
Received: July 13, 2016
Accepted: March 12, 2017 
Published online: April 2017  

Original Research Article 

AORTA, April 2017, Volume 5, Issue 2:42-52
DOI: https://doi.org/10.12945/j.aorta.2017.16.042

* Corresponding Author: 
Foeke J.H. Nauta, MD, PhD
Vascular Surgery
Thoracic Aortic Research Center  
IRCCS Policlinico San Donato, Piazza Malan 2 20097, San Donato Milanese, Milan, Italy
Tel: +39 02 52774344; Fax: +39 02 52774383; E-Mail: foekenauta@gmail.com

Fax +1 203 785 3552 
E-Mail: aorta@scienceinternational.org
http://aorta.scienceinternational.org

© 2017 AORTA
Published by Science International Corp.
ISSN 2325-4637

Accessible online at: 
http://aorta.scienceinternational.org

Abstract
Background: The impact of thoracic endovascular aor-
tic repair (TEVAR) on pulsatile aortic strain remains 
undetermined in patients with Type B aortic dissection 
(TBAD). Therefore, we quantified pulsatile aortic strain 
in TBAD patients and control subjects.
Methods: We retrospectively analyzed two TBAD pa-
tients from our database with cardiac-gated computed 
tomography angiography imaging available before 
and after TEVAR and two control subjects (67- and 
76-year-old males). Patient 1 (54-year-old female) pre-
sented with acute TBAD, and Patient 2 (55-year-old 
male) had Marfan syndrome and ruptured acute TBAD. 
Custom-developed software was used to compute aor-
tic length, diameter, and area during the cardiac cycle. 
Pulsatile strain was calculated as systolic increments of 
length and circumference divided by corresponding di-
astolic values.
Results: Before TEVAR, pulsatile longitudinal strain of 
the thoracic aorta was lower in TBAD patients (1.4–1.7%) 
than in control subjects (2.1–4.5%). After TEVAR, pulsa-
tile longitudinal strain increased proximal to the stent-
graft by 65% in the arch of Patient 1 and by 70% in the 
ascending aorta of Patient 2. Pulsatile  circumferential 

strain was elevated in false lumen patency (4.4–6.2%) 
compared with thrombosed false lumen (1.4–2.1%) or 
control subjects (0.9–3.3%). Following TEVAR, circum-
ferential measurements within stented segments were 
deemed unreliable due to artifacts.
Conclusions: TEVAR led to a considerable increase of pul-
satile longitudinal strain proximal to the stent-grafts, 
and TBAD was associated with longitudinally stiffer 
aortas, which may be part of the  pathophysiology of TE-
VAR-related complications such as retrograde  dissection 
and aneurysmal dilatation. These  preliminary data call 
for larger prospective studies.
Copyright © 2017 Science International Corp.
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Introduction

Thoracic endovascular aortic repair (TEVAR) 
has  been successfully adopted to treat complicated 
Type B aortic dissection (TBAD) [1]. However, major 
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TEVAR- related complications are widely reported with 
retrograde or antegrade dissection, typically originat-
ing at the proximal or distal end of the device, with 
rupture being the most lethal [2–4]. Unfortunately, the 
mechanisms of these TEVAR-related complications are 
mostly unknown. Changes in aortic dynamics during 
the cardiac cycle, induced by a mismatch between the 
stent-graft and the aorta, are suggested to play a key 
role [2, 5]. However, little is known about deformations 
of the dissected aortic wall, and few studies have re-
ported strain after endovascular repair [6].

