Responses to Reviewers

Reviewer #2: The authors should address the following issues:

1.  The authors used two gold plated wire loops put around the bifurcation as a reference point.  However, it is not described how this served to match histological and radiographical data. The authors should clarify this methodological step and add a Figure describing the matching process of histology, 3D DSA and CFD analysis.

Response: The gold wired loop was the first attempt to place a reference in the angiography. Although the wire was visible during angiography, preserving its position during sectioning proved problematic and thus this marker was abandoned in favor of radiopaque crystals. We thank the reviewer for bringing this unclarified point to our attention. In the revision we correct our description of the radiopaque marking method (page 4), and clarify how the marker locations were seen in histology: Prior to histology cutting, the crystals were removed. The indentations left by them in the tissue served as reference points in the vessel wall for mapping flow fields with histology. We have added a new figure (Figure 2) to describe the mapping process. 

2.  The authors assume Newtonian fluid and incompressible laminar flow. Blood is known to be a non-Newtonian fluid and flow in larger arteries is usually not laminar, especially at branching points. For practical reasons and to make calculations easier many studies assume Newtonian fluid and laminar flow. The authors should discuss this issue and critically relate it to their findings.

Response: We have addressed this concern in the new version (Page 9).   

3.  The authors show an example of a constructed artificial bifurcation in Figure 1D. The angle between L2 and R2 is smaller than 90º. In the flow analysis exemplified in Figure 2B the angle between L2 and R2 is almost 180º. The inflow angles through R1 are different accordingly. The authors should explain how this impacts on their CFD analysis.

Response: The reviewer is correct. The angle of the created bifurcation at the time of in vivo imaging (which was just before sacrifice) was different from Fig.1D, which was photographed at the time of creation. After removal of surgical clips, closure of the surgical site and recovery of the animal, the vessels assumed a somewhat different position, changing the bifurcations geometry and orientation. Accordingly, the bifurcation geometry in vivo was determined from angiography performed at the time of sacrifice. This is the geometry used for our CFD analysis and comparison with histology. We have clarified the point further in the revision (Page 4).
4.  The authors should comment on the possibility to apply this technique in smaller animals such as rabbits which would facilitate studies with larger group numbers and multiple conditions.

Response: We have addressed this concern in the new version (Page 11).
5.  Are images Figure 3 B and C higher magnifications of the boxed area in Figure 3A?

Response: Yes. We have clarified this in the figure legend in the revised version (Page 16). Please note that these figures are now Figure 4 in the new version. 
Reviewer #7: My comments are below.

Major:

1.  What do the authors mean by vascular remodeling. Be precise please. It used to refer to a very specific nonstructural change in hypertension - eg. defined by M. Mulvany - medline will return the articles. Now I am not sure what they mean. It seems to refer to anything changing in an artery.

Response: We used the generic term “vascular remodeling” consistent with the large body of existing literature. For example, “vascular remodeling is an active process of structural alteration that involves changes in at least four cellular processes – cell growth, cell death, cell migration and production or degradation of extracellular matrix … Remodeling is usually an adaptive process that occurs in response to long term changes in hemodynamic conditions, but it may subsequently contribute to the pathophysiology of vascular diseases and circulatory disorder…” [Gibbons, G.H. and V. J Dzau, The emerging concept of vascular remodeling. N Engl J Med, 1994. 330(20): 1431-8]. We now clarify this term by giving more precise descriptions in each context that this term was used. For example, on page 2, the 2nd paragraph, we write “morphological changes in the vascular wall”. On page 3, the 1st paragraph, we write “remodeling of the vascular wall at the cellular level”.
2.  What is different about the arterial bifurcation created here compared to one of the many bifurcations that normally occur in the dog arteries (e.g. intracranially especially - the diamond shaped structure where the verts and anterior spinal join and give off the basilar, basilar apex, etc.). Why hemodynamic changes at the created one and not natural ones? The authors mention this in the discussion - about an intimal pad occurring at a natural bifurcation the same animal but we need to know what bifurcation, where. intracraniall, the dog basilar bifurcation has similar geometry.

