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CASE REPORT

Stent‑induced new entry and device 
migration associated with hemodynamic stress 
after thoracic endovascular aortic repair for type 
B chronic aortic dissection using computational 
fluid dynamics analysis: a case report
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Abstract 

Background  Stent graft-induced new entry (SINE) after thoracic endovascular aortic repair (TEVAR) is a serious 
adverse event which leads to stent graft migration and rupture. SINE is known to be more frequent in cases of chronic 
dissection and oversizing. However, few studies have evaluated the influence of hemodynamic stress on SINE 
in patients with chronic dissection. Here, we report a rare case of TEVAR for chronic dissection with a dissection stent, 
inducing SINE 6 years after the first surgery. In addition, we analyze the hemodynamic stress for the aortic event using 
computational fluid dynamics (CFD) analysis.

Case presentation  A 69-year-old male underwent TEVAR with left subclavian artery debranching for chronic type 
B aortic dissection, using a stent graft and dissection stent. The postoperative course was uneventful, but follow-up 
computed tomography (CT) showed that the stent graft and bare-metal stent had dislodged 4 years after surgery. 
The gap between the bare-metal stent and the stent graft increased over time, and the proximal edge of the bare-
metal stent led to SINE at the descending aorta 6 years after surgery. We performed reintervention to cover the SINE. 
The patient recovered well and was discharged at 6 days postoperatively. He is currently in good condition 6 months 
after reintervention. CFD analysis of the patient’s CT image suggested that the local change in wall shear stress 
at the stent graft and dissection stent might be related to the aortic event.

Conclusion  Hemodynamic stress is a factor affecting SINE and device migration. CFD may be useful for evaluating 
patient-specific risk of aortic events.

Keywords  Device migration, Computational fluid dynamics, Type B chronic aortic dissection, Thoracic endovascular 
aortic repair, Stent-graft induced new entry

Background
Device migration after endovascular aortic repair often 
leads to poor outcomes [1]. Especially in thoracic endo-
vascular aortic repair (TEVAR), device migration is 
caused by distal stent graft-induced new entry (d-SINE) 
[2], which is a serious TEVAR adverse event. Early rein-
tervention before the occurrence of d-SINE is important. 
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However, SINE and/or device migration is difficult to 
predict using typical computed tomography (CT) scans.

Computational fluid dynamics (CFD) analysis can 
simulate flow mechanics and can be applied to the car-
diovascular system when the blood is defined as a fluid. 
Evaluation of stent graft structure or postoperative 
hemodynamics after endovascular aortic repair using 
CFD analysis has been reported in recent studies [3, 4]. 
Several studies revealed that hemodynamics affect SINE 
and stent graft migration risk after stent graft implanta-
tion [5–7]. CFD analysis estimates hemodynamic stress 
using a three-dimensional (3D) model constructed from 
medical images [8]. However, few case reports of SINE 
and device migration evaluated using CFD analysis have 
been published, especially in cases of chronic aortic dis-
section [9, 10]. We report a patient-specific CFD analy-
sis to assess the hemodynamic stress leading to SINE 
and stent graft migration after type B chronic aortic 
dissection.

Case presentation
A 69-year-old male developed type B aortic dissection 9 
years ago. Our management of uncomplicated type B 
aortic dissection at that time consisted of optimal medi-
cal treatment in the acute phase. Thereafter, outpatient 

follow-up was performed to monitor increases in the 
aortic diameter, in which case the decision was made 
to perform surgery. The maximal aortic diameter at 6 
months from the onset was 41 mm at the distal arch, 
increasing to 45 mm at 1 year and to 46 mm at 2 years 
after the onset. The patient experienced nausea and vis-
ited our emergency department 3 years after the onset. 
Contrast-enhanced CT scan showed true lumen nar-
rowing and distal arch enlargement to 48 mm in the 
axial view (Fig.  1a). TEVAR was planned due to rapid 
aortic enlargement. To deploy a device at a healthy 
landing zone, left subclavian artery debranching was 
also performed (Fig. 1b). The mean proximal and distal 
aortic diameters were 33 mm and 13 mm, respectively, 
corresponding to a mean taper ratio of approximately 
60% (Fig.  2). A Zenith TX2 Dissection Endovascular 
graft (ZTEG-2PT-36-197-PF-D) and a dissection stent 
(GZSD-36-164-2, both from Cook Medical, Blooming-
ton, IN) were selected at the surgeon’s discretion. The 
device overlapping length was 22 mm (Fig. 1c). Accord-
ing to the instruction manual, Zenith dissection stent is 
only applied for acute type B aortic dissection. In this 
case, it was probably used to expand the true lumen, 
but further details were unknown as the medical record 
had been disposed of. The post-TEVAR recovery was 