Biomechanical studies show that current thoracic 
stent-grafts are about 125 times stiffer than the adult 
thoracic aorta (55.2 MPa vs. 0.44 MPa) [7, 8]. Implanta-
tion of such stiff devices may underlie reported cases of 
TEVAR-induced acute hypertension and cardiac remod-
eling [9, 10]. However, the exact nature of TEVAR-in-
duced local changes in aortic wall strain remains to be 
determined. While most dynamic imaging studies have 
focused on aortic area or diameter changes during the 
cardiac cycle [11–13], the importance of longitudinal 
strain should be not underestimated, as it is predomi-
nantly the longitudinal axis that fails in the event of aor-
tic dissection [14–16]. During each cardiac contraction, 
the heart pulls the aortic root downward, resulting in 
longitudinal strain of about 7–9% in the ascending aorta 
[15, 17]. Implantation of a rigid stent-graft in the prox-
imal descending aorta might stiffen that segment, po-
tentially forcing the ascending aorta and aortic arch to 
overstretch during each heartbeat, as we observed in a 
study of eight aneurysm patients managed with TEVAR 
(unpublished data). Such elevated wall stress has been 
associated with increased risk of aortic dissection [15] 
and aneurysm growth [5].

These considerations led us to quantify pulsatile aor-
tic strain in both longitudinal and circumferential di-
rections in acute TBAD patients before and after TEVAR 
as well as control subjects. For this purpose, we used a 
semi- automatic technique to post-process cardiac-gat-
ed computed tomography angiography (CTA) image 
data.

Materials and Methods

For this retrospective study, we included patients 
with acute TBAD enrolled in our imaging database 
who underwent cardiac-gated CTA before and after 
TEVAR at the University of Utrecht, The Netherlands, 
which resulted in a limited number of patients (n = 2). 
Two patients without thoracic aortic disease served 
as control subjects (Table 1). The local ethical review 
board evaluated the study protocol; formal approval 
was given, and informed consent was waived.

Patient Population

Patient 1 was a 54-year-old female with acute TBAD 
and thrombosed false lumen (Figure 1A). This patient 
underwent TEVAR using two Bolton Relay (Bolton 
Medical Inc, Sunrise, FL) stent-grafts ( Figure  1B). 
The proximal landing zone was just distal to the left 
common carotid artery, covering the left subclavian 
artery (LSA), with distal extension 10 cm above the ce-
liac bifurcation. Stent-graft oversizing was 8%. A post-
operative cardiac-gated CTA was conducted 3 weeks 
later, which was used for this study. During 5 years of 
follow-up, no endoleaks or other stent-graft-related 

Table 1. Patient and procedural characteristics.

Pt 
Age (Years), 
Gender Aortic Disease Dissection Extension Stent-graft Types

Stent-graft  
Sizes (mm)

Stent-graft Length 
in situ (mm)

1 54, F Acute TBAD 5 cm distal from the LSA 
to the aortic bifurcation

Bolton Relay 36-36-200
36-36-200

174

2 55, M Ruptured acute TBAD, 
Marfan syndrome

3 cm distal from the LSA 
into right iliac artery

Medtronic Captivia 34-34-200
36-36-150

235 

3 66, M None - - - -

4 75, M None - - - -

LSA = left subclavian artery; TBAD = Type B aortic dissection.
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Two Medtronic Captivia (Medtronic Vascular, Santa 
Rosa, CA) stent-grafts were implanted, with exten-
sion distal from the LSA to just proximal to the celiac 
bifurcation (Figure 1D). The stent-graft diameter was 
oversized by 40% considering the ruptured aorta and 
hypotension [18] found during examination as well as 
the unavailability of smaller devices in the acute set-
ting in our hospital. The cardiac-gated CTA conducted 
at the second presentation and 3 days postoperative-
ly were used for this study. After 1 month, CTA imag-
ing revealed a pseudoaneurysm caused by aortic per-
foration of a proximal bare stent strut, as previously 
reported [19]. A proximal stent-graft extension was 
implanted (32-32-164 mm), landing just distal to the 
left common carotid artery and covering the origin 
of the LSA. No endoleaks or other stent-graft-related 
complications occurred during 5 years of follow-up, 
with complete thrombosis of the false lumen and 
subsequent positive remodeling of the aorta.