Response: The main difference is that with the created bifurcation, we can observe the adaptation process (or vascular remodeling) from time zero, whereas existing bifurcations have already adapted to this particular type of hemodynamics. Thus, it is impossible to determine what properties of the vessel wall are due to hemodynamics and what may be intrinisically encoded or spatially cued during development. Hence, the major benefit of using a created bifurcation is to establish a cause-and-effect relationship between the unique hemodynamics such as the impingement flow associated with a bifurcation and the cellular responses of the vascular wall. Here the naïve vessel wall of right common carotid artery had never been exposed to the type of impingement flow before. Hence new morphology that developed after the establishment of the created bifurcation can be attributed to the new hemodynamic insult.  

             We did not use intracranial arteries since they were more difficult access. The natural bifurcation having an intimal pad that we observed in the same animal is the ICA/ECA (internal/external carotid arteries) bifurcation (Page 10).

3.  This is all still modeling with assumptions that may not be correct so I am still skeptical about what can be learned. Blood is not a Newtonian fluid and arteries are not rigid tubes. Does the model account for pulsatile flow? Because of this I have never been of the opinion that this kind of modeling will be of any use in the long run.

Response: We have addressed the question of these assumptions in the new version (Page 9). The model does account for pulsatile flow as explained in the method (page 4).
4.  The interesting thing here is the histology - they should show the intimal pad staining. The histology should be more quantitative. Measure the changes, cell numbers, area of extracellular matrix and quantify. I would prefer to see pictures of the intimal pad and details from all 3 regions.

Response: We have added more details of histology including the intimal pad staining in Figure 4. This is the first time that an aneurysm-like vascular remodeling is created in an in vivo model system where such changes can be correlated to the specific hemodynamics of an arterial bifurcation. We believe that the distinctive localized histology clearly demonstrates this relationship. This model system sets the stage for more detailed analysis of underlying mechanisms such as the role of proliferation and matrix biochemistry. We intend to pursue a more extensive, quantitative analysis in a future manuscript. 
5.  There is no control group - cut the artery and then reanastamose without making a bifurcation and see what changes occur. As in 2. above, what about the computational fluid dynamics and histology at a natural bifurcation in the dog.

Response: The control in this case is the vessel wall that has not been exposed to impinging flow, e.g. R2 in Fig. 1C. We now indicate on page 8 the absence of remodeling in such control regions. 
Minor:

1.  What were blood pressures before and after salt diet? Did it actually increase blood pressure? If so, was 150 mm Hg perfusion appropriate or was this pressure too high?

Response: The high salt diet did not appear to have significantly elevated the blood pressure for the dogs in this study. The average mean blood pressure at the time of sacrifice was 129 mmHg. We chose 150 mmHg during pressure fixation to prevent the vessel from spasm and to compensate for shrinkage due to fixation.
2.  Please specify how many dogs were done and at what times.

Response: In the previous and current version, we specified that two dogs were used in this study. One of them was sacrificed at 2 weeks post surgery and the other was sacrificed at 2 months post surgery. (Page 4, Line 3-4)
3.  Why do this? Actually, you could do it in humans. Patients occasionally die after something where they had an angiogram done. The arteries could be perfused after death and then one would have the same data on humans.

Response: The proposed post mortem analysis would not capture the cause-and-effect relationship between the hemodynamics and vascular responses. Furthermore, there are numerous practical issues with the use of humans: accurate in vivo flow data (inlet boundary condition) and 3D lumen needed for CFD are not routinely taken for patients; it is impractical and unethical to place radiopaque markers for precise mapping of flow and histology planning that the patient will die and tissue will be harvested for the study; it is difficult to obtain good tissue fixation with preservation of both geometry and orientation; and finally it is impossible to perform experimental manipulations on humans. 

