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SUMMARY: 37 
An aortocaval fistula was created by puncturing the murine infra-renal aorta through both walls 38 
into the inferior vena cava and was followed by creation of a stenosis in its outflow via partial 39 
ligation of the inferior vena cava. This reproducible model can be used to study central venous 40 
stenosis. 41 
 42 
ABSTRACT:  43 
Central venous stenosis is an important entity contributing to arteriovenous fistula (AVF) failure. 44 
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A murine AVF model was modified to create a partial ligation of the inferior vena cava (IVC) in 45 
the outflow of the fistula, mimicking central venous stenosis. Technical aspects of this model are 46 
introduced. The aorta and IVC are exposed, following an abdominal incision. The infra-renal aorta 47 
and IVC are dissected for proximal clamping, and the distal aorta is exposed for puncture. The 48 
IVC at the midpoint between the left renal vein and the aortic bifurcation is carefully dissected 49 
to place an 8-0 suture beneath the IVC. After clamping the aorta and IVC, an AVF is created by 50 
puncturing the infra-renal aorta through both walls into the IVC with a 25 G needle, followed by 51 
ligating a 22 G intra-venous (IV) catheter and IVC together. The catheter is then removed, creating 52 
a reproducible venous stenosis without occlusion. The aorta and IVC are unclamped after 53 
confirming primary hemostasis. This novel model of central vein stenosis is easy to perform, 54 
reproducible, and will facilitate studies on AVF failure.  55 
 56 
INTRODUCTION:  57 
Arteriovenous fistulae (AVF) are the most common accesses for hemodialysis, with superior 58 
patency and reduced infection compared to other accesses such as grafts or central venous 59 
catheters. However, up to 60% of AVF fail to mature1-3; a recent systematic review reported that 60 
primary patency rates at 1 year were only 60%4. Stenosis along the venous outflow 61 
predominantly causes failure of AVF maturation5,6. There are certain characteristic locations 62 
prone to stenosis proximal to the fistula: the juxtaanastomotic swing segment for the 63 
radiocephalic fistula, the cephalic arch region for the brachiocephalic fistula and the central vein 64 
for the fistula with previously placed ipsilateral subclavian or internal jugular vein catheters7,8. 65 
 66 
Central venous stenosis is often asymptomatic in patients without an AVF, but can cause 67 
ipsilateral extremity edema by venous hypertension as well as failure of fistula maturation when 68 
challenged by fistula flow9. The pathophysiology of central venous stenosis is most likely related 69 
to inflammation and the activated coagulation cascade after device placement. Furthermore, 70 
constant movement of the catheter tip as well as increased flow from the fistula can alter shear 71 
stress, resulting in platelet deposition and venous wall thickening10. To understand the basic 72 
mechanisms underlying AVF failure caused by central venous stenosis, an animal model 73 
mimicking central venous stenosis with an AVF is required. 74 
 75 
We have established a murine aortocaval fistula model that is easy to perform and master and 76 
recapitulates the clinical course of human AVF.11 We applied the concepts and technique of 77 
several previously established murine models to create a novel murine AVF model with venous 78 
stenosis. We introduce a murine aortocaval fistula model with an IVC stenosis in the outflow 79 
fistula that can be used for the study of central venous stenosis.  80 
 81 
PROTOCOL:  82 
All experiments were performed with approval from the Yale University Institutional Animal Care 83 
and Use Committee (IACUC). 84 
 85 
1. Anesthesia and pre-operative procedures 86 
 87 
1.1. Sterilize all surgical instruments and materials by autoclaving. Turn on the thermal support 88 



   

 
 

device to be certain it is warm (40–42 °C).  89 
 90 
1.2. Place a 9–11-week old C57BL/6 mouse into an acrylic induction chamber and anesthetize it 91 
with vaporized 2.5% isoflurane and 0.8 L/min oxygen. Anesthesia induction takes about 3 min. 92 
 93 
1.3. Remove the mouse from the chamber. Confirm a deep plane of anesthesia by a toe pinch. 94 
Place the mouse in supine position on the surgical area and deliver 2.5% isoflurane using silicone 95 
mask. Provide buprenorphine at 0.1 mg/kg analgesic and apply ophthalmic ointment to the eyes. 96 
 97 
1.4. Remove fur from the ventral side of the neck to the lower abdomen using a hair remover.  98 
 99 
1.5. Cleanse and disinfect the surgical site by using a two-step scrub with 10% povidone-iodine 100 
and 70% isopropanol. Apply a surgical drape. 101 
 102 
2. Operative procedures 103 
 104 
2.1. Exposure of the clamp and puncture sites 105 
 106 
2.1.1. Prepare sterile instruments and wear sterile gloves to maintain sterility throughout the 107 
surgery. 108 
 109 
2.1.2. Make a skin-deep midline abdominal incision with a scalpel from the level of the lower liver 110 
edge to just above the pubis. Cut through the musculature with scissors to open the abdominal 111 
cavity. 112 
 113 
2.1.3. Insert a retractor into the abdomen and pull out the bowels to the right side. Keep them 114 
moist by wrapping in a saline-soaked gauze. Retreive the bladder and the seminal vesicles (in 115 
male mice) and pull them out to the caudal side. Dissect the mesentery between the rectum and 116 
retroperitoneum with a micro-needle holder to obtain a full view of the aorta and IVC. 117 
 118 
2.1.4. Dissect the infra-renal aorta and IVC en bloc from the lateral and dorsal surrounding 119 
retroperitoneal tissues with a micro-needle holder to cross-clamp them together. 120 
 121 
2.1.5. Dissect the surrounding tissues to expose the aortic puncture site at approximately three-122 
quarters of the distance from the left renal vein to the aortic bifurcation. 123 
 124 
2.2. IVC dissection 125 
 126 
2.2.1. Dissect between the infra-renal IVC and aorta immediately distal to the left renal vein. 127 
Extend the dissection distally to the halfway between the left renal vein and the aortic 128 
bifurcation, so that the infra-renal IVC, both upstream and downstream to the stenosis, can be 129 
observed postoperatively.  130 
 131 
NOTE: Blunt dissection between the IVC and aorta should be performed from immediately distal 132 



   

 
 

to the left renal vein where the connective tissue between the IVC and the aorta is relatively 133 
loose.  134 
 135 
2.2.2. Make a window to separate the IVC from the aorta at that level and dissect the IVC from 136 
the surrounding tissue. Place an 8-0 polyamide monofilament suture firstly beneath the IVC and 137 
aorta (Figure 1A), then position the suture beneath only the IVC (Figure 1B) by pulling the suture 138 
end through the window.  139 
 140 
NOTE: Since the IVC is fragile, dissecting along the aortic adventitia is useful to make a window 141 
to prevent the IVC as well as small IVC or aortic branches from being damaged. If bleeding occurs, 142 
it is likely to be uncontrollable. If the IVC has distinct side branches, place an 8-0 suture distally 143 
to the branches.  144 
 145 
2.3. AVF creation 146 
 147 
2.3.1. Bend a 25 G needle to a 45–60° angle at a point ~4 mm from the needle tip. 148 
 149 
2.3.2. Clamp the infra-renal aorta and IVC by applying a microsurgical clip. 150 
 151 
2.3.3. Rotate the aorta medially and caudally by grasping the connective tissue surrounding the 152 
bifurcation to expose the puncture site of the aorta stretched it slightly to the ventral side. 153 
 154 
2.3.4. Holding the aorta in a suitable position, puncture through the aorta into the IVC using the 155 
prepared 25 G needle (Figure 1C). 156 
 157 
2.3.5. Release the aorta and cover the puncture site with the surrounding tissue pulling up from 158 
the left side of the aorta. Take out the needle and press the puncture site gently using a cotton-159 
tipped swab for hemostasis. 160 
 161 
2.4. Creation of the IVC stenosis  162 
 163 
2.4.1. Place a tip of a 22 G IV catheter (see the Table of Materials) onto the IVC longitudinally. 164 
Ligate the IV catheter and IVC together with an 8-0 suture (Figure 1D), and then remove the IV 165 
catheter. 166 
 167 
2.4.2. Confirm primary hemostasis (Figure 1E) and then unclamp the aorta and IVC. Cover the 168 
puncture site 1 min more to ensure hemostasis. 169 
 170 
NOTE: Do not clamp for too long so as to avoid IVC thrombosis distal to the stenosis.  171 
 172 
2.4.3. Return organs to their original positions and close the abdomen with 6-0 sutures. 173 
 174 
3. Post-operative procedures 175 
 176 



   

 
 

3.1. After closure of the abdominal wound, discontinue isoflurane inhalation. Put the mouse into 177 
an individual bedding-free cage and place the cage on a thermal support device to prevent 178 
hypothermia. 179 
 180 
NOTE: The mouse is observed until they achieve and maintain sternal recumbency. Apply post-181 
operative care including analgesia and wound care in accordance with recommendations of the 182 
local IACUC. For analgesia we use buprenorphine at 0.1 mg/kg intrasmuscularly every 12 h for 24 183 
h following the surgical procedures. 184 
 185 
3.2. Confirm the AVF patency postoperatively by using Doppler ultrasound (see the Table of 186 
Materials). In addition, measure other vessel and flow characteristics as required.  187 
 188 
REPRESENTATIVE RESULTS:  189 
Male mice underwent the operation mentioned above to create both an AVF and an IVC stenosis. 190 
Control mice underwent only laparotomy and dissection of the tissues surrounding the IVC, e.g., 191 
a sham procedure, or only creation of an IVC stenosis without simultaneous creation of an AVF. 192 
The IVC was observed with Doppler ultrasound on day 7 after the surgical procedure (Figure 2). 193 
The fistula and stenosis areas of the IVC were easily detected in the longitudinal view (Figure 194 
2C,E). The IVC between the fistula and the stenosis was dilated in mice having an AVF with the 195 
stenosis. The ultrasound waveforms were examined in the IVC at the point of the stenosis (Figure 196 
2D,F). In mice bearing a stenosis alone, without an AVF, the stenosis segment showed a venous 197 
waveform with more spectral broadening than sham-operated mice but without much pulsatility. 198 
However, in mice having an AVF as well as a stenosis, the stenosis segment showed a pulsatile 199 
waveform in addition to spectral broadening. The time-averaged maximum velocity of the flow 200 
at the stenosis in mice having an AVF with stenosis was significantly higher than mice having 201 
stenosis alone (Table 1). 202 
 203 
The Doppler ultrasound B mode was used in transverse views to assess the IVC on day seven after 204 
surgery (Table 1). The mean IVC diameter at the stenosis in mice having stenosis alone was similar 205 
to the mice having an AVF as well as the stenosis (Table 1). The percent stenosis of the IVC was 206 
calculated according to the NASCET method12. Using either the upstream segment or the 207 
downstream segment as the reference, the percent stenosis was significantly greater in mice 208 
having an AVF in addition to the stenosis (Table 1).  209 
 210 
FIGURE AND TABLE LEGENDS:  211 
 212 
Figure 1. Operative photos of murine AVF model with venous stenosis. (A) Place an 8-0 suture 213 
beneath the IVC (blue arrowheads) and aorta (red arrowheads) halfway between the left renal 214 
vein (yellow arrowheads) and the aortic bifurcation, distally to any large IVC branches if present. 215 
(B) Place the suture beneath the IVC only. (C) After proximal clamping, puncture the aorta 216 
through both walls and into the IVC. (D) Tie a tip of a 22 G IV catheter and the IVC together with 217 
the placed suture. (E) Remove the catheter and unclamp. Arterial blood flow through IVC stenosis 218 
can be observed.  219 
 220 



   

 
 

Figure 2. Ultrasound findings on day 7 after the surgical procedure. Top: representative images 221 
of mice with a sham procedure. (A) B-mode image shows IVC in the longitudinal view. The left 222 
side is the cranial side. (B) Waveform of the infrarenal IVC. Middle: representative images of mice 223 
with a stenosis alone. (C) B-mode image shows IVC including the stenosis (yellow asterisk) in the 224 
longitudinal view. The left side is the cranial side. (D) Waveform in the area of the stenosis. 225 
Bottom: Representative images of mice having AVF with stenosis. (E) B-mode image shows IVC 226 
including fistula (white asterisk) and stenosis. The left side is the cranial side. (F) Waveform in the 227 
area of the stenosis. White scale bar represents 1 mm. Yellow scale bar represents 100 ms. 228 
 229 
Table 1. Ultrasound measurement at the IVC stenosis area of each group. Ultrasound derived 230 
measurements at the IVC stenosis area of mice having stenosis alone and mice having AVF with 231 
stenosis on day 7 after surgery. %stenosis (upstream) = (1 – [diameter at stenosis / diameter at 232 
upstream reference segment]) x 100%. %stenosis (downstream) = (1 – [diameter at stenosis / 233 
diameter at downstream reference segment]) x 100%. %dilation = (diameter on postoperative 234 
day 7 / preoperative diameter at the same segment) x 100%. P values are based on Student’s t-235 
tests, n = 4–6. 236 
 237 
DISCUSSION: 238 
The murine AVF model has been used to study the basic mechanisms and molecular events 239 
leading to AVF maturation13,14. In this study, we modified an established murine AVF model to 240 
create a novel murine aortocaval fistula model with an IVC stenosis in the outflow tract of the 241 
fistula. Our ligation model is similar to several previously described murine models that use 242 
vascular ligation. A murine model of deep vein thrombosis was created using partial IVC ligation 243 
with a 30 G needle spacer15; we used a larger 22 G IV catheter spacer to create a smaller stenosis 244 
and thereby avoid thrombotic occlusion. A murine model of partial carotid artery ligation was 245 
used to induce disturbed flow, leading to atherosclerosis16; our model similarly used a partial 246 
venous ligation and accordingly demonstrated disturbed flow in the IVC at the area of the partial 247 
ligation. 248 
 249 
Mechanisms underlying AVF maturation failure caused by fistula venous stenosis have been 250 
studied. Hemodynamic changes including disturbed frequencies of shear stress were shown to 251 
be important factors17,18. A computational fluid dynamics simulation showed disturbed flow at 252 
the venous stenosis19, although animal models of AVF with venous stenosis have not been 253 
previously reported. This modified murine aortocaval fistula model can be used to study an AVF 254 
with central venous stenosis. The IVC diameter at the stenosis has less variation and more 255 
consistency in this model; partial IVC ligation using an IV catheter increases the reproducibility of 256 
this model. Clinical symptoms and signs of central vein stenosis often develop only after fistula 257 
creation in the ipsilateral extremity9. In this model, mice having a partial IVC stenosis (<50%) had 258 
normal flow and were asymptomatic, whereas addition of an AVF increased the degree of 259 
stenosis to a degree that could cause symptoms (>50%) (Figure 2, Table 1). These results mimic 260 
the phenotype of central vein stenosis; increased venous flow due to the presence of the fistula 261 
can unveil the existence of asymptomatic central vein stenosis, causing venous hypertension and 262 
failure of fistula maturation. 263 
 264 



   

 
 

There are some critical steps and points to improve the success rate and consistency of the 265 
procedure. If the IVC has distinct side branches, an 8-0 suture is placed distally (caudally) to the 266 
branches (Figure 1). In the original murine AVF model, side branches of IVC are typically ignored 267 
because the higher vascular resistance of the branches keeps the fistula flow from entering the 268 
branches. However, if the IVC stenosis is created proximally to distinct side branches in this 269 
model, the fistula flow may escape into the branches due to vascular resistance by the newly 270 
placed suture. To avoid massive bleeding, the IVC dissection is started immediately inferiorly to 271 
the left renal vein and is extended further inferiorly to the point where the IVC is to be ligated. 272 
This step is the most critical part of this surgery; bleeding from damaged IVC or branches is likely 273 
to be uncontrollable. Furthermore, to avoid touching the IVC when placing the suture around it, 274 
and potentially tearing it, the 8-0 suture is initially placed around both the IVC and the aorta, and 275 
then repositioned beneath only the IVC. Lastly, the knot of the 8-0 suture is placed on the side of 276 
the IVC, not directly anteriorly, to prevent any artifact that could affect the postoperative 277 
ultrasound examination. 278 
 279 
A potential limitation of this study is that the IVC stenosis in this model is created by external 280 
mechanical compression; adventitial inflammation caused by the suture and IVC dissection could 281 
potentially affect venous remodeling at the stenosis area. In addition, the fistula in this model is 282 
made between aorta and IVC so that all the fistula flow is directed into the IVC stenosis, whereas 283 
the fistula created in the human upper extremity often allows collateral veins to develop, keeping 284 
the stenosis asymptomatic. Physical signs of central venous stenosis such as distal edema and 285 
collateral formation are not shown in this model. 286 
 287 
In summary, we introduce a protocol for a novel murine aortocaval fistula model with an IVC 288 
outflow stenosis that is easy to perform and reproducible. We expect that this model will be 289 
useful to study hemodynamic changes by a central venous stenosis that could affect AVF 290 
maturation.  291 
 292 
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Stenosis Yes Yes

AVF No Yes

Time-averaged maximum velocity (mm/s) 180 878 0.0023

Stenosis diameter (mm) 0.62 ± 0.01 0.63 ± 0.01 0.3558

% stenosis (upsteam) 43% 66% 0.0159

% stenosis (downsteam) 42% 