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Introduction
Pulsatile cardiac contraction and aortic compliance natu-
rally result in deformations of the aorta throughout the 
cardiac cycle.1–4 The importance of quantifying these 
dynamic changes for preoperative planning and prediction 
of postoperative drawbacks has been described in endo-
vascular repair of the abdominal aorta (EVAR).5 However, 
this task remains mostly unaddressed for endovascular 
aortic repair of the thoracic aorta (TEVAR), which is con-
siderably more pulsatile than the abdominal aorta.3,4 Yet, 
the thoracic aorta is treated with devices adapted from 

EVAR, which are several orders of magnitude stiffer than 
the native thoracic aorta,6,7 most notably in the longitudi-
nal axis. Their biomechanical impact on aortic pulsatility 
remains unclear. Meanwhile, important TEVAR-related 
complications are reported, including retrograde dissec-
tion, aneurysm formation, and rupture originating at the 
level of the proximal or distal end of the stent-graft.8–11 
The pulsatile mismatch between the stiff stent-graft and 
the compliant aorta is suggested to contribute to these 
complications.9,12 Moreover, increased pulsatile longitudi-
nal wall stress has been identified as an important risk 
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Abstract
Purpose: To quantify both pulsatile longitudinal and circumferential aortic strains before and after thoracic endovascular 
aortic repair (TEVAR), potentially clarifying TEVAR-related complications. Methods: This retrospective study assessed the 
impact of TEVAR on pulsatile aortic strains through custom developed software and cardiac-gated computed tomography 
imaging of 8 thoracic aneurysm patients (mean age 71.0±8.2 years; 6 men) performed before TEVAR and during follow-up 
(median 0.1 months, interquartile range 0.1–5.8). Lengths of the ascending aorta, the aortic arch, and the descending aorta 
were measured. Diameters and areas were computed at the sinotubular junction, brachiocephalic trunk, left subclavian 
artery, and the celiac trunk. Pulsatile longitudinal and circumferential strains were quantified as systolic increments of 
length and circumference divided by the corresponding diastolic values. Results: Average pulsatile longitudinal strain 
ranged from 1.4% to 7.1%, was highest in the arch (p<0.001), and increased after TEVAR by 77% in the arch (7.1%±2.5% vs 
12.5%±5.1%, p=0.04) and by 69% in the ascending aorta (5.6±2.3% vs 9.4±4.4%, p=0.06). Average pulsatile circumferential 
strain ranged from 3.6% to 5.0% before TEVAR and did not differ significantly throughout the thoracic aorta; there was 
a nonsignificant increase after TEVAR at the unstented sinotubular junction (5.0%±1.4% vs 6.3%±1.0%, p=0.18), with a 
significant increase at the celiac trunk (3.6%±1.8% vs 6.2%±1.8%, p=0.02). Pulsatile circumferential strains within stented 
segments were deemed unreliable due to image artifacts. Conclusion: TEVAR was associated with an increase of pulsatile 
longitudinal strains (in the arch) and circumferential strains (at the celiac trunk) in unstented aortic segments. These 
observations suggest increased pulsatile wall stress after TEVAR in segments adjacent to the device, which may contribute 
to the understanding of stent-graft–related complications such as retrograde dissection, aneurysm formation, and rupture.
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factor for aortic dissection,2 resulting most frequently in 
circumferentially orientated entry tears.13,14

The aforementioned findings motivate the investigation 
of changes in aortic wall strain (deformability) following 
TEVAR in both the longitudinal and circumferential orien-
tations. To our knowledge this is unknown since most stud-
ies have focused on geometry changes in the radial axis.5,15 
Therefore, this study aimed to quantify pulsatile longitudi-
nal and circumferential aortic strains before and after 
TEVAR for thoracic aortic aneurysm (TAA).

