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SUMMARY:  26 
The present protocol aims to experimentally create venous intimal hyperplasia by subjecting 27 
veins to arterial blood pressure for developing strategies to attenuate venous intimal hyperplasia 28 
following revascularization surgery using vein grafts.  29 
 30 
ABSTRACT:  31 
Although vein grafts have been commonly used as autologous grafts in revascularization 32 
surgeries for ischemic diseases, the long-term patency remains poor because of the acceleration 33 
of intimal hyperplasia due to the exposure to arterial blood pressure. The present protocol is 34 
designed for the establishment of experimental venous intimal hyperplasia by interposing rabbit 35 
jugular veins to the ipsilateral carotid arteries. The protocol does not require surgical procedures 36 
deep in the body trunk and the extent of the incision is limited, which is less invasive for the 37 
animals, allowing long-term observation after implantation. This simple procedure enables 38 
researchers to investigate strategies to attenuate the progression of intimal hyperplasia of the 39 
implanted vein grafts. Using this protocol, we reported the effects transduction of microRNA-145 40 
(miR-145), which is known to control the phenotype of vascular smooth muscle cells (VSMCs) 41 
from the proliferative to the contractile state, into harvested vein grafts. We confirmed the 42 
attenuation of intimal hyperplasia of vein grafts by transducing miR-145 before implantation 43 
surgery through the phenotype change of the VSMCs. Here we report a less invasive 44 
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experimental platform to investigate the strategies that can be used to attenuate intimal 45 
hyperplasia of vein grafts in revascularization surgeries.  46 
 47 
INTRODUCTION:  48 
The number of patients experiencing ischemic diseases due to atherosclerosis is increasing 49 
worldwide1. Despite the current advances in medical and surgical therapies for cardiovascular 50 
diseases, ischemic heart diseases, such as myocardial infarction, remain a major cause of 51 
morbidity and mortality2. Furthermore, peripheral arterial diseases characterized by reduced 52 
blood flow to the limbs induces critical limb ischemia, wherein approximately 40% of the patients 53 
lose their legs within 6 months of diagnosis, and the mortality rate is up to 20%3.  54 
 55 
Revascularization surgeries, such as coronary artery bypass grafting (CABG) and bypass surgery 56 
for peripheral arteries, are major therapeutic options for ischemic diseases. The purpose of these 57 
surgeries is to provide a new blood pathway to provide sufficient blood flow toward the distal 58 
site of the stenotic or occluded lesions of the atherosclerotic arteries. Although in situ arterial 59 
grafts, such as internal thoracic arteries for CABG, are preferred as the bypass grafts because of 60 
the expected longer patency, vein grafts, such as autologous saphenous veins, are commonly 61 
used because of the higher accessibility and availability4. The weak point of the vein grafts is the 62 
poor patency rate compared to that of artery grafts5 due to accelerated intimal hyperplasia when 63 
subjected to arterial pressure, which leads to vein graft disease6. 64 
 65 
Vein graft disease develops through the following three steps: 1) thrombosis; 2) intimal 66 
hyperplasia; and 3) atherosclerosis7. In order to address vein graft disease, a lot of basic research 67 
has been conducted8. Thus far, no pharmacological strategy other than antiplatelet and lipid-68 
lowering therapies are recommended for secondary prevention after coronary or peripheral 69 
revascularization surgeries in recent guidelines9-12. Thus, to overcome vein graft disease, 70 
especially intimal hyperplasia, the establishment of a relevant experimental platform for further 71 
studies is required. 72 
 73 

