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VERSION 1 - REVIEW 

REVIEWER Dr Manar Khashram 
Department of Surgery -Vascular Surgery  
University of Otago, Christchurch  
New Zealand 

REVIEW RETURNED 08-May-2016 

 

GENERAL COMMENTS Thank you for the opportunity to review this observational study 
protocol investigating the cardiovascular remodelling following 
TEVAR. The protocol is well written and attempts to answer 
important questions.  
-Definition  
Regarding the definition of descending thoracic aortic aneurysms, 
please confirm that the aetiology is atherosclerotic rather than 
chronic dissections aneurysms (as one would anticipate that the 
cardiovascular remodelling will differ between these groups.  
-Patient selection:  
Regarding the control group - please define how and why would 
some patients not undergo treatment with TEVAR and hence be 
selected as controls.  
Is it according to TAA size, PAU morphology or patient comorbidity? 
Please explain  
-Intervention:  
How will the thoracic stent devices be chosen? Will there be more 
than one device used?  
-Discussion:  
Please discuss the potential limitations of this observational study in 
the manuscript, including loss of follow up, treatment of the control 
group during the following period etc 

 

REVIEWER Jean Bismuth 
Houston Methodist Hospital, USA 

REVIEW RETURNED 23-May-2016 

 

GENERAL COMMENTS The authors present a study that they have received IRB approval 
for and are providing here the study plan. Overall I find the question 
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to be answered of significant importance but have some major 
concerns.  
 
1) One of the goals appears to be identifying a compliance mismatch 
between the aorta and the device implanted. The greatest mismatch 
would likely be in young patients with normal aortas in situations 
such as aortic trauma. Aortas with degenerative disease such as 
aneurysm, PAU and overall atherosclerotic changes will logically 
have less difference, particularly when considering more compliant 
devices. Have the authors considered using trauma patients?  
 
2) Have the authors considered using 4D MRI sequences in place of 
or in addition to CFD simulations. There are distinct advantages to 
each but current 4D protocols are well-validated against CFD. 
Please discuss  
 
3) You state that echocardiography will be compared against 
MRI…but for which variables/parameters? Only intraluminal 
pressure? Unless you already have validated your measurements 
on MR/Echo against direct measurement, then this should be done 
on a series of patients. Please provide supportive literature  
 
4) How have the authors considered the influence of individual 
stentgrafts. As the authors know, different stentgrafts have different 
properties, so has the power analysis made a general assumption or 
is it also considered potential differences between devices? This 
brings into play a whole other series of variables. Please discuss  
 
5) The standard of aortic repair which stands as the comparison is 
open dacron replacement. Will the authors consider this as part of 
the analysis? The potential impact of negative data with respect to 
TEVAR remodeling can have great impact on industry and 
treatment. I believe the authors have a duty to show that given their 
supposition that TEVAR does have a negative impact on cardiac 
function, that indeed this is NOT the case with standard open repair.  
 
6) I’m not sure I understand what “optimal medical treatment” is in 
light of a PAU or aneurysm deemed to have indications for surgical 
intervention? Are you comparing similar groups or are you 
comparing one group with small aneurysm and asymptomatic 
PAUs?  
 
7) ECG gated computed tomography provides exquisite spatial 
resolution when compared to CMR, when performing your CT what 
are the goals of the study and is an ECG gated study part of the 
plan?  

 

VERSION 1 – AUTHOR RESPONSE 

Reviewer 1:  

R: Thank you for the opportunity to review this observational study protocol investigating the 

cardiovascular remodelling following TEVAR. The protocol is well written and attempts to answer 

important questions.  

 

-Definition  

Regarding the definition of descending thoracic aortic aneurysms, please confirm that the aetiology is 

atherosclerotic rather than chronic dissections aneurysms (as one would anticipate that the 

cardiovascular remodelling will differ between these groups).  
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A: We thank the reviewer for these comments and confirm that the aetiology of the thoracic aortic 

aneurysms is atherosclerotic/degenerative rather than chronic dissection aneurysms. We have 

clarified this point, both in the abstract and in the methods and analysis section.  