Methods

Study Design and Patient Sample

The basic input data were images acquired using cardiac-
gated computed tomography angiography (CTA) of the 
total thoracic aorta. For this retrospective study, patients 
with TAA enrolled in our dynamic imaging database were 
eligible if they underwent cardiac-gated CTA before and 
after TEVAR at our center between 2006 and 2013. Patients 
with connective tissue disorders, aortic dissection, aortic 
rupture, or <18 years of age were excluded. Search of the 
database identified 8 patients (mean age 71.0±8.2 years; 6 
men) with CTA images suitable for evaluation. Patient and 
procedure characteristics are listed in Table 1. From 1 to 3 
(median 2) stent-grafts were implanted in this cohort, either 
Relay (Bolton Medical Inc, Sunrise, FL, USA) or Valiant 
(Medtronic Inc, Minneapolis, MN, USA). The study proto-
col was evaluated by the local ethics review board; formal 
approval and informed consent were waived.

Imaging Protocol

Cardiac-gated CTA scans of the aorta were performed with 
a multislice CT system (64- or 256-row; Philips Medical 
System, Best, the Netherlands). A 3-dimensional (3D) scan 
volume was acquired at each of the 8 equidistant time steps, 
covering the entire cardiac cycle and providing a 4-dimen-
sional (4D) dataset. For the pre- and postoperative CTA 
imaging, pixel spacing [pre TEVAR: median 0.5/0.5 mm, 
interquartile range (IQR) 0.5, 0.7; post TEVAR: 0.7/0.7 
mm, IQR 0.6, 0.8] and slice thickness (pre TEVAR: 1.5 
mm, IQR 1.4, 1.5; post TEVAR: 1.5 mm, IQR 1.4, 1.5) were 
collected. For enhanced vessel contrast, each patient 
received between 90 and 150 mL of a nonionic contrast 
medium (Iopromide; Schering, Berlin, Germany), followed 
by a 60-mL saline chaser bolus. The workflow from CTA 
imaging to calculation of aortic geometries is illustrated in 
Figure 1 and described below.

Image Segmentation. The CTA images were used to recon-
struct 3D aortic geometry models of all 8 time steps in each 
patient before and after TEVAR. The images were transferred 
to a workstation equipped with dedicated medical image soft-
ware for visualization, segmentation, and analysis of the  
4D dataset. Dedicated imaging software (open source  
ITK-Snap)16 was used to perform segmentations and 3D  
reconstructions of each total thoracic aorta. The software 
implements a 3D active contour segmentation method, called 
snake evolution, which works on a closed surface (the aortic 
lumen). This resulted in 16 reconstructed models of the total 
thoracic aorta per patient (8 before and 8 after TEVAR).

Table 1. Patient and Procedure Characteristics.

Age, y/Sex Diagnosis Stent-Graft Type Size of Stent-Grafts, mm Proximal Landing Zone Proximal Oversizing, %

1. 79/Male TAA Bolton Relay 42×100, 38×100 15 cm distal to LSA 12
2. 65/Male TAA Bolton Relay 38×100 LSA 2
3. 61/Male TAA/rupture Medtronic Valiant 38×125, 40×150, 44×150 LSA 16
4. 79/Male TAA Medtronic Valiant 36×100, 38×100 10 cm distal to LSA 20
5. 70/Male TAA Medtronic Valiant 36×100 LSA 20
6. 75/Male TAA Medtronic Valiant 42×150 LSA 27
7. 77/Female TAA Medtronic Valiant 38×200, 38×200 LSA 11
8. 59/Female PAU/TAA Bolton Relay 34×100 LSA 15

Abbreviations: LSA, left subclavian artery; PAU, penetrating aortic ulcer; TAA, thoracic aortic aneurysm.
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Quantitative Analysis of 3D Aortic Geometry. Given the 3D 
aortic reconstruction, a semiautomatic script was applied to 
extract geometries of the anatomical zones of interest. The 
script combines methods implemented in Visualization 
Toolkit and Vascular Modelling Toolkit libraries to visual-
ize and process the 3D thoracic aortic reconstruction.17,18 
This image elaboration is performed through a well-defined 
procedure that can be summarized in a few steps: (1) calcu-
lation of the center lumen line (CLL), (2) branch splitting, 
and (3) computation of CLL features.

