than the wall. In terms of ve-
locity profiles, for the dissection group, both preoperatively
and postoperatively, a low velocity magnitude immediately
downstream of the subclavian artery is seen. However, an
increase in velocity is then observed, near the inner curva-
ture especially and the outer curve, indicating the presence
of vortices. On the other hand, for the control group, profiles
and their eccentricity are consistent across the proximal
4 JTCVS Open c October 2024
descending aorta, and the velocity levels are lower than in
the dissection group, unlike at the previous time points.
This suggests that control patients exhibit more stable
flow in the pDTA compared with patients with dissection.
The same results can be seen for reverse flow and diastole
time points.

Velocity Vectors
Figure 2 provides a visual representation the velocity

vectors for pair 1 preoperatively and postoperatively.
Notably, when examining patients in the dissection group,
the differences between preoperative and postoperative
conditions are more pronounced compared with control pa-
tients. For instance, during the flow acceleration phase,
there is observable flow separation in the pDTA postsurgery,
leading to a noticeable alteration in the velocity vector
compared with the preoperative condition. Conversely, for
the same timepoint, when compared with control patients,
there is a similar pattern in velocity vectors in preoperative
and postoperative stages. Another significant observation is
that postsurgery, velocity vectors in the dissection group
shift orthogonal to the outer curvature of the pDTA, whereas
in the control patients, they reduce, disappear, or shift
downstream.

Wall Shear Stress
An analysis was performed on the WSS throughout the

cardiac cycle. We observed consistent patterns across
pairs. Figure 3, A presents a 3-dimensional contour of
WSS at different time points throughout the cardiac cycle.
Generally, the level of WSS is lower for patients with
dissection compared with the control group, both before
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and after the operation. Moreover, during flow accelera-
tion, peak systole, and flow deceleration, the dissection
group shows a significant increase (P<.05) in circumfer-
entially median WSS postoperatively at the pDTA,
whereas for control patients, there is an insignificant or a
significant decrease (P<.05) in circumferentially median
WSS after the operation in the same location (Figure 3, B).
However, during reverse flow and diastole, both patient
groups show a significant increase in WSS after the
operation.
JTCVS Open c Volume 21, Number C 5
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Time-Averaged Wall Shear Stress
Figure 4 depicts TAWSS analysis for pair 1, with results

of the rest of the cohort provided in the Supplementary ma-
terial (Figures E1-E4). The patients who experienced
ATBAD during the follow-up period exhibited a lower me-
dian TAWSS in the descending aorta when compared with
the control group at baseline (control: 1.76 [1.50-2.83] Pa,
dissection: 1.16 [1.06-1.30] Pa, P ¼ .047) (Figure 5, A).
On examination of the effect of surgery, neither the
Pre-Op Post-Op

0.0
0.0
0.5
1.0

T
A

W
S

S
 (

P
a)

P
re

P
o

st

S
ig

n
if

ic
an

ce
M

ap

1.5
2.0
2.5
3.0

Significant (Post TAWSS is lower)
Non-Significant
Significant (Post TAWSS is higher)

2.5
Distance from subclavian artery (cm)

TAWSS (Pa)

A B

Dissection

5.0

4.
0

3.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

0.
0

7.5 10.0 12.5 15.0 17.5 20.0

TAWSS (Pa)

FIGURE 4. Comprehensive analysis for the first pair, comprising a preoperativ

postoperative 2-dimensional maps of TAWSS, a curve illustrating the preopera

aorta, and a map displaying the t test results for differences in postoperative an

a significant increase in TAWSS after the operation, blue indicates a significant d

operative TAWSS. Also, each segment represents a 5-mm interval. TAWSS, Tim
dissection group (P ¼ .69) nor the control group
(P ¼ .53) exhibited statistically significant changes in me-
dian TAWSS after surgery. However, on closer examination
through localized analysis, which can be seen in Figure 4
for pair 1 and Figure 6 for all pairs, the David procedure re-
sulted in a focal increase in TAWSS ranging fromþ0.30 Pa
toþ1.05 Pa (each comparison, P<.05) near the subclavian
artery for the dissection group. In contrast, this was not
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Oscillatory Shear Index
An examination of patients who experienced ATBAD

during the follow-up period showed a nonsignificant higher
8 JTCVS Open c October 2024
median OSI in the descending aorta compared with the con-
trol group at baseline (control: 0.13 [0.08-0.18] Pa, dissec-
tion: 0.20 [0.18-0.21] Pa, P ¼ .11) (Figure 5, B). Analyzing
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FIGURE 6. Curve of median TAWSS across different segments of the descending aorta, starting from the subclavian artery. TAWSS, Time-averaged wall

shear stress.
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FIGURE 7. Preoperative and postoperative TAWSS of patients with MFS

with post-VSRR type B aortic dissection.
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the impact of surgery (postoperative OSI) revealed a signif-
icant difference in OSI between the control and dissection
groups (control: 0.13 [0.11-0.17], dissection: 0.21 [0.20-
0.21], P ¼ .02). Additionally, a detailed examination of
localized OSI between preoperative and postoperative for
the control or dissection groups did not reveal any specific
trend.