 

 

R: -Patient selection  

Regarding the control group - please define how and why would some patients not undergo treatment 

with TEVAR and hence be selected as controls. Is it according to TAA size, PAU morphology or 

patient comorbidity? Please explain.  

 

A: Control subjects will consist of patients with TAA or PAU not requiring open surgery or TEVAR. 

Indication for aortic repair will be left to the discretion of the care taking physician. This may be based 

on TAA/PAU size and/or morphology, symptoms, and on the comorbidities of the patient. Patients 

with severe comorbidities will be excluded from the study, as detailed in our exclusion criteria (i.e. 

ejection fraction <35%, estimated glomerular filtration rate < 60 mL/min/173 m2, etc). We have added 

the sentence “Choice of management will be left to the discretion of the care taking physician” to the 

section “Participants”.  

 

 

R: -Intervention  

How will the thoracic stent devices be chosen? Will there be more than one device used?  

 

A: The size, manufacturer, and type of thoracic stent-graft will be chosen by the cardiac surgeon in 

charge. More than one device manufacturer will be used as this is standard of care at our centre. 

Potential differences in outcomes among different manufacturers will be compared through statistical 

analyses. This point has been clarified in the methods in the sections “Participants” and “Statistical 

Analysis”.  

 

 

R: -Discussion  

Please discuss the potential limitations of this observational study in the manuscript, including loss of 

follow up, treatment of the control group during the following period etc,  

 

A: We have now discussed these potential limitations of this study at the end of the discussion by 

stating: “As a single-centre, nonrandomised, observational cohort study, generalisability of results 

may be limited, which will require replication at other centres and patients populations. Moreover, 

potential loss of follow-up may lead to a prolonged study period as such patients will be excluded from 

the study. Control subjects managed with aortic repair during the follow-up period may also lead to 

exclusion (in case of open surgery) or to a switch to the TEVAR group, which might increase the 

study period.”  

 

 

 

Reviewer: 2  

R: The authors present a study that they have received IRB approval for and are providing here the 

study plan. Overall I find the question to be answered of significant importance but have some major 

concerns.  

 

1) One of the goals appears to be identifying a compliance mismatch between the aorta and the 

device implanted. The greatest mismatch would likely be in young patients with normal aortas in 

situations such as aortic trauma. Aortas with degenerative disease such as aneurysm, PAU and 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-012270 on 17 N

ovem
ber 2016. D

ow
nloaded from

 

http://bmjopen.bmj.com/


overall atherosclerotic changes will logically have less difference, particularly when considering more 

compliant devices. Have the authors considered using trauma patients?  

 

A: We thank the reviewer for the revision and fair comments, which we aim to elucidate in the 

following.  

Indeed we aim to quantify a potential compliance mismatch between the aorta and the implanted 

stent-graft. We agree with the reviewer that such a mismatch will most likely be largest in young 

patients, with healthy, more compliant aortas. However, this compliant mismatch is still likely very 

significant in aneurysm or PAU patients. Indeed, when comparing typical elasticity of the descending 

thoracic aorta in an elder patient (1.5 MPa) with the elasticity of a typical stent-graft (55.2 MPa), a 

considerable mismatch (about 37 times stiffer) is to be expected.[1,2]  

 

Regarding the inclusion of trauma patients in the study: Although no doubt scientifically interesting, 

including this cohort would be very complex from a logistical perspective: This study conducts pre- 

and post-TEVAR imaging studies on myocardial structure and coronary perfusion. Conducting such 

studies and obtaining consent from the patient prior to emergency TEVAR might be often times 

unfeasible.  

 

Finally, the impact of increased aortic impedance following TEVAR on coronary perfusion, and 

cardiac function and remodelling, is expected to be more significant in elderly patients with 

aneurysmal and atherosclerotic disease whom may already have reduced left ventricular systolic 

function reserve,[3] than in younger subjects with healthier coronary and ventricular function.  