A Lagrangian frame was used for each of the 8 cardiac 
phases to avoid potential bias of rigid body motion and lon-
gitudinal aortic shortening and elongation on geometric 
measurements.1,3 For such an approach trackable anatomi-
cal landmarks were used to fix the reference frames of the 
dynamic aorta, as reported by Morrison et al.3 These land-
marks were defined for each of the 8 cardiac phases by 
identification of the sinotubular junction (STJ) and branch 
bifurcations computed from the CLL. First, the aortic root 
was cut from the valvular plane upward into 30 equally 
spaced (1-mm) sections. The area of each section and its 
difference from the subsequent section were calculated, 
defining the STJ as the section where this difference 
reached a local minimum. Bifurcations were identified by 
centerline splits to the side branch of interest, as described 
by Piccinelli et al.17

After calculation of the CLL, the thoracic aorta was 
automatically subdivided in 3 segments of interest: the 
ascending aorta, extending from STJ to the brachiocephalic 
trunk; the arch, from brachiocephalic trunk to the left sub-
clavian artery (LSA); and the descending aorta, from the 
LSA to the celiac trunk (Figure 2A). The total thoracic aorta 
length was computed as the length from the STJ to the 

celiac trunk. End-systolic (maximum) and end-diastolic 
(minimum) lengths during the 8 phases of the cardiac cycle 
were quantified for each patient pre and post TEVAR. 
Pulsatile longitudinal strains were calculated by dividing 
the cumulative length displacement along the CLL for each 
segment (ie, ascending aorta, arch, and descending aorta) 
by the end-diastolic length of that segment.1

Aortic diameters and areas were measured for each of 
the 8 cardiac phases at the level of the STJ, 1 cm proximal 
to the brachiocephalic trunk, 1 cm distal to the LSA, and 1 
cm proximal to the celiac trunk (Figure 2B). Diameters 
were computed over 360 axes, calculating the distance 
between all points constituting the section of interest per-
pendicular to the CLL and then extracting the minimum and 
maximum of those values, as described before.17,18 Areas 
were measured by triangulating the appointed section and 
summing the area of all the obtained triangles. Assuming 
that the cross section was circular, an equivalent radius was 
derived from the measured area. This radius was then used 
to compute the circumference as twice the radius multiplied 
by π. Subsequently, circumferential (or hoop) strains at 
each appointed level were calculated as the cumulative cir-
cumference change during the 8 phases of the cardiac cycle 
divided by the corresponding end-diastolic circumference.

Diameters and areas within stented segments were 
deemed unreliable because the stent-graft struts caused 
artifacts to the segmentations, as shown in Figure 3. This 
led to highly variable diameters and areas within the stented 
segments, with subsequent unrealistically high pulsatile 
circumferential strains. Therefore, only unstented levels 
were included for analysis of circumferential strains. 
Moreover, no additional levels within the descending aorta 
were included for analysis, as its preferable anatomical 

Figure 1. Schematic representation of the workflow from image data acquisition through segmentation, calculation of the 
center lumen line (CLL), and branch splitting to define anatomical landmarks to be used for computation of aortic geometries in 
longitudinal and circumferential zones of interest pre and post TEVAR (thoracic endovascular aortic repair). 3D, 3-dimensional; ECG, 
electrocardiography.
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landmarks, the intercostal arteries,3 were blocked follow-
ing TEVAR.

Statistical Analysis

All data are presented as mean ± standard deviation (SD) or 
median (IQR). Statistical analyses of differences between 
end-systolic and end-diastolic aortic diameters, areas, and 
lengths were performed using the Student t test for paired 
data or the independent-samples t test. Linear regression 
analysis was used to assess associations between time from 
TEVAR to postoperative imaging and strain changes; 
results are presented as the odds ratio (OR) with the 95% 
confidence interval (CI). Normal data distribution was 
assessed by skewness and kurtosis Z-values between −1.96 
and 1.96, p>0.05 on the Shapiro-Wilk test, and visualization 
of approximately normally distributed data with histograms. 
Variability among patients was assessed by computing the 
coefficient of variation (CV). All differences achieving 
p<0.05 were considered statistically significant.