Relative Residence Time
Patients who had ATBAD after VSRR showed elevated

levels of RRT compared with those without ATBAD both
before and after surgery (Figure 5, C). There was no statis-
tically significant difference between pre- and post-VSRR
medians RRT in the control group (P¼ .819) and dissection
group (P¼ .69). Comparing preoperative and postoperative
medians RRTs for the dissection and control groups indi-
cates a significant difference in RRT both preoperatively
(control: 1.15 [0.68-1.39] 1/Pa, dissection: 2.15 [1.85-
2.23] 1/Pa, P ¼ .017) and postoperatively (control: 1.18
[0.98-1.36] Pa, dissection: 1.99 [1.54-2.10] 1/Pa, P¼ .015).

DISCUSSION
CFDmodels of the aorta can be used to explore the hemo-

dynamic underpinnings of the elevated rates of ATBAD af-
ter VSRR in the population with MFS. Our study uncovered
notable differences in blood flowdynamics between patients
who experienced ATBAD and control subjects both before
and after VSRR. Specifically, patients with dissection ex-
hibited consistently lower blood flow velocities in the de-
scending aorta compared with control patients, a pattern
observed both pre- and post-VSRR. Furthermore, post-
VSRR, patients who go on to dissect displayed increased
vortices in the pDTA and altered eccentricity of the velocity
profile, particularly toward the outer curvature wall. This
postoperative alteration in flow dynamics was distinct not
only from the preoperative condition but also compared
with control subjects. Additionally, WSS across the de-
scending aorta was lower in patients who go on to develop
ATBAD compared with controls. However, after VSRR, pa-
tients with dissection exhibited a significant focal increase
in TAWSS, contrasting with a significant decrease or no sig-
nificant change in TAWSS observed in control subjects
(Figure 7). Moreover, levels of OSI and RRT were consis-
tently higher in the dissection groups compared with control
groups, both preoperatively and postoperatively.

These results add to the growing literature supporting at
least a partially hemodynamic pathophysiology for the
development of ATBAD in this population. A 4D MRI
study performed in 24 patients with MFS and 10 volunteers
highlighted the presence of significant flow alterations,
including enhanced vortex flow in the pDTA, in patients
with MFS compared with healthy volunteers.22 Addition-
ally, similar to our study, the study underscores the impor-
tance of hemodynamics in the pDTA because it is a
10 JTCVS Open c October 2024
frequent site of the primary intimal tear. In another study
involving 12 patients with MFS who underwent root
replacement, findings revealed abnormal flow patterns and
decreased WSS in 1 patient who subsequently developed
ATBAD.23 Other 4D flow cardiovascular magnetic reso-
nance study on 19 patients with MFS and 10 volunteers ex-
hibited reduced segmental WSS in the inner pDTA, which
corresponds to heightened localized abnormal vortex/helix
flow patterns and an enlarged diameter at a key site associ-
ated with ATBAD.24 Moreover, another 4D cardiovascular
magnetic resonance study on 25 patients with MFS and
21 healthy controls showed that in children and young
adults with MFS, notable changes in aortic flow patterns
and a decrease in WSS are evident in the proximal
ascending thoracic aorta and pDTA, again segments
commonly associated with the initiation of aortic dissec-
tion.9 In addition, a 4D cardiovascular magnetic resonance
study on 75 patients with MFS and 48 healthy subjects
showed that patients with MFS, including those without
aortic dilation, exhibited reduced in-plane rotational flow
and circumferential WSS in both the distal ascending
thoracic aorta and the pDTA.8

Near wall hemodynamics such as WSS has a biological
impact on the adjacent tissue. The combination of lower
TAWSS and higher OSI in the dissection group results in
greater shear reversal, which is associated with endothelial
dysfunction. This dysfunction might be related to the infil-
tration of particles into the arterial wall, a phenomenon pre-
viously observed in coronary arteries.25,26 The elevated
RRT that we observed for patients in the dissection group
is potentially associated with the infiltration of plasminogen
activators into the arterial wall, because RRT measures the
duration particles remain adjacent to the wall. These activa-
tors might interact with smooth muscle cells, damaging the
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extracellular matrix.27-29 We hypothesize that over time,
this weakens the aortic wall, rendering it more prone to
dissection.