 

 

R: 2) Have the authors considered using 4D MRI sequences in place of or in addition to CFD 

simulations. There are distinct advantages to each but current 4D protocols are well-validated against 

CFD. Please discuss  

 

A: 4D MRI has indeed been validated against CFD in terms of its ability to characterize 3D blood 

velocity maps over time. However, 4D MRI has fundamental limitations when it comes to 

characterizing the pressure field: Indeed, only relative pressure differences (gradients) can be 

obtained from the 4D MRI data. In our study, we are most interested in the characterization of the 

absolute (not relative) value of the pressure, because of its key role on aortic and cardiac remodelling.  

Furthermore, our computational techniques have sophisticated lumped parameter models that can 

describe the performance of the heart at baseline and at follow-up for the subjects enrolled in the 

study. This heart model enables the definition of an ‘elastance function’ that characterizes the 

contractile state of the heart. This elastance function can be estimated with the acquired 

hemodynamic data on flow and pressure. Please refer to references Coogan et al.[4] and Arthurs et 

al.[5] for details.  

Lastly, an additional reason to use CFD is that it naturally enables to virtually quantify the impact of 

devices with different compliance on cardiac and aortic haemodynamics. This is not possible with 

imaging.  

Due to the clinical nature of this manuscript, we decided to leave out some of the technical aspects of 

the computational framework.  

 

 

R: 3) You state that echocardiography will be compared against MRI…but for which 

variables/parameters? Only intraluminal pressure? Unless you already have validated your 

measurements on MR/Echo against direct measurement, then this should be done on a series of 

patients. Please provide supportive literature  

 

A: Cardiac MRI has been validated as image modality for cardiac remodelling,[6,7] thus we do not 
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intend to make this the focus of our study. The parameters we will assess with MRI and echo are 

blood velocity, tissue strain and geometry (not pressure). As detailed in the “Methods” section under 

“Echocardiography”, we will assess the diagnostic accuracy of echocardiography for cardiac 

remodelling against the gold standard, cardiac MRI, by comparing the following variables: left 

ventricular mass index, left atrial volume index, and E/A filling ratios, as is extensively done in other 

research areas such as paediatric cardiac surgery.[8,9]  

Intraluminal pressure is most accurately assessed through a catheter. We will therefore not use MRI 

or echocardiographic data to estimate relative pressures. Instead, our CFD models will rely on 

perioperative invasive catheterisation data and non-invasive cuff data to characterize the pressure our 

subjects. A limitation of this study is that the control group will only have non-invasive cuff pressure 

data. We have added a sentence to the discussion section to acknowledge this point.  

 

 

R: 4) How have the authors considered the influence of individual stentgrafts. As the authors know, 

different stentgrafts have different properties, so has the power analysis made a general assumption 

or is it also considered potential differences between devices? This brings into play a whole other 

series of variables. Please discuss  

 

A: Thank you for this important comment. Indeed, different stent-grafts have different stiffness 

properties. The Nitinol component of the devices is about 1,000 stiffer than the polyester/ePTFE 

component,[2] and therefore different stent designs will lead to different effective stiffness. We have 

added a sentence in the limitations section highlighting the potential differences in stiffness between 

different manufacturers. To assess potential differences between devices, we will conduct 

comparative analysis among stent-graft types. The power analysis of this study was based on 

different types of stent-grafts (1 Cook, 1 Medtronic, 4 Gore). We have now included the conduction of 

comparative statistical analysis among different types of stent-grafts in our methods section.  

 

 

R: 5) The standard of aortic repair which stands as the comparison is open dacron replacement. Will 

the authors consider this as part of the analysis? The potential impact of negative data with respect to 

TEVAR remodeling can have great impact on industry and treatment. I believe the authors have a 

duty to show that given their supposition that TEVAR does have a negative impact on cardiac 

function, that indeed this is NOT the case with standard open repair.  