Fig. 1  Pre- and postoperative computed tomography (CT) images of the first thoracic endovascular aortic repair (TEVAR). a Distal aortic arch 
aneurysm with type B aortic dissection; 3 years had passed since the onset. b Postoperative CT scan of the first TEVAR. c The length of the overlap 
with the stent graft and bare-metal stent at the first TEVAR
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uneventful. He was then followed as an outpatient with 
an annual follow-up. The patient’s postoperative course 
was favorable until the second year (Fig. 3a). The bare-
metal stent was dislodged, and the stent graft started 
to move cranially in the fourth year (Fig.  3b). The gap 
between the bare-metal stent and stent graft increased 
over time (Fig.  3c). Finally, the stent graft migrated 
and shortened (Fig.  3d). Moreover, the proximal edge 
of the bare-metal stent showed a new entry into the 
descending aorta (Fig.  4a). Since the descending aortic 
aneurysm rapidly expanded to 60 mm, we performed 
reintervention with a Zenith alpha thoracic stent (ZTA-
PT-34-30-209-W1, Cook Medical). An additional device 
was placed from the descending section of the previ-
ous stent graft to the third bare-metal stent to overlap 
the new entry (Fig.  4b). Endoleaks were not observed. 
The patient recovered well and was discharged at 6 days 
postoperatively. He is currently in good condition 6 
months after reintervention.

We evaluated the SINE and device migration 
using CFD analysis performed by SimVascular [11]. 

Preoperative CT (Fig.  4a) was used for the analysis. 
First, the DICOM image was loaded into the SimVas-
cular software. We then created a 3D model of the 
thoracic aorta from the DICOM image. To simplify 
the simulation, the brachiocephalic and left common 
carotid arteries were excluded from the 3D model. 
Blood density and viscosity were set at 1.06 g/cm/s2 
and 0.04 g/cm3, respectively, which correspond to the 
default values for blood. The inflow rate by cardiac 
output was assumed as previously reported [12], and 
the outlet boundary condition was set to 1333 dyn·s/
cm5 for the descending aorta as the standard value 
for vascular resistance. This simulation setting was 
referenced from the official SimVascular website 
(https://​simva​scular.​github.​io/​docum​entat​ion/​flows​
olver.​html). The results of the simulation were visual-
ized using ParaView (Kitware Inc., Clifton Park, NY) 
(Fig.  5). The median wall shear stress (WSS) at the 
descending aorta was 6.58 [4.56–9.82] dyn/cm2 and 
12.70 [10.84–14.06] dyn/cm2 for the anterior and pos-
terior walls of the stent graft, respectively. The median 

Fig. 2  Detailed analysis of the aortic geometry. The top two panels in the left column show the average diameter of the proximal and distal landing 
zone. The green line in the bottom panel of the left column indicates the center line of the aorta. The right column shows the planned treatment 
length

https://simvascular.github.io/documentation/flowsolver.html
https://simvascular.github.io/documentation/flowsolver.html
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WSS at the bare-metal stent was 27.67 [24.64–29.74] 
dyn/cm2 (Fig. 5).

Discussion
The patient’s thoracic aortic aneurysm rapidly expanded 
due to SINE. Risk factors for SINE are reported to be 
chronic dissection, high taper ratio, and high oversizing 
ratio [13]. Additionally, when the taper ratio is < 48% or 
the oversizing ratio is > 108%, SINE occurs more fre-
quently [13]. Although an optimal oversize is needed for 
obtaining sufficient radial force, excessive oversize may 
cause an intimal tear [13]. Moreover, oversizing leads 
to endograft morphological changes [14], which may 
result in device migration [15]. In this case, the taper 
and oversizing ratios of the distal landing zone were 
60 and 177%, respectively. Thus, this case was consid-
ered as high-risk for SINE. Finally, oversizing may have 
caused stent graft migration and device dislodgement 
over time, resulting in SINE. To prevent SINE in this 
case, using at least 10 mm tapered devices should have 
been considered to minimize the distal oversize. There 
should also have been a greater overlap between the 
stent graft and bare-metal stent at the initial TEVAR, 
and a dissection stent should not have been used for 

a chronic dissection for any reason, especially with a 
severe size mismatch.