Intimal hyperplasia is an adaptive phenomenon that occurs in response to the change in 74 
the surroundings, where vascular smooth muscle cells (VSMCs) proliferate, accumulate, and 75 
generate extracellular matrix in the intima. Consequently, it presents a foundation for graft 76 
atheroma7. In the hyperplastic intima, VSMCs bear proliferation, and production rather than 77 
contraction, termed “phenotypic change”8. It is a key research target to control the phenotype 78 
of the VSMCs of the vein grafts to prevent vein graft disease, and numerous basic studies have 79 
been conducted on this topic8. However, a randomized controlled clinical study that aimed to 80 
achieve pharmacological control of the VSMC phenotype showed limited results13. Further, there 81 
are no standardized therapies to prevent intimal hyperplasia. More basic research, including 82 
animal model studies, is necessary.  83 
 84 
To promote research in this field, it is crucial to establish an animal model that recapitulates vein 85 
grafts under arterial blood pressure, allowing a long-term, postoperative observation. Carrel et 86 
al. established a canine model of implantation of the external jugular vein into the carotid 87 
artery14. Therafter, a variety of vein grafts have been employed to investigate the physiological 88 



   

 
 

and pathological effects of alterations in arterial blood pressure, including the inferior vena cava 89 
engrafted into the thoracic or the abdominal aorta, or the saphenous vein engrafted into the 90 
femoral artery15-17. These models were built in larger animals, such as pigs or dogs, that are 91 
suitable for mimicking a vein graft disease in a clinical case. However, the establishment of an 92 
animal model that can be prepared without special surgical techniques and at a lower cost would 93 
be ideal for researchers trying to develop a new therapeutic strategy for attenuating intimal 94 
hyperplasia through VSMC phenotype control in vivo. Initially, the interposition of the jugular 95 
vein into the carotid artery in a rabbit was introduced in the field of neurosurgery18,19. Thereafter, 96 
it was applied to research on intimal hyperplasia20,21. The initial model consists of venous 97 
interposition alone, thus saving time. Moreover, a subsequent study demonstrated that the 98 
preparation of a vein graft also affected the intimal hyperplasia22. Davies et al. evaluated the 99 
effect of balloon catheter injury on the intimal hyperplasia in a rabbit venous interposition 100 
model23,24. Although balloon catheter injury in addition to vein interposition was more relevant 101 
to a clinical setting, a more reproducible model was also desired. Thus, Jiang et al. examined the 102 
impact of differential flow environments on intimal hyperplasia and established a distal branch 103 
ligation procedure as a reproducible model25. However, they employed a cuff technique at the 104 
time of vein graft interposition that seems different from hand-sewn anastomosis in the clinical 105 
setting. In the present protocol, we report a reproducible, clinically relevant, and broadly 106 
available procedure for the preparation of a rabbit venous interposition model to assess intimal 107 
hyperplasia under arterial blood pressure .  108 
 109 
PROTOCOL:  110 
 111 
NOTE: All the surgical procedures performed on animals should be carried out in accordance with 112 
the Guide for the Care and Use of Laboratory Animals (www.nap.edu/catalog/5140.html) or 113 
other appropriate ethical guidelines. Protocols should be approved by the animal welfare 114 
committee at the appropriate institution before proceeding.  115 
 116 
1. Preparation of animals 117 
 118 
1.1. Purchase male Japanese white rabbits (or rabbits with equivalent body size) weighing 2.7–119 
3.0 kg.  120 
 121 
1.2. Acclimate the rabbits for 1 week in a 12 hour light–dark cycle and feed a regular rabbit chow 122 
diet before the procedure. 123 
 124 
2. Anesthesia and animal setting 125 
 126 
NOTE: All the subsequent procedures must be performed under aseptic conditions. The surgical 127 
field and devices should be disinfected with 10% povidone-iodine solution, 70% alcohol, or a 128 
quaternary ammonium compound before use.  129 
 130 
2.1. Anesthetize a rabbit with intravenous administration of pentobarbital sodium (25 mg/kg) via 131 
the auricular vein.  132 



   

 
 