 

A: We agree with the reviewer that it is also of great clinical importance that cardiac remodelling 

following open Dacron graft replacement is quantified. In fact, several pre-clinical and clinical studies 

have investigated this.[10–16] Kelly et al. and Morita et al. have reported through animal studies that 

Dacron grafts resulted in increased ventricular afterload.[11,13] Kim et al. assessed the effects of 

Dacron graft replacement in humans and found that effective aortic compliance decreased by about 

30%.[14] Moreover, several clinical reports have reported left ventricle hypertrophy following 

ascending and/or abdominal aorta bypass for thoraco-abdominal aneurysm using woven Dacron 

grafts.[15,16] Further studies documented similar consequences after proximal or long bypass 

procedures with non-compliant grafts, identifying increased characteristic impedance, decreased 

Windkessel effect of the proximal aorta, and increased systolic wall stress as the main potential 

responsibles.[12,13,16,17]  

In short, there is mounting data regarding cardiac remodelling following Dacron graft replacement. 

However, such data is lacking for stent-grafts, which is most likely due to the recent introduction of 

these devices. We aim to close this gap in the literature through a systematic in-vivo investigation to 

help guide industry and physicians, optimizing the design of these devices and ultimately aortic 

treatment.  

Lastly, from a philosophical perspective, the goal of this study is not to make a comparison between 

TEVAR and open repair, since these two techniques have different indications and advantages.  
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R: 6) I’m not sure I understand what “optimal medical treatment” is in light of a PAU or aneurysm 

deemed to have indications for surgical intervention? Are you comparing similar groups or are you 

comparing one group with small aneurysm and asymptomatic PAUs?  

 

A: Optimal medical treatment refers to pharmacological treatment of patients with thoracic aortic 

aneurysm or PAU not undergoing surgical/endovascular intervention. This will be the control group. 

Choice of either surgical/endovascular intervention or solely optimal medical treatment will be left at 

the discretion of the cardiac surgeon in charge and may depend on (stable) aneurysm/PAU size, 

symptoms, etc.  

 

The two groups of the study (asymptomatic small aneurysms and PAUs versus aneurysms and PAUs 

that require interventions) will indeed be different. The intervention group will likely consist of larger, 

stiffer aneurysms than the asymptomatic group. However, we will be able to assess these differences 

with the proposed MRI strain sequences, pulse wave velocity, and pressure data.  

 

 

R: 7) ECG gated computed tomography provides exquisite spatial resolution when compared to CMR, 

when performing your CT what are the goals of the study and is an ECG gated study part of the plan?  

 

A: We agree with the reviewer that computed tomography provides exquisite spatial resolution when 

compared to MRI. However, computed tomography will not be a main imaging test of this study as we 

will use MRI to assess several quantities that are not possible with computed tomography, such as 

myocardial and aortic strain, aortic flow, pulse wave velocity, and coronary perfusion. Nonetheless, 

computed tomography is standard of care for all patients undergoing TEVAR. Therefore, we will 

collect these data to assess potential stent-graft related complications including endoleakage, 

migration, and aneurysmal dilation, and to provide high resolution images for the computational 

models.  
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VERSION 2 – REVIEW 

REVIEWER Dr Manar Khashram 
Department of Surgery- Vascular Surgery  
University of Otago, Christchurch  
New Zealand 

REVIEW RETURNED 12-Jul-2016 

 

GENERAL COMMENTS Thank you for the opportunity to review the revised version of this 
manuscript.  
The authors have responded and addressed all the comments in a 
satisfactory manner.  
However, the limitations section needs minor editing to improve 
readability. Please address page 35 line 9 to 20 starting with 
"Moreover...  
The sentences are difficult to understand and I would suggest 
rewording.  
The term "switch" is not very clear- what do the authors mean - 
conversion or crossover of the medical group to repair group? 
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