In addition to endograft oversizing, WSS has been 
reported as a factor behind SINE occurrence [15]. The 
WSS was calculated using specific blood viscosity, blood 
velocity, and vessel radius values. WSS represents the 
tangential force on the arterial wall; some studies have 
shown that high WSS is associated with serious adverse 
events, including d-SINE or retrograde type A aor-
tic dissection [15, 16]. Osswald et  al. revealed that the 
WSS of the d-SINE group increased significantly from 
8 to 15.5 dyn/cm2 within the stent graft [15]. Kobayashi 
et al. also pointed out that the mismatched shear stress 
between the stented and unstented intima was related 
to the occurrence of d-SINE [2]. Considering these 
reports, a high WSS at the bare-metal stent might have 
induced the SINE. Additionally, WSS may also be related 
to device migration [17]. An implanted stent graft is 
exposed to surface forces by in vivo hemodynamics. The 
surface force is called displacement force (DF), com-
posed of a normal component by blood pressure and a 
tangential component by the WSS [17]. If the DF at the 
posterior section of the stent graft at the descending 
aorta is high, this force can promote cranial and dorsal 

Fig. 3  Timeline of device migration. All four panels depict the curved planar reconstruction image generated from the CT scan. These images 
were obtained at one postoperatively from the first TEVAR. The white line in panel (a) shows the length of the stent-graft and the bare-metal stent. 
The red arrow represents the direction of the proximal edge of the stent-graft, which moves cranially over time. The yellow arrowhead points 
to the proximal edge of the bare-metal stent, while the yellow line shows the gap between the stent-graft and the bare-metal stent. The gap 
was observed at 4 years after surgery and enlarged over time
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migration. According to the CFD analysis, WSS within 
the stent graft was different between the anterior and 
posterior walls (Fig.  5). A high WSS at the stent graft 
posterior wall might be related to the migration. How-
ever, blood pressure needs to be considered for a more 
accurate analysis.

Various software packages can be used to analyze 
CFD from a 3D model. SimVascular provides a full 
pipeline and facilitates the calculation of blood flow 
velocity or WSS [18]. In addition, the simulation results 
can be quickly visualized using the ParaView software 
(https://​www.​parav​iew.​org/). CFD simulations enable 
the assessment of hemodynamic parameters that can-
not be measured using routine CT scans. Considering 
the results of our simulation and previous reports, focal 
changes in WSS could be related to aortic events after 
TEVAR, such as SINE and device migration. When 
planning device selection, it is important to determine 

a landing zone or treatment length that minimizes local 
WSS changes based on a CFD analysis. Moreover, if a 
device migration is once observed and WSS within a 
stent graft is locally high, reintervention can be per-
formed sooner, before SINE occurs. CFD analysis may 
be useful for evaluating the patient-specific risk of 
adverse aortic events.

Nevertheless, CFD analysis has multiple limitations. 
First, this simulation assumed an ideal flow using 
results of healthy volunteers [12]. Additional analyses 
of pulsatile flow are needed in the future. Second, the 
mesh size and boundary condition influence the accu-
racy of the simulation but are difficult to define. In this 
case, the parameters were limited according to the per-
formance of the computer.

In conclusion, we report a case of device migra-
tion due to device oversizing and SINE after TEVAR 
for chronic type B aortic dissection. In addition to the 

Fig. 4  Pre- and postoperative computed tomography (CT) images of the second TEVAR. a Descending aortic aneurysm with stent-induced 
new entry (SINE) and device migration; 9 years had passed since the onset of the aortic dissection. The white arrowhead indicates the SINE. b 
postoperative CT scan after the second TEVAR showing that the SINE disappeared. The white line represents the length of the new stent-graft

https://www.paraview.org/
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oversizing, we evaluated the influence of hemodynamic 
stress for this aortic event. The increased WSS was 
probably a part of the cause of device migration and 
SINE. CFD analysis may be useful for evaluating the 
patient-specific risk of aortic adverse events.
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CT	� computed tomography
DF	� displacement force
d-SINE	� distal stent graft-induced new entry
TEVAR	� thoracic endovascular aortic repair
WSS	� wall shear stress

Acknowledgements
We would like to thank Editage (www.​edita​ge.​jp) for English language editing.

Authors’ contributions
IH wrote the manuscript. IH, UT, RU and AS performed the second surgery. All 
authors read and approved the final manuscript.

Funding
None.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated or 
analyzed during the current study.

Declarations

Consent for publication
The informed consent was obtained from the patient.