 133 
2.2. After ensuring that the rabbit has lost its strength, transfer it to an operating table, and set 134 
it in the supine position. Cover the nose and mouth with an anesthetic mask. Start the 135 
administration of general anesthesia with the inhalation of 0.7–1.0% isoflurane-oxygen mix.  136 
 137 
NOTE: If the rabbit starts to move, a temporal surge in isoflurane up to 2% will be effective. 138 
 139 
2.3. Trim the fur on the neck and shoulder using an electric hair clipper. After disinfecting the 140 
surface by spraying 70% ethanol or another antiseptic solution, shave the rest of the hair in the 141 
cervical region with a razor. Disinfect the surgical field with 10% povidone-iodine and administer 142 
lidocaine hydrochloride (50 mg/kg) subcutaneously as local anesthesia.  143 
 144 
NOTE: Examine the repetitive movement of the trachea. Observe the pulsation of the jugular vein 145 
and the carotid artery. When the respiratory and pulsatile rates decrease, consider a temporary 146 
reduction in anesthesia administration. Monitoring the percutaneous oxygen saturation and 147 
pulse rate is also helpful. 148 
 149 
NOTE: The protocol can be paused here.  150 
 151 
3. Harvest of the jugular vein 152 
 153 
NOTE: Local anesthetics (such as lidocaine) should be used before making the skin incision. 154 
 155 
3.1. Before skin incision, administer prophylactic cefazolin sodium (100 mg/kg) intravenously. 156 
Follow local animal care guidelines regarding analgesia dosage and frequency (e.g., 157 
buprenorphine 0.05–0.2 mg/kg s.c.). 158 
 159 
NOTE: To avoid a drop in body temperature, a surgical scrub of the incision site can be used 160 
instead of spraying the animal's body with 70% ethanol. 161 
 162 
3.2. Incise 50–60 mm of the cervical region with surgical scissors longitudinally. Bluntly dissect 163 
the subcutaneous tissues and fascia to expose a 20–30 mm segment of the jugular vein. Ligate 164 
all the branches of the exposed vein with 4-0 silk sutures.  165 
 166 
3.3. Place a 2-0 silk suture around the internal and external jugular veins to perform ligation 167 
immediately after incising the jugular vein in the next step. 168 
 169 
3.4. Incise the venous wall (approximately 1 mm) of the distal side of the vein. Insert a 2-French 170 
balloon catheter from the cut toward the proximal side of the vein. Ligate the 2-0 silk suture at 171 
the distal sites of the jugular veins.  172 
 173 
3.5. Inflate the balloon with 0.2 mL of air. Denude the intima of the vein using three passages of 174 
the catheter for endothelial exfoliation.  175 
 176 



   

 
 

NOTE: This procedure is considered equivalent to the distension of a saphenous vein graft in 177 
human revascularization surgeries, which causes endothelial exfoliation.  178 
 179 
3.6. Ligate the proximal end of the vein. Cut the vein to harvest.  180 
 181 
NOTE: Carefully distinguish the distal and proximal end of the harvested vein, because the 182 
anastomosis to the artery should be performed in an inverted manner (i.e., the distal end of the 183 
vein should be anastomosed to the proximal end of the artery). For example, insertion of an 184 
intravenous catheter from a certain side would work as a marker.  185 
 186 
3.7. For therapeutic manipulations for the harvested jugular vein, treat the harvested vein with 187 
methods designed for each research question (e.g., electroporation26 or direct immersion with 188 
solutions27 for transducing microRNAs into the veins).  189 
 190 
NOTE: For this protocol, the vein grafts were soaked in phosphate-buffered saline, control 191 
microRNA, and microRNA-145. The protocol can be paused here.  192 
 193 
4. Interposing the carotid artery by the harvested jugular vein 194 
 195 
4.1. Expose a 20–30 mm segment of the ipsilateral carotid artery. Separate the artery carefully 196 
from the vein and nerve nearby. Ligate all the branches of the exposed vein with 4-0 silk suture.  197 
 198 
4.2. Administer heparin sodium intravenously (200 IU/kg). Wait for 3–4 min. 199 
 200 
4.3. Clamp the proximal and distal ends of the artery with surgical rubber clamps. Cut the artery 201 
in the middle, between the clamps. Inject normal saline into the incised carotid artery proximally 202 
and distally to distend the artery.  203 
 204 
NOTE: A rabbit carotid artery tends to shrink. Choose a well-distended site as an anastomosis site.  205 
 206 
4.4. Anastomose the harvested vein to the artery in a reversed end-to-end fashion.  207 
 208 
4.4.1. Insert a 20 G intravenous catheter into the harvested vein from the distal to the proximal 209 
direction to keep the venous lumen open during the distal anastomosis.  210 
 211 
4.4.2. Anastomose the proximal end of the vein to the distal end of the artery using 8-0 212 
polypropylene interrupted sutures. Place two anchor stiches at the site and the opposite site. 213 
Add stiches the upper side of the anastomosis line between the anchor stiches.  214 
 215 
4.4.3. Flip the artery and the vein graft upside down. Add stiches on the remaining part of the 216 
anastomosis line. 217 
 218 
4.4.4. Remove the intravenous catheter from the vein. Clamp the vein graft proximally and 219 
declamp the carotid artery distally. Ascertain that the vein graft is expanding gradually. 220 