Furthermore, we hypothesize that the postoperative flow
impingement in the pDTA that we see in the dissection
group, along with the redirection of velocity vectors pre-
dominantly orthogonal rather than parallel to the outer cur-
vature, could potentially exert unwanted additional force on
the weakened aortic wall, leading to a sudden-onset primary
intimal tear. Future studies are required to evaluate the ac-
curacy of these hypotheses.

Other future work will also concentrate on whether we
may predict, by baseline anatomy or influence through sur-
gical repair, hemodynamic parameters in the descending
thoracic aorta. Because velocity is influenced by geometric
features, such as diameter of ascending thoracic aorta, arch
and pDTA, jet flow impingement, flow separation due to
surgically induced kinks, and so forth, and WSS is derived
from the velocity field, it is logical to link the lower levels of
WSS to the geometric features of the thoracic aorta. Both
anatomic geometric features and surgically induced factors
appear to contribute to disturbed flow patterns and hemody-
namic variations that may play a role in the onset of AT-
BAD. This is because the analysis of baseline conditions
reveals a significant difference between dissection and con-
trol groups for TAWSS and RRT, primarily due to anatomic
geometric features. However, OSI shows insignificant dif-
ferences between control and dissection groups at baseline,
with significance emerging postoperation, indicating the in-
fluence of surgery. Furthermore, segmental analysis of the
descending aorta demonstrates a significant increase in
TAWSS in the pDTA for patients with dissection postsur-
gery compared with preoperative levels, whereas for control
patients, it remains insignificant or exhibits a significant
decrease.

In terms of the clinical implications of this study, our
initial focus would be to discover the anatomic geometric
factors responsible for variations in hemodynamic parame-
ters between the dissection and control groups through us-
ing concepts such as statistical shape analysis and
principal component analysis. These concepts have been
used in multiple articles in the literature.30,31 Subsequently,
by exploring the impact of key geometric alterations
induced by the David procedure on distal aortic hemody-
namics, we can then use statistical tools to manipulate these
factors within a defined range. We will create a virtual sur-
gical repair method and its associated simulation tool for the
David procedure, encompassing various repair strategies
while considering significant geometric features. This tool
will analyze graft configurations based on a patient’s pre-
and postrepair hemodynamics to identify, from a hemody-
namics standpoint, the most favorable personalized repair
approach, with the aim of reducing the risk of type B aortic
dissection in patients with MFS post-VSRR.
Study Limitations
Amajor limitation of this study is the relatively small sam-

ple size primarily due to variability in scan resolution and the
availability of patient scans at different time points (preoper-
ation, postoperation, and postdissection). The retrospective
nature of this study with a limited number of patients with
complete imaging data made it impossible to fully control
for all pertinent confounding variables. However, it is impor-
tant to acknowledge that the datasetwe used is one of the rich-
est available for patients with MFS, comprising 203
individuals, which formed the basis of this retrospective
study. Another limitation applies to the assumption of a con-
stant inlet flow rate for all patients in both preoperative and
postoperative conditions, despite potential differences in indi-
vidual cardiac output that could impact the analysis. Howev-
er, this approach allowed us to isolate the influence of
geometric features on hemodynamics, whichwas the primary
focus of this article. Also, in our recently published study,13

we showed that hemodynamic parameters are less sensitive
to the type of inlet BC in the descending aorta. Additionally,
the assumption of rigid walls may be considered a limitation.
In reality, the material properties of the graft differ from those
of the aortic wall, potentially influencing the pulse wave ve-
locity of the jet impacting the ascending aorta and propa-
gating to the arch and descending aorta.12 Nonetheless,
even under the assumption of rigid walls, wewere able to pre-
dict differences in flow distribution in the proximal section of
the descending aorta between patients with dissection and
control patients. We anticipate further insights from fluid-
structure interaction simulations, which are part of our
ongoing study.Moreover, patients withMFS typically exhibit
greater wall rigidity compared with healthy individuals.32

Given the number of publications on thoracic aorta of healthy
individuals under rigid assumption,33,34 considering rigid
assumption for patients with MFS may be acceptable.
CONCLUSIONS
The development of ATBAD in patients with MFS post-