Competing interests
The authors declare that they have no competing interests.

Received: 30 August 2023   Accepted: 15 February 2024

References
	1.	 Asenbaum U, Schoder M, Schwartz E, Langs G, Baltzer P, Wolf F, et al. 

Stent-graft surface movement after endovascular aneurysm repair: 
baseline parameters for prediction, and association with migration and 
stent-graft-related endoleaks. Eur Radiol. 2019;29:6385–95. https://​doi.​
org/​10.​1007/​s00330-​019-​06282-w.

	2.	 Kobayashi K, Yamashita A, Kuroda Y, Nakai S, Arai S, Uchida T. Unex-
pected bare metal stent migration associated with aortic remodeling 
after PETTICOAT technique for aortic dissection. J Endovasc Ther. 
2023;30:302–6. https://​doi.​org/​10.​1177/​15266​02822​10755​48.

	3.	 Ashraf F, Ambreen T, Park CW, Kim DI. Comparative evaluation of ballet-
type and conventional stent graft configurations for endovascular 
aneurysm repair: a CFD analysis. Clin Hemorheol Microcirc. 2021;78:1–
27. https://​doi.​org/​10.​3233/​CH-​200996.

	4.	 Zhang X, Chen D, Wu M, Dong H, Wan Z, Jia H, et al. Functional evaluation 
of embedded modular single-branched stent graft: application to type B 

Fig. 5  Results of the simulation. The wall shear stress (WSS) is displayed in the left anterior oblique and posterior views. A high WSS is observed 
at the posterior wall of the stent graft (white arrowheads) comparing with the anterior wall (black arrowheads). The WSS is increased at the second 
strut of the bare-metal stent consistent with the SINE location (black arrows)

https://www.editage.jp
https://doi.org/10.1007/s00330-019-06282-w
https://doi.org/10.1007/s00330-019-06282-w
https://doi.org/10.1177/15266028221075548
https://doi.org/10.3233/CH-200996


Page 7 of 7Hosaka et al. General Thoracic and Cardiovascular Surgery Cases             (2024) 3:8 	

aortic dissection with aberrant right subclavian artery. Front Cardiovasc 
Med. 2022;9:869505. https://​doi.​org/​10.​3389/​fcvm.​2022.​869505.

	5.	 Mohan IV, Harris PL, Van Marrewijk CJ, Laheij RJ, How TV. Factors and 
forces influencing stent-graft migration after endovascular aortic aneu-
rysm repair. J Endovasc Ther. 2002;9:748–55. https://​doi.​org/​10.​1177/​
15266​02802​00900​606.

	6.	 Roos H, Ghaffari M, Falkenberg M, Chernoray V, Jeppsson A, Nilsson H. 
Displacement forces in iliac landing zones and stent graft interconnec-
tions in endovascular aortic repair: an experimental study. Eur J Vasc 
Endovasc Surg. 2014;47:262–7. https://​doi.​org/​10.​1016/j.​ejvs.​2013.​11.​015.

	7.	 Osswald A, Weymann A, Tsagakis K, Zubarevich A, Thielmann M, Schmack 
B. First insights into the role of wall shear stress in the development of a 
distal stent graft induced new entry through computational fluid dynam-
ics simulations. J Thorac Dis. 2023;15:281–90. https://​doi.​org/​10.​21037/​
jtd-​22-​1206.

	8.	 Stefanov F, McGloughlin T, Morris L. A computational assessment of the 
hemodynamic effects of crossed and non-crossed bifurcated stent-graft 
devices for the treatment of abdominal aortic aneurysms. Med Eng Phys. 
2016;38:1458–73. https://​doi.​org/​10.​1016/j.​meden​gphy.​2016.​09.​011.

	9.	 Duque Santos Á, Reyes Valdivia A, Gordillo Alguacil S, Ocaña Guaita J, 
Gandarias ZC. Symptomatic aortic bare-metal stent fracture after PETTI-
COAT technique for complicated type B aortic dissection. Ann Vasc Surg. 
2019;59:311.e1–4. https://​doi.​org/​10.​1016/j.​avsg.​2018.​12.​098.

	10.	 Shintani T, Atsuta K, Saito T. Successful hybrid treatment of stent-graft 
migration caused by type B aortic dissection after endovascular aortic 
aneurysm repair: a case report. Ann Vasc Dis. 2017;10:270–3. https://​doi.​
org/​10.​3400/​avd.​cr.​17-​00044.