   

 
 

 221 
4.4.5. Anastomose the distal end of the vein to the proximal end of artery using 8-0 polypropylene 222 
interrupted sutures. Declamp the artery to check the bleeding from the anastomosis sites. Add 223 
sutures for hemostasis, if required.  224 
 225 
NOTE: A gentle compression of the bleeding site with gauze and waiting may be enough for 226 
hemostasis. Check the immediate expansion and strong pulsation of the vein graft after the 227 
proximal declamping. If that is not observed, consider repeating steps 4.4.2–4.4.3 228 
 229 
4.5. Ligate the internal carotid artery with a 4-0 silk suture to simulate a poor runoff condition 230 
and to facilitate intimal hyperplasia.  231 
 232 
4.6. Clean the wound with saline. Close the wound using 3-0 polyglactin 910, layer by layer.  233 
 234 
5. Postoperative procedures 235 
 236 
5.1. End the anesthesia and remove the anesthesia mask after checking the spontaneous 237 
breathing of the animal. Check the conditions of the animal frequently until it recovers from 238 
anesthesia.  239 
 240 
5.2. Keep the animal separated from other animals until respiratory function is fully restored. Do 241 
not return the animal to a larger group until full recovery.  242 
 243 
5 .3. Check the food and water intake after recovery from anesthesia and provide appropriate 244 
nutritional support. Administer analgesics (e.g., buprenorphine 0.05–0.2 mg/kg subcutaneously 245 
2x a day for 3 days) and check for signs of discomfort or pain.  246 
 247 
REPRESENTATIVE RESULTS:  248 
Figure 1A shows a representative image of successful intimal hyperplasia at 2 weeks after venous 249 
interposition surgery (upper panel). The lower panel shows the therapeutic effects of microRNA-250 
145-loaded poly(lactic-co-glycolic acid) nanoparticles that attenuated the intimal hyperplasia 251 
(lower panel). Figure 1B shows the comparison of intimal hyperplasia between the control group 252 
using phosphate buffered saline control (PBS), control microRNA (Cont-miR), and microRNA-145 253 
(miR-145) groups. MicroRNAs were loaded with poly(lactic-co-glycolic acid) nanoparticles. 254 
Treatment with microRNA-145 significantly attenuated intimal hyperplasia. Figure 2 shows 255 
immunostaining for Ki-67, a cell proliferative marker. Fewer Ki-67-positive cells are observed in 256 
the miR-145 group, indicating a phenotype change in the VSMCs from the immature proliferative 257 
state to the mature contractile state.  258 
 259 
FIGURE AND TABLE LEGENDS:  260 
Figure 1: Successful intimal hyperplasia of the veins. (A) Representative Elastica Van Gieson 261 
staining for samples treated with PBS (upper panel) and with microRNA-145-loaded poly(lactic-262 
co-glycolic acid) nanoparticles (lower panel). Scale bars = 500 µm. (B) Intimal area in the control 263 
PBS group, control microRNA group (Cont-miR), and microRNA-145 (miR-145) groups. MicroRNAs 264 