Patients 3 and 4 were both males (67- and 76-years-
old) with no visible evidence of thoracic aortic disease 
and no medical history of aortic surgery or connec-
tive tissue disorder.

Workflow from Data Collection to Strain  
Quantification

The workflow for this study is illustrated in Figure 2 
and described stepwise below.

1. Image acquisition and data collection: Basic input 
data was a dicom set of cardiac-gated CTA imag-
es obtained during eight phases of the cardiac 
cycle. These dynamic images were obtained with 
a 256-row multislice CT system (Philips Medical 
System, Best, The Netherlands) and imported into 
3Mensio software (3Mensio Medical Imaging, Bil-
thoven, The Netherlands) for analysis. A three-di-
mensional (3-D) scan volume was acquired during 
all eight phases, for which maximum (end-systolic) 
and minimum (end-diastolic) measurements were 
acquired. Patients were included in the study only 
if image acquisition was accomplished success-
fully and image quality was considered adequate. 
Pixel spacing and slice thickness were similar for 
all patients and are described in Supplemental 
 Table 1 (see supplemental Table 1 at http://dx.doi.

complications were noted.
Patient 2 was a 55-year-old male with Marfan syn-

drome with acute TBAD and patent false lumen from 
the mid-descending aorta to the iliac arteries. This pa-
tient was initially managed with medical therapy. Six 
days after the first acute event, he developed a con-
tained rupture of the proximal descending aorta and 
was managed with emergency TEVAR (Figure 1C). 

Figure 1. Panels A-D. Computed tomography angiography (CTA) 
imaging showing the acute type B aortic dissection (TBAD) of Pa-
tient 1 (Panel A) before and (Panel B) after thoracic endovascular 
aortic repair (TEVAR) and the ruptured acute TBAD of Patient 2 
(Panel C) before and (Panel D) after TEVAR.

http://dx.doi.org/10.12945/j.aorta.2017.16.042.sup.02
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Figure 2. Workflow. Panel A. Cardiac-gated computed tomography angiography imaging provided dicom imaging sets during eight 
phases of the cardiac cycle. Panel B. The thoracic aorta was segmented at each phase, and three-dimensional reconstructed models 
were computed. Panel C. Center lumen lines were computed. Panels D and E. Longitudinal and circumferential segments were iden-
tified using side branch origins as anatomical landmarks, resulting into (Panel D) longitudinal segments (ascending aorta (purple), 
aortic arch (green), and descending aorta (red)) and (Panel E) circumferential levels (sinotubular junction (STJ), just before the origin of 
the brachiocephalic trunk (BCT), left subclavian artery (LSA), 10 cm (LSA + 10 cm) and 20 cm (LSA + 20 cm) distal to the left subclavian 
artery, and celiac trunk (CT)). Lengths, areas, and diameters were then calculated by a custom-developed script [21].
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LSA, 10 and 20 cm distal to the LSA, and celiac 
trunk (Figure 2E). Diameters were measured in 
360° by calculating the distance between all points 
constituting the section of interest perpendicular 
to the center lumen line and then extracting the 
end-diastolic and end-systolic values, as previously 
described [12, 13]. Aortic areas were measured by 
triangulating the particular section and summing 
the area of all obtained triangles. Pulsatile circum-
ferential strain was computed as the difference 
between end-systolic and end-diastolic circumfer-
ence divided by end-diastolic circumference.

Intra- and Inter-Observer Variability

Length and area measurements were acquired 
twice by the same investigator (C.T.) and blindly re-
peated by another investigator (F.N.) to allow for in-
tra- and inter-observer variability.

Statistical Analysis

Data were analyzed with SPSS 22.0 (SPSS, Chica-
go, IL). Continuous data are presented as mean ± 
standard deviation (SD) unless stated otherwise, and 
categorical data are given as counts (percentage). In-
tra- and inter-observer variability were calculated ac-
cording to Bland and Altman. Data were considered 
normally distributed based on skewness and kurtosis 
Z-values between -1.96 and 1.96, a Shapiro-Wilk test 
p > 0.05, and visualization of approximately normally 
distributed data with histograms. p < 0.05 were con-
sidered statistically significant.