	11.	 Lan H, Updegrove A, Wilson NM, Maher GD, Shadden SC, Marsden 
AL. A re-engineered software Interface and workflow for the open-
source SimVascular cardiovascular modeling package. J Biomech Eng. 
2018;140:0245011–111. https://​doi.​org/​10.​1115/1.​40387​51.

	12.	 Yokosawa S, Nakamura M, Wada S, Isoda H, Takeda H, Yamaguchi T. 
Quantitative measurements on the human ascending aortic flow using 
2D cine phase-contrast magnetic resonance imaging. JSME Int J Ser C. 
2005;48:459–67. https://​doi.​org/​10.​1299/​jsmec.​48.​459.

	13.	 Jang H, Kim MD, Kim GM, Won JY, Ko YG, Choi D, et al. Risk factors for 
stent graft-induced new entry after thoracic endovascular aortic repair 
for Stanford type B aortic dissection. J Vasc Surg. 2017;65:676–85. https://​
doi.​org/​10.​1016/j.​jvs.​2016.​09.​022.

	14.	 Nasr B, Savean J, Albert B, Badra A, Braesco J, Nonent M, et al. Thoracic 
stent-graft migration: the role of the geometric modifications of the 
stent-graft at 3 years. Ann Vasc Surg. 2019;58:16–23. https://​doi.​org/​10.​
1016/j.​avsg.​2018.​10.​024.

	15.	 Sternbergh WC 3rd, Money SR, Greenberg RK, Chuter TA, Investigators Z. 
Influence of endograft oversizing on device migration, endoleak, aneurysm 
shrinkage, and aortic neck dilation: results from the zenith multicenter trial. 
J Vasc Surg. 2004;39:20–6. https://​doi.​org/​10.​1016/j.​jvs.​2003.​09.​022.

	16.	 Osswald A, Karmonik C, Anderson JR, Rengier F, Karck M, Engelke J, 
et al. Elevated wall shear stress in aortic type B dissection may relate 
to retrograde aortic type a dissection: a computational fluid dynamics 
pilot study. Eur J Vasc Endovasc Surg. 2017;54:324–30. https://​doi.​org/​10.​
1016/j.​ejvs.​2017.​06.​012.

	17.	 Tasso P, Lodi Rizzini M, Raptis A, Matsagkas M, De Nisco G, Gallo D, et al. 
In-stent graft helical flow intensity reduces the risk of migration after 
endovascular aortic repair. J Biomech. 2019;94:170–9. https://​doi.​org/​10.​
1016/j.​jbiom​ech.​2019.​07.​034.

	18.	 Updegrove A, Wilson NM, Merkow J, Lan H, Marsden AL, Shadden SC. 
SimVascular: An Open Source Pipeline for Cardiovascular Simulation. Ann 
Biomed Eng. 2017;45:525–41. https://​doi.​org/​10.​1007/​s10439-​016-​1762-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.3389/fcvm.2022.869505
https://doi.org/10.1177/152660280200900606
https://doi.org/10.1177/152660280200900606
https://doi.org/10.1016/j.ejvs.2013.11.015
https://doi.org/10.21037/jtd-22-1206
https://doi.org/10.21037/jtd-22-1206
https://doi.org/10.1016/j.medengphy.2016.09.011
https://doi.org/10.1016/j.avsg.2018.12.098
https://doi.org/10.3400/avd.cr.17-00044
https://doi.org/10.3400/avd.cr.17-00044
https://doi.org/10.1115/1.4038751
https://doi.org/10.1299/jsmec.48.459
https://doi.org/10.1016/j.jvs.2016.09.022
https://doi.org/10.1016/j.jvs.2016.09.022
https://doi.org/10.1016/j.avsg.2018.10.024
https://doi.org/10.1016/j.avsg.2018.10.024
https://doi.org/10.1016/j.jvs.2003.09.022
https://doi.org/10.1016/j.ejvs.2017.06.012
https://doi.org/10.1016/j.ejvs.2017.06.012
https://doi.org/10.1016/j.jbiomech.2019.07.034
https://doi.org/10.1016/j.jbiomech.2019.07.034
https://doi.org/10.1007/s10439-016-1762-8

	Stent-induced new entry and device migration associated with hemodynamic stress after thoracic endovascular aortic repair for type B chronic aortic dissection using computational fluid dynamics analysis: a case report
	Abstract 
	Background 
	Case presentation 
	Conclusion 

	Background
	Case presentation
	Discussion
	Acknowledgements
	References