   

 
 

are loaded with poly(lactic-co-glycolic acid) nanoparticles. Statistical analyses were performed 265 
using one-way analysis of variance. 266 
  267 
Figure 2: Cell proliferation. Ki-67 staining (brown). Scale bars = 100 µm.  268 
 269 
Figure 3: Procedural schema. DNA = deoxyribonucleic acid; PLGA = poly(lactic-co-glycolic acid); 270 
RNA = ribonucleic acid. 271 
 272 
DISCUSSION:  273 
The present protocol is designed to provide an experimental platform to test various molecular 274 
or genetic interventions for VSMCs to control the phenotype from the proliferative to the 275 
contractile state and subsequently attenuate the progression of venous intimal hyperplasia in 276 
vivo. Using this model, we successfully prepared intimal hyperplasia at 2 weeks after surgery 277 
(Figure 1A) and indicated the therapeutic potential of microRNA-145 to control the VSMC 278 
phenotype26,27, validating the present protocol as a model to further investigate the attenuation 279 
of intimal venous hyperplasia.  280 
 281 
Our rabbit intimal hyperplasia model consists of the following three major steps: 1) catheter 282 
injury; 2) jugular vein interposition; and 3) distal branch ligation (Figure 3). Vein grafts injured 283 
with a balloon catheter passage were shown to be deendothelialized, and the intima was proved 284 
to be hyperplastic23,28. In this protocol, we consider the catheter-injured vein grafts as saphenous 285 
vein grafts that are often manually pressurized and dilated in clinical settings for procedures such 286 
as coronary or peripheral artery bypass graftings. Moreover, distal branch ligation promoted 287 
intimal hyperplasia due to the reduced flow rate25. In the reported low-flow model, where the 288 
internal carotid artery and all the external carotid arteries except the most inferior branch were 289 
ligated, the neointima was more enhanced compared to that in the high-flow model with no 290 
distal branch ligation. In contrast, the distal branch ligation in this protocol did not include 291 
external carotid artery ligation to simplify and minimize the procedures, and the additional 292 
external carotid artery ligation in the present protocol may result in greater neointimal 293 
progression. 294 
 295 
Existing rabbit intimal hyperplasia models have been developed to pursue either reproducibility 296 
or clinical validity. The initial model comprised only jugular vein interposition21. Afterwards a few 297 
modifications were made, including catheter injury or distal branch ligation, to augment the 298 
extent of the intimal hyperplasia23,25. In contrast, we aimed to establish a reproducible model 299 
resembling a clinical case, where patients with diabetes mellitus or peripheral artery disease 300 
often present poor distal perfusion on the coronary or lower extremity circulation. Moreover, 301 
saphenous vein grafts are often manually distended through hydrostatic pressure that causes 302 
endothelial exfoliation29. Considering these multiple factors inducing intimal hyperplasia, we 303 
adopted the mixed venous interposition model combined with the two additional procedures, 304 
mimicking a revascularization surgery. 305 
 306 
This procedure requires surgical dissections on relatively superficial layers of the body, and the 307 
surgical incision is limited to the cervical region, making it less invasive for animals, resulting in a 308 



   

 
 