Results

Patient and procedural characteristics are shown 
in Table 1. The median interval from TEVAR to post-
operative cardiac-gated CTA imaging was 0.4 months 
(range, 0.1–0.7).

Aortic Length and Pulsatile Longitudinal Strain

Aortic length and pulsatile longitudinal strain be-
fore and after TEVAR are shown in Table 2. In Patient 
1, the end-systolic length of the descending aorta de-
creased following TEVAR, while the ascending aorta 

org/10.12945/j.aorta.2017.16.042.sup.02). For en-
hanced vessel contrast, each patient  received 90–
150 mL non-ionic contrast medium (Iopromide, 
Schering, Berlin, Germany) followed by a 60-mL 
saline chaser bolus.

2. Image segmentation: An imaging workstation was 
created to post-process the four-dimensional (4-D) 
image sets. Dedicated ITK-Snap software [20] was 
used to segment the thoracic aortic geometries of 
each phase both pre- and post-TEVAR. This soft-
ware implements a 3-D active contour segmenta-
tion method, called snake evolution, which works 
on the closed surface of the aortic lumen. In ad-
dition, 3-D reconstruction of the different levels of 
interest was conducted for each phase (Figure 2B). 
The 3-D reconstructions for both TBAD patients 
before and after TEVAR are shown in Supplemen-
tal Figure 1 (see supplemental Figure 1 at http://
dx.doi.org/10.12945/j.aorta.2017.16.042.sup.01).

3. Quantification of dynamic aortic geometries: A cus-
tomized script was developed combining methods 
implemented by Visualization Toolkit and Vascular 
Modeling Toolkit libraries [21]. This semi-automatic 
script extracts aortic geometries per segment/level 
of interest, starting with calculation of the vessel 
centerline of the true lumen. Subsequently, the 
spatial coordinates of the points of interest along 
the center lumen line are identified. The script then 
splits and computes the centerline at the origins of 
each side branch of interest ( Figure 2C). Each center 
lumen line or segmentation slice was checked by an 
investigator and manually adjusted if needed.

4. Pulsatile longitudinal strain: Three segments of 
interest were identified consistent with the su-
pra-aortic branch splitting: (1) the ascending aorta, 
starting at the sinotubular junction to the brachio-
cephalic trunk; (2) the aortic arch, extending from 
the brachiocephalic trunk to the LSA; and (3) the 
thoracic descending aorta, stretching from the LSA 
to the celiac trunk (Figure 2D). For each patient, 
pulsatile longitudinal strain was calculated as the 
difference between systolic and diastolic lengths 
divided by diastolic length.

5. Pulsatile circumferential strain: Aortic diameters 
and areas were measured at six different levels: 
the sinotubular junction, brachiocephalic trunk, 

http://dx.doi.org/10.12945/j.aorta.2017.16.042.sup.02
http://dx.doi.org/10.12945/j.aorta.2017.16.042.sup.01
http://dx.doi.org/10.12945/j.aorta.2017.16.042.sup.01
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Aortic Diameter and Pulsatile Circumferential Strain

End-systolic diameter and circumferential strain 
are shown in Table 3. Overall, smaller diameters of the 
true lumen were observed in TBAD patients than in 
control subjects (from 10 cm distal to the LSA to the 
celiac trunk).

Figure 4 illustrates pulsatile circumferential strain 
before TEVAR, which ranged from 0.9% to 3.3% and 
was comparable among Patient 1 and the two con-
trol subjects. However, Patient 2, who presented with 
acute TBAD and patent false lumen, showed consid-
erably higher circumferential strain at sections of the 
patent false lumen (4.4% at 20 cm distal to the LSA 
and 6.2% at the celiac trunk).