Segmentation of the thoracic aorta could potentially lead 
to slight measurement differences. Therefore, segmenta-
tions were conducted twice by the same investigator (C.T.) 
and repeated by another investigator (F.N.), allowing for 
intra- and interobserver variability analysis using Lin’s con-
cordance correlation coefficient method (LCCC).19 An 
LCCC <0.90 indicated poor agreement, 0.90 to 0.95 was 

moderate, 0.9 to 0.99 was substantial, and >0.99 was almost 
perfect agreement. Data were analyzed with SPSS software 
(version 23.0; IBM Corporation, Somers, NY, USA).

Results

The median interval from intervention to post TEVAR 
imaging was 0.1 months (IQR 0.1, 5.8). Patients were 
homogeneous regarding maximum aneurysm size 
(57.1±13.5 mm, CV=0.24), proximal neck size (38.1±2.6 
mm, CV=0.07), proximal stent-graft oversizing 
(15.4%±7.0%, CV=0.45), distal neck size (31.4±2.7 mm, 
CV=0.08), distal stent-graft oversizing (22.6%±11.7%, 
CV=0.52), and in situ stent-graft length (161.5±70.2 mm, 
CV=0.43). Figure 2 illustrates the average stent-graft cover-
age per length segment and circumferential level.

Lengths and Pulsatile Longitudinal Strains

Diastolic and systolic lengths as well as the related pulsatile 
longitudinal strains are presented in Figure 4A for each aor-
tic segment before and after TEVAR (full details are listed 
in Supplemental Table S1; supplementary material avail-
able at http://journals.sagepub.com/doi/suppl/10.1177/1526
602816687086). A schematic representation of the seg-
mented thoracic aorta (Figure 5A) illustrates pulsatile lon-
gitudinal strains before and after TEVAR. Before TEVAR, 

Figure 2. Schematic representation of the thoracic aorta, illustrating longitudinal and circumferential zones of interest and stent-
graft coverage for all 8 patients. (A) Percentage of length segment covered in the ascending aorta (purple), aortic arch (green), 
and descending aorta (red). (B) Proportion (n/n) of circumferential levels covered with a stent-graft at the sinotubular junction (1), 
brachiocephalic trunk (2), left subclavian artery (3), and celiac trunk (4).

http://journals.sagepub.com/doi/suppl/10.1177/1526602816687086
http://journals.sagepub.com/doi/suppl/10.1177/1526602816687086
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pulsatile longitudinal strain was highest in the arch 
(7.1%±2.5%, p<0.001). After TEVAR, pulsatile longitudi-
nal strains increased significantly from 7.1%±2.5% to 
12.5%±5.1% (a 77% increase) in the arch (p=0.04) and 
from 5.6%±2.3% to 9.4%±4.4% (a 69% increase) in the 
ascending aorta, but the latter was not significant (p=0.06). 
Pulsatile longitudinal strain in the descending aorta did not 
show a statistical difference following TEVAR (p=0.24). 
Overall, longitudinal strain tended to increase, but not sig-
nificantly, in the total thoracic aorta following TEVAR 
(1.6%±0.6% vs 2.2%±1.4%, p=0.11).

Regarding gender-related differences, longitudinal 
strains were higher in women than men along the total tho-
racic aorta (2.5%±0.4% vs 1.3%±0.2%) and the ascending 
aorta (8.5%±0.8% vs 4.6%±1.8%). No gender-related dif-
ferences for longitudinal strain change were observed after 
TEVAR.

Diameters and Pulsatile Circumferential Strains

Diastolic and systolic diameters as well as the related pulsa-
tile circumferential strains are presented in Figure 4B for 
each aortic segment before and after TEVAR (full details 

are listed in Supplemental Table S2; supplementary mate-
rial available at http://journals.sagepub.com/doi/suppl/10.1
177/1526602816687086). The unstented mean end-systolic 
diameters increased after TEVAR from 31.2±3.9 mm to 
32.8±4.2 mm (a 5% increase).