higher survival rate, and facilitating long-term observation. The surgical anastomoses are 309 
performed at the surface level of the body. This enables different researchers, not only surgeons, 310 
to conduct the procedure. The only critical step would be the anastomosis procedure mentioned 311 
in step 4.4. Inaccurate stiches may result in a stenosis or occlusion at the anastomosis site. When 312 
8-0 polypropylene sutures are created, use of surgical telescopes with a magnification of at least 313 
2.5x are recommended. As described in another report that addressed the rabbit intimal 314 
hyperplasia model26, 10-0 sutures with the aid of 10x power microscopes would also be helpful. 315 
After perfecting our model, our patency rate of the implanted vein graft at 2 weeks 316 
postoperatively was 90.9%. Another advantage of our model is the relatively lower procedure 317 
cost compared to that of large animal experiments. This enables investigators to increase the 318 
experimental volume to perform a larger number of interventions.  319 
 320 
This venous interposition model is more clinically relevant, easy to handle, and low-cost. It can 321 
be applied to larger animal models and used for clinical studies. Although porcine and canine 322 
CABG models have been developed30-32, they are technically demanding. A porcine jugular vein 323 
interpose model that consists of jugular vein interposition alone has been established33. Thus, it 324 
is possible that the two procedures of catheter injury and distal branch ligation would be 325 
additionally performed as being more valid. 326 
 327 
Another possibility is applying our model to a mouse venous interposition model. A reported 328 
mouse venous interposition model adopted a technically demanding cuff technique to 329 
circumvent direct anastomosis34. In the field of vein graft disease, mouse experimental models 330 
as well as larger animal models have been commonly used35. These include intimal hyperplasia 331 
models and vein graft atheroma models36. Techniques involved in the preparation for intimal 332 
hyperplasia models in mice include carotid artery ligation37, wire injury38, vein interposition, and 333 
collar injury39. In the vein graft atheroma models, genetically modified mice are typically used in 334 
mouse experimental models, in contrast to larger animal models. A mixed venous interposition 335 
model with the carotid artery ligation in genetically modified mice would be more clinically 336 
relevant. 337 
 338 
A limitation of the present procedure is that the flow pattern at the site of the interposed vein is 339 
not the same as those of the vein grafts in human surgeries. In particular, the blood flow of the 340 
vein grafts on CABG is provided in the diastolic phase, wherein the flow pattern is different from 341 
that in the systolic phase. Another limitation is that the establishment of animal models 342 
recapitulating the etiology of the ischemia mediated by atherosclerosis in humans is challenging. 343 
The use of genetically modified animals with impaired lipid metabolism or on a high-fat diet may 344 
help overcome this limitation in the future.  345 
 346 
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Name of Material/ Equipment Company Catalog Number Comments/Description

10% Povidone-iodine solution Nakakita 872612 Surgical expendables

2-0 VICRYL Plus Johnson and Johnson VCP316H Surgical expendables

4-0 Silk suture Alfresa pharma GA04SB Surgical expendables

8-0 polypropylene suture Ethicon 2775G Surgical expendables

Cefazorin sodium Nichi-Iko Pharmaceutical 6132401D3196 Antibiotics

Fogarty Catheter (2Fr) Edwards Lifesciences LLC E-060-2F Surgical expendables

Heparin Nipro 873334 Anticoagulant

Intravenous catheter (20G) Terumo SR-OT2051C Surgical expendables

Isoflurane Fujifilm 095-06573 Anesthesia

Lidocaine hydrochloride MP Biomedicals 193917 Anesthesia

Pentobarbital sodium Tokyo Chemical Industry P0776 Anesthesia
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First of all, we deeply appreciate important comments from reviewers which greatly improved the 

quality of our manuscript. Taking all of your comments into consideration, we revised our 

manuscript.  

 

 

For Editor: 

 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there 

are no spelling or grammar issues. 

 

Thank you for the comment. The whole manuscript was carefully reviewed by a English language 

editor and errors are changed (red letters).  

 

2. Unfortunately, there are a few sections of the manuscript that show significant overlap 

with previously published work. Though there may be a limited number of ways to 

describe a technique, please use original language throughout the manuscript. Please 

revise lines: 64-68 

 

We revised the description of old line 64-68 to new line 72-76.  

 

3. Please obtain explicit copyright permission to reuse any figures from a previous 

publication. Explicit permission can be expressed in the form of a letter from the editor or 

a link to the editorial policy that allows re-prints. Please upload this information as a .doc 

or .docx file to your Editorial Manager account. The Figure must be cited appropriately in 

the Figure Legend, i.e. “This figure has been modified from [citation].” 

 

Thank you for the concern. All figures are originally prepared for the present manuscript.  

 

4. Please provide at least 6 keywords or phrases. 

 

We added one keyword to be finally 6 keywords.  

 

5. Please do not highlight any steps describing euthanasia or anesthesia. 

 

We removed steps of anesthesia from the highlight.  
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6. Please mention how proper anesthetization is confirmed. 

 

Thank you for the comment. We added descriptions about the confirmation of anesthesia in Protocol 

2. (line 144-147).  

 

7. JoVE cannot publish manuscripts containing commercial language. This includes 

company names of an instrument or reagent. Please remove all commercial language from 

your manuscript and use generic terms instead. All commercial products should be 

sufficiently referenced in the Table of Materials and Reagents. 

 

We replaced “Fogarty balloon catheter (Edwards Lifesciences LLC, Irvine, CA, USA or equivalent 

items)” to “balloon catheter” (line 168), and “Vicryl or equivalents” to “polyglactin 910” (line 232). 

We revised “JoVE Materials” file.  

 

8. Please revise the Discussion to explicitly cover the following in detail in 3-6 paragraphs 

with citations: 

a) Critical steps within the protocol 

b) Any modifications and troubleshooting of the technique 

c) Any limitations of the technique 

d) The significance with respect to existing methods 

e) Any future applications of the technique 

 

Following the advice, we largely added descriptions in Discussion section.  

 

For Reviewer #1: 

 

1. Please add more references to support the clinical significance of the present protocol in 

Introduction section. 

 

Thank you for the important comment. We added references (new #9-25, #28-39).  

 

For Reviewer #2: 

 

1. The introduction requires extensive revision. This is a technical report, and therefore, its 

introduction should be focused more on the model instead of on the clinical significance. It 

should present the stage of the art of model for venous interpose surgery. It must include a 



thorough revision of all existing models highlighting advantages and disadvantages. As is 

it, the advances in the herein described model appear unclear. 

 

We appreciate the comment. Taking the advice, we revised descriptions in Introduction section (red 

letters).  

 

2. A schematic of the procedure should be presented for a better understanding. 

 

Thank you for the comment. We added new Figure 3 to schematically describe the procedure.  

 

3. What was the sex of animals included in the protocol? 

 

Male rabbits are used (line 117).  

 

4. Was hair removed? How? 

 

We added descriptions about the hair shaving (Protocol 2.3.; line 139-142).  

 

5. How was anesthesia-induced? How was anesthesia controlled? 

 

We revised descriptions about the anesthesia induction and control (Protocol 2.; line 123-147).  

 

6. There are significant ethical concerns with this protocol. Post-surgical care is not well 

described. Where post-surgical analgesic administrated seems very little for a rabbit? If 

the dose was 0.005 mg/Kg, it is likely that these animals under poor pain management 

after surgery. 

 

Thank you for the important comment. We added descriptions about post-surgical analgesia (line 

244-245).  

 

7. Was breathing controlled during surgery? 

 

The spontaneous breathing was maintained through inhalation of 0.7%–1.0% isoflurane-mixed 

oxygen (line 133-134).  

 

8. What was the failure rate ? The efficacy is not demonstrated.  



 

Thank you for the comment. The successful rate of the procedure itself was 100 %, and the 

percentage of graft patency after surgery was 90.9 %. We added description about this point (line 

312).  

 

For Reviewer #3: 

 

The only comments I have relate to the limited focus in the introduction on the rabbit model 

only. There is a substantial amount of literature using a mouse venous interpose model to study 

vein grafting related pathology (reviewed recently by De Vries et al Nature Reviews in 

Cardiology 2016 ). To my opinion this manuscript could be strengthened if these mouse model 

related data were discussed. 

 

Thank you for the important comment. We added descriptions about mouse models (line 321-330).  

 

 

We believe that we were able to fully address the reviewers' comments. We hope that our manuscript 

is now fully acceptable for publication. We truly appreciate your kind editing efforts on our 

manuscript. 

 

Sincerely, 

 

Hidetoshi Masumoto, MD, PhD 

 