After TEVAR, the true lumen expanded in sections ad-
jacent to the stent-graft (brachiocephalic trunk and ce-
liac trunk). Pulsatile circumferential strain also increased 
in sections adjacent to the stent-grafts, except for the 
distal adjacent section in Patient 2 (celiac trunk with pat-
ent false lumen), which decreased considerably (6.2% 
before TEVAR vs. 2.5% after TEVAR). Diameter and area 
measurements within stented sections were deemed 
unreliable due to stent artifacts in the segmentations 
and were therefore excluded from this analysis.

and arch elongated. Patient 2 showed similar short-
ening of the descending aorta with elongation of the 
ascending aorta and arch after TEVAR.

Pulsatile longitudinal strain before and after TE-
VAR in the two acute TBAD patients are illustrated in 
Figure  3. Before TEVAR, pulsatile longitudinal strain 
throughout the thoracic aorta ranged from 1.5% 
to 9.9% in the two TBAD patients and from 1.7% to 
14.0% in the two control subjects, with mean pulsa-
tile longitudinal strain of the total thoracic aorta of 
1.9 ± 0.5% and 3.3 ± 1.2%, respectively. In three of the 
four patients, pulsatile longitudinal strain was high-
est in the ascending aorta (9.9–14.0%), decreasing 
downstream along the arch (3.9–9.6%) and descend-
ing aorta (1.7–4.9%).

After TEVAR, an increase of pulsatile longitudinal 
strain was observed proximal to the stent-graft in 
both TBAD patients (65% increase in the arch of Pa-
tient 1, and 70% increase in the ascending aorta of 
Patient 2). In the descending aorta, Patient 1, with a 
stent-graft length of 174 mm, showed increased lon-
gitudinal strain (+60%) following TEVAR. By contrast, 
Patient 2, with a longer stent-graft length of 235 mm, 
showed decreased longitudinal strain (-65%) in the 
descending aorta after TEVAR.

Table 2. End-systolic aortic length and longitudinal strain for each patient.

Pt Location Total Thoracic Ascending Arch Descending 

End-systolic length (mm)

1 Pre-TEVAR 363.7 ± 1.8 80.7 ± 1.6 38.2 ± 1.0 246.3 ± 1.5

Post-TEVAR 361.1 ± 2.2 83.4 ± 1.4 42.6 ± 1.8 238.6 ± 1.8

2 Pre-TEVAR 391.2 ± 3.1 74.0 ± 2.5 42.3 ± 1.4 281.0 ± 4.2

Post-TEVAR 398.7 ± 5.4 80.6 ± 3.8 43.9 ± 1.4 275.1 ± 1.8

3 Control 373.3 ± 5.1 73.0 ± 3.5 55.1 ± 0.9 246.3 ± 1.4

4 Control 336.3 ± 2.3 52.0 ± 2.2 50.1 ± 0.8 235.2 ± 1.3

Longitudinal strain (%)

1 Pre-TEVAR 1.4 5.0 8.6 1.5

Post-TEVAR 1.7 5.3 14.2 2.4

2 Pre-TEVAR 2.4 9.9 9.6 4.9

Post-TEVAR 4.4 16.8 9.5 1.7

3 Control 4.5 14.0 3.9 1.7

4 Control 2.1 12.9 4.2 1.7

Values are shown as mean ± SD, where appropriate. TEVAR = thoracic endovascular aortic repair.
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Figure 3. Pulsatile longitudinal strain before and after thoracic endovascular aortic repair thoracic endovascular aortic repair (TEVAR) 
in Patient 1 with acute Type B aortic dissection (TBAD) (left panel) and Patient 2 with ruptured acute TBAD and Marfan syndrome 
(right panel). Pre- and post-TEVAR strain values are shown as percentages. Relative strain changes were computed as the percentage 
increase or decrease of post-TEVAR strain relative to pre-TEVAR strain.

Table 3. End-systolic diameter and circumferential strain.