VSRR was associated with a significantly lower median
TAWSS and higher OSI and RRT at baseline. Moreover,
the alteration of geometric characteristics in the ascending
aorta through the David procedure led to a localized in-
crease in shear forces within the pDTA in patients who later
developed ATBAD, accompanied by an elevated median
OSI and RRT throughout the descending aorta. These ob-
servations indicate a potential association between changes
in hemodynamic parameters in the descending aorta and the
occurrence of ATBAD. This work sets the stage for compu-
tational modeling studies that test how we may influence
these hemodynamic parameters at the index operation. Ul-
timately, the goal is that these insights can lead to more
informed decision-making during aortic root surgery for pa-
tients with MFS, thereby reducing the occurrence of future
JTCVS Open c Volume 21, Number C 11
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ATBAD and minimizing the need for readmissions or addi-
tional interventions.
Webcast
You can watch a Webcast of this AATS meeting presenta-
tion by going to: https://www.aats.org/resources/type-b-
aortic-dissection-in-ma-6998.
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FIGUREE1. Comprehensive analysis for pair 2, comprising a preoperative 3-dimensional contour of TAWSS on the thoracic aorta, preoperative and post-

operative 2-dimensional maps of TAWSS, a curve illustrating the preoperative and postoperative medians over different segments of the descending aorta,

and a map displaying the t test results for differences in postoperative and preoperative TAWSS for each segment. In the t test map, red indicates a significant

increase in TAWSS after the operation, blue indicates a significant decrease, and gray denotes no significant difference in pre and postoperative TAWSS.

Also, each segment represents a 5-mm interval. TAWSS, Time-averaged wall shear stress.
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FIGUREE2. Comprehensive analysis for pair 3, comprising a preoperative 3-dimensional contour of TAWSS on the thoracic aorta, preoperative and post-

operative 2-dimensional maps of TAWSS, a curve illustrating the preoperative and postoperative medians over different segments of the descending aorta,

and a map displaying the t test results for differences in postoperative and preoperative TAWSS for each segment. In the t test map, green indicates a sig-

nificant increase in TAWSS after the operation, blue indicates a significant decrease, and red denotes no significant difference in preoperative and postop-

erative TAWSS. Also, each segment represents a 5-mm interval. TAWSS, Time-averaged wall shear stress.
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FIGUREE3. Comprehensive analysis for pair 4, comprising a preoperative 3-dimensional contour of TAWSS on the thoracic aorta, preoperative and post-

operative 2-dimensional maps of TAWSS, a curve illustrating the preoperative and postoperative medians over different segments of the descending aorta,

and a map displaying the t test results for differences in postoperative and preoperative TAWSS for each segment. In the t test map, green indicates a sig-

nificant increase in TAWSS after the operation, blue indicates a significant decrease, and red denotes no significant difference in preoperative and postop-

erative TAWSS. Also, each segment represents a 5-mm interval. TAWSS, Time-averaged wall shear stress.

JTCVS Open c Volume 21, Number C 15

Tajeddini et al Adult: Aorta



0.0
0

2

4

T
A

W
S

S
 (

P
a)

P
re

P
o

st

S
ig

n
if

ic
an

ce
M

ap

6

8

Significant (Post TAWSS is lower)
Non-Significant
Significant (Post TAWSS is higher)

2.5
Distance from subclavian artery (cm)

A B

Dissection Control

5.0

4.
0

3.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

0.
0

4.
0

3.
5

3.
0

2.
5

2.
0

1.
5

1.
0

0.
5

0.
0

7.5 10.0 12.5 15.0 17.5 20.0 0.0
0
1
1
3
4
5

T
A

W
S

S
 (

P
a)

P
re

P
o

st

S
ig

n
if

ic
an

ce
M

ap

6
7
8

Significant (Post TAWSS is lower)
Non-Significant
Significant (Post TAWSS is higher)

2.5
Distance from subclavian artery (cm)

5.0 7.5 10.0 12.5 15.0 17.5 20.0

TAWSS (Pa) TAWSS (Pa)

Pre-Op Post-Op Pre-Op Post-Op

FIGUREE4. Comprehensive analysis for pair 5, comprising a preoperative 3-dimensional contour of TAWSS on the thoracic aorta, preoperative and post-

operative 2-dimensional maps of TAWSS, a curve illustrating the preoperative and postoperative medians over different segments of the descending aorta,

and a map displaying the t test results for differences in postoperative and preoperative TAWSS for each segment. In the t test map, green indicates a sig-

nificant increase in TAWSS after the operation, blue indicates a significant decrease, and red denotes no significant difference in preoperative and postop-

erative TAWSS. Also, each segment represents a 5-mm interval. TAWSS, Time-averaged wall shear stress.
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