Figure 5B demonstrates pulsatile circumferential strains 
before and after TEVAR in a segmented thoracic aorta. 
Average pulsatile circumferential strains did not differ 
throughout the thoracic aorta. After TEVAR, mean pulsatile 
circumferential strains tended to increase proximal to the 
stent-graft from 5.0%±1.4% to 6.3%±1.0% at the STJ (an 
increase of 26%, p=0.18); at the unstented celiac trunk, the 
42% increase from 3.6%±1.8% to 6.2%±1.8% was signifi-
cant (p=0.02). No differences of circumferential strain 
change related to gender were observed.

Regarding the impact of stent-graft type, overall preop-
erative pulsatile longitudinal and circumferential strains did 
not differ significantly when comparing the 3 patients 
treated with a Bolton Relay to the 5 patients with Medtronic 
Valiant stent-graft (p=0.95 and p=0.95, respectively). After 
TEVAR, differences in pulsatile longitudinal and circum-
ferential strains in both patient groups again did not reach 
statistical significance (Supplemental Table S3; supplemen-
tary material available at http://journals.sagepub.com/doi/
suppl/10.1177/1526602816687086).

Clinical Outcomes and Pulsatile Strain Changes

Fourteen days following TEVAR, patient 1 developed retro-
grade aortic dissection, originating from an entry tear at the 
proximal end of the stent-graft and limited to the descend-
ing aorta. He was not known to have a connective tissue 
disease nor was the proximal stent-graft severely oversized 
(12%). However, interestingly, after TEVAR, pulsatile lon-
gitudinal strain decreased in this patient by 60% in the 
descending aorta (from 1.7% to 1.1%) and increased by 
96% in the ascending aorta (from 2.4% to 4.7%) and by 
29% in the arch (from 5.8% to 7.5%). Moreover, a 4-fold 
increase in pulsatile circumferential strain (from 1.3% to 
5.4%) was observed proximal to the stent-graft at the LSA. 
The aortic dissection in this patient remained stable and 
showed no progression at 1-year CTA imaging, after which 
the patient returned to a local center for further monitoring. 
All other patients were free of any major complications at 
1-year imaging follow-up.

Association Between Time and Pulsatile Strain 
Change

After linear regression analysis, longer time between 
TEVAR and postoperative imaging was associated with less 
longitudinal strain increase in the arch (OR −0.05, 95% CI 
−0.10 to −0.01, p=0.04). No significant association was 
found between the interval from TEVAR to postoperative 
imaging and circumferential strain changes.

Figure 3. Segmented thoracic aorta following thoracic 
endovascular aortic repair (TEVAR) shown with high opacity 
to reveal the intraluminal surface. The blue arrow marks the 
smooth intraluminal surface of the unstented ascending aorta, 
while the red arrow shows the crinkled intraluminal surface 
of the stent-graft, which led to artifacts in diameter/area 
measurements.

http://journals.sagepub.com/doi/suppl/10.1177/1526602816687086
http://journals.sagepub.com/doi/suppl/10.1177/1526602816687086
http://journals.sagepub.com/doi/suppl/10.1177/1526602816687086
http://journals.sagepub.com/doi/suppl/10.1177/1526602816687086
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Intra- and Interobserver Agreement

For intraobserver measurements, mean differences for 
length, diameter, and area were −0.9±3.2 mm, 0.2±0.4 mm, 
and 4.4±23.4 mm2, respectively, with subsequent LCCCs of 
0.99 (95% CI 0.99 to 1.00), 0.99 (95% CI 0.98 to 0.99), and 
0.98 (95% CI 0.96 to 0.99) indicating excellent intraob-
server agreement. Regarding interobserver measurements, 
mean differences for length, diameter, and area were 
0.60±3.6 mm, −0.51±1.3 mm, and 9.3±24.3 mm2, respec-
tively, with LCCCs of 0.99 (95% CI 0.99 to 1.00), 0.91 
(95% CI 0.81 to 0.94), and 0.98 (95% CI 0.97 to 0.99). This 
indicated excellent intraobserver agreement for length and 
area and moderate agreement for diameter.

Discussion

This study found that TEVAR induced an increase in pulsa-
tile longitudinal strains proximal to the stent-graft, averag-
ing 77% in the arch and 69% in the ascending aorta. Overall, 
the highest pulsatile longitudinal strains were observed in 
the arch. Pulsatile circumferential strains were similar 
throughout the thoracic aorta and increased following 
TEVAR at the level of the unstented celiac trunk.

To improve outcomes following TEVAR, it is important 
to understand the biomechanical impact of stiff stent-grafts 
on the pulsatile thoracic aortic wall. Up to now, this impact 
has remained unclear, while the use of TEVAR increases, 
even in younger patients who have highly compliant 

Figure 4. (A) Diastolic to systolic lengths and pulsatile longitudinal strains given per aortic segment pre TEVAR (blue) and post 
TEVAR (red). (B) Diastolic to systolic diameters and pulsatile circumferential strains given per aortic level pre and post TEVAR. Mean 
values are given, with strain as mean percentage ± standard deviation. LSA, left subclavian artery; STJ, sinotubular junction; TEVAR, 
thoracic endovascular aortic repair.
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aortas.3,4,20,21 Before TEVAR, pulsatile strain rates were 
consistent with the recent literature.1,3,15 Pulsatile longitu-
dinal strains in the ascending aorta (5.6%±2.3%) were 
higher in the 2 female patients (8.5%±0.8%), which agrees 
with the report of Bell et al,1 who studied aortic strain 
through magnetic resonance in a large cohort. Moreover, 
pulsatile longitudinal strains were considerably lower in 
the descending aorta (p<0.001) compared to the arch and 
ascending aorta, which supports findings of Morrison 
et al,3 who used a comparable imaging technique. In our 
study, the highest longitudinal strains were observed in the 
arch (7.1%±2.5%), for which no comparative data could be 
found in the literature. Pulsatile circumferential strains 
ranged between 3.6% and 5.0% in our study, which agrees 
with current literature.1,3,15

After TEVAR, increased pulsatile longitudinal strain 
was observed proximal to the stent-graft, which might be 
explained by the fact that the heart pulls the STJ downward 
with each heartbeat, as Beller et al2 and Bell et al1 also 
reported, causing the thoracic aorta to extend longitudi-
nally. However, after TEVAR, the descending aorta is 
stiffer, for which the ascending aorta and arch are, hypo-
thetically, forced to compensate, leading to increased strain 
in those segments. This elevated strain might weaken the 
aortic wall, which could be associated with aortic dilatation 
and dissection.2,8

This study found that longer time between TEVAR and 
postoperative imaging was associated with reduced longitu-
dinal strain elevation in the aortic arch. This finding might 

be explained by the concept that mechanical stretching 
causes fibrous aortic remodeling, as a healing process.22,23 
The observed increased longitudinal strains in the arch fol-
lowing TEVAR might have triggered such a remodeling 
process, which most likely stiffened the aorta over time, 
resulting in reduced longitudinal strain changes.

Pulsatile circumferential strains increased after TEVAR 
at the unstented level of the celiac trunk, while tending to 
increase at the STJ. Although this could not be quantified at 
the stented intersections due to artifacts in the segmenta-
tions, several other studies reported that (T)EVAR stiffens 
the aorta.15,24,25 Brekken et al15 showed through echography 
that circumferential strains decreased about 40% to 70% 
after EVAR. Such a reduction of the pulsatile “windkessel 
effect,”26 resulting from increased impedance in the stent-
graft, might be corrected in part by increased pulsatile 
strains in the unstented adjacent sections to maintain stor-
age of kinetic energy. This further enlarges the compliance 
mismatch. Indeed, the pulsatile circumferential strains 
tended to increase (26%) proximal to the stent-graft at the 
STJ, and the 42% increase distal to the stent-graft at the 
celiac trunk was significant. Such elevated pulsatile strains 
have been associated with aneurysm formation8 and also 
with rupture11 and retrograde dissection,9 2 major complica-
tions of TEVAR, with reported mortalities of about 50% 
and 40%, respectively.9,27 On this note, as mentioned, one 
patient in our cohort developed retrograde dissection fol-
lowing TEVAR. This patient showed considerable increases 
in the pulsatile longitudinal and circumferential strains 

Figure 5. Segmented thoracic aorta demonstrating (A) pulsatile longitudinal strains pre and post TEVAR (thoracic endovascular 
aortic repair) in the ascending aorta (purple), the arch (green), and descending aorta (red). (B) Pulsatile circumferential strains pre 
and post TEVAR at the sinotubular junction, brachiocephalic trunk, left subclavian artery, and celiac trunk. Values are given as mean 
percentage ± standard deviation. P-values were computed for pre vs post TEVAR using paired t testing.
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proximal to the stent-graft. Such elevated pulsatile strains 
might have triggered the retrograde dissection; however, 
studies including larger cohorts are warranted to investigate 
the association between pulsatile strain and the formation of 
retrograde or antegrade dissection.

Certain stent-graft designs might be more compliant 
than others. For instance, in our study, the Bolton Relay 
stent-graft has a longitudinal sidebar connecting the stents, 
which may limit longitudinal strain. Nevertheless, no statis-
tically significant differences in pulsatile longitudinal 
strains were observed between this device and the Medtronic 
Valiant stent-graft, which does not have a longitudinal bar. 
This may be due to our small cohort. However, our study 
might give direction to future research, as scarce data exist 
regarding direct comparisons of clinical performances of 
different stent-graft designs, suggesting a need for random-
ized controlled trials. In addition, future dynamic imaging 
studies should continue to investigate the biomechanical 
interaction between stent-grafts and aortic elasticity, with 
the goal of improving outcomes following TEVAR. More 
compliant devices might fit the elastic aortic environment 
better, potentially reducing the pulsatile strain mismatch. 
However, this is yet to be confirmed.

Limitations

The study was limited by a low sample size so the results 
cannot be completely generalized. This is particularly 
important when interpreting our multiple comparisons, 
such as intergender differences, since only 2 women were 
included, and our comparison between stent-graft type, as 
only 3 Bolton and 5 Medtronic devices were available for 
analysis. Also, circumferential strains within stented seg-
ments could not be reported due to artifacts. Moreover, only 
short-term follow-up data were available, which precluded 
the assessment of potential long-term aortic remodeling 
effects on pulsatile strain.

Finally, blood pressure data for all patients both before 
and after TEVAR were unavailable; therefore, aortic dis-
tensibility, which takes pulse pressure into account, could 
not be quantified.28 Additional studies with larger cohorts 
and inclusion of blood pressure data are required to con-
firm our findings and to study circumferential geometric 
changes within the stented segments. These studies should 
aim to implement dedicated tools to reduce such artifacts.29 
Our study may serve as a base for future larger studies, 
which would ideally have a prospective design, long-term 
follow-up, and randomization to different stent-graft types, 
using consistent and highly detailed image acquisition. 
Furthermore, with the advancements in medical imaging, 
the pixel spacing and the number of equidistant time steps 
during the cardiac cycle could be improved and should be 
investigated in the future.

Conclusion

This dynamic imaging study in TAA patients managed with 
TEVAR showed that current thoracic stent-grafts are asso-
ciated with an increase in pulsatile longitudinal strains in 
the aortic arch and pulsatile circumferential strains at the 
level of the celiac trunk. These data may yield insight into 
the pathogenesis of TEVAR-related complications, such as 
retrograde or antegrade dissection, aneurysm formation, 
and rupture, and might imply the need for more compliant 
stent-graft designs.
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