Location STJ BCT LSA LSA + 10 cm LSA + 20 cm CT

End-systolic diameter (mm)

1 Pre-TEVAR 33.6 ± 0.8 36.3 ± 0.4 30.2 ± 0.4 23.7 ± 0.3 22.8 ± 0.1 24.2 ± 0.3

Post-TEVAR 33.2 ± 0.7 36.4 ± 0.4 Stent Stent Stent 27.2 ± 0.6

2 Pre-TEVAR 32.3 ± 0.5 31.7 ± 0.4 24.2 ± 0.2 20.5 ± 0.5 22.4 ± 0.9 19.8 ± 1.3

Post-TEVAR 32.9 ± 0.8 32.2 ± 0.8 24.9 ± 0.6 Stent Stent 21.6 ± 0.3

3 Control 34.3 ± 1.4 34.0 ± 0.9 31.4 ± 1.1 27.2 ± 1.1 26.5 ± 1.1 26.5 ± 1.0

4 Control 34.2 ± 0.7 36.6 ± 0.6 28.2 ± 0.5 28.0 ± 0.4 27.4 ± 0.2 27.0 ± 0.1

Circumferential strain (%)

1 Pre-TEVAR 2.1 1.5 2.0 2.1 1.4 1.9

Post-TEVAR 2.2 1.6 Stent Stent Stent 3.2

2 Pre-TEVAR 2.4 1.5 1.9 2.8 4.4 6.2

Post-TEVAR 3.5 2.7 3.6 Stent Stent 2.5

3 Control 3.3 2.1 1.8 1.7 2.2 2.0

4 Control 2.3 1.2 2.9 1.8 1.2 0.9

Values are shown as mean ± SD, where appropriate. BCT = brachiocephalic trunk; CT = celiac trunk; LSA = left subclavian artery; STJ = sinotubular junction; 
TEVAR = thoracic endovascular aortic repair.
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Figure 4. Panels A and B. Pulsatile circumferential strain of (Panel A) Patient 1 with acute Type B aortic dissection (TBAD) and throm-
bosed false lumen and (Panel B) Patient 2 with acute ruptured TBAD, Marfan syndrome, and patent false lumen at the LSA + 20 cm 
and CT levels. Panel C. Comparison of pulsatile circumferential strain among all patients. BCT = brachiocephalic trunk; CT = celiac 
trunk; LSA = left subclavian artery; LSA + 10 cm = 10 cm distal to the LSA; LSA + 20 cm = 20 cm distal to the LSA; STJ = sinotubular 
junction.
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Intra- and Inter-Observer Variability

For area changes, the intra-observer repeatability 
coefficient (RC) was 22.85 mm2. Mean differences be-
tween pre- and post-TEVAR area changes were small-
er than the RCs, and linear regression analysis was 
non-significant (p = 0.31). Inter- observer repeatabil-
ity showed an RC of 17.88 mm2, and mean differenc-
es between pre- and post-TEVAR area changes were 
smaller than the RCs. Linear regression analysis was 
non-significant (p = 0.46). These results indicate good 
intra- and inter- observer agreement.

For length changes, the RC for intra-observer re-
peatability was 2.78 mm, and mean differences be-
tween pre- and post-TEVAR length changes were 
smaller than the RCs. Linear regression analysis 
was non-significant (p = 0.70). The RC for inter- 
observer repeatability was 2.84 mm. Mean differ-
ences  between pre- and post-TEVAR areas were 
smaller than the RCs, and linear regression analysis 
was non-significant (p = 0.64). Again, these  results 
indicate good intra- and inter-observer agreement.

Discussion

In both TBAD patients, TEVAR was followed by 
elevated pulsatile longitudinal strain proximal to the 
stent-graft. Moreover, TBAD patients showed lower 
pulsatile longitudinal strain of the total thoracic 
aorta before TEVAR compared with control subjects. 
Regarding pulsatile circumferential strain, Patient 
1, who presented with patent false lumen, showed 
higher strain of the true lumen when compared with 
Patient 2, who had a thrombosed false lumen. Pulsa-
tile circumferential strain in control subjects ranged 
from 0.9% to 3.3% and was consistent along the tho-
racic aorta, which agrees with previous literature [22].

After TEVAR, we found increased pulsatile longitu-
dinal wall strain proximal to the stent-grafts in both 
TBAD patients. Other authors suggest that increased 
pulsatile wall stress is associated with aortic wall fa-
tigue, resulting in aneurysmal dilatation and increased 
risk of new entry tears at the proximal or distal end of 
the stent-graft or rupture [2–5]. Patients with fragile 
aortic walls, such as those with aortic dissection, are at 
particular risk for such sudden strain changes. In our 
study, Patient 2 developed aortic perforation due to 

a stent strut. In this patient, we observed a consider-
able increase in circumferential strain (1.9% vs. 3.6%) 
at the LSA after the initial TEVAR procedure. This ele-
vated strain may have triggered the strut perforation. 
To better understand the pathophysiology of such 
complications, further studies are warranted to investi-
gate pulsatile strain changes following TEVAR.

Pulsatile longitudinal strain was lower in TBAD pa-
tients than in older-aged control subjects (1.4–1.7% 
vs. 2.1–4.5%), even though aging is associated with 
aortic stiffening [8, 22]. This observation suggests 
that aortic stiffening is a risk factor for aortic dissec-
tion, although this remains to be confirmed by larger 
studies. Moreover, in Patient 2, we observed that 
stent-grafting of a longer segment was associated 
with a decrease in longitudinal strain, stiffening the 
descending aorta and potentially exerting adverse 
effects on cardiac function and geometry [10].

We noticed markedly high pulsatile circumferen-
tial strain at the level of patent false lumen in Patient 
1. This was in contrast to the control subjects and Pa-
tient 2, who had a thrombosed false lumen. This ob-
servation emphasizes the potential role of variables 
such as dissection flap motion and thrombosis on 
prognosis. It also sheds light on differences between 
acute and chronic TBAD and underscores the impor-
tance of dynamic imaging to assess these risk factors 
and correctly size stent-grafts. Moreover, a substantial 
pulsatile circumferential strain may have implications 
for future device selection, as patients with more 
compliant aortas may benefit from more compliant 
stent-grafts to minimize mismatch.

Aortic stiffness is reportedly higher in Marfan  pa-
tients [23]. We did not observe this in our study, most 
likely because our Marfan patient (Patient 2) presented 
with acute TBAD complicated by rupture. The move-
ment of the dissection flap elevated the  pulsatile 
circumferential strain before TEVAR. In addition, this 
patient was younger than the two control subjects, 
and younger age is associated with higher strain [22].

To continuously improve treatment outcomes 
of TBAD, it is important to obtain data on the 
 biomechanical behavior of dissected aortas. In partic-
ular, promising advancements in computational fluid 
dynamics offer unique insights into complex vascular 
pathologies [8]. However, such computational tech-
niques depend on clinically measured data to serve 
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The provocative preliminary observations by Foeke 
and colleagues should stimulate our attention. We tend 
to focus on the stented zone after TEVAR, with perhaps 
less than optimal consideration for the non-stented 
zone. These investigators, in a very preliminary study, 
show that having a descending stent graft substantial-
ly increases the stretch of the ascending or arch zones 
with each heartbeat. They speculate, plausibly, that 
this increased stretch may be harmful and may con-
tribute to early and late complications in the aorta out-

side the stent zone. This may be especially pertinent 
vis-a-vis the troublesome, and often lethal, occurrence 
of retrograde ascending aortic dissection following 
descending aortic stent grafting. While the number of 
patients studied is very small, the authors describe the 
technical methods of analysis clearly; hopefully, their 
posing these important questions and laying the req-
uisite computational methods will stimulate more ex-
tensive studies of this important topic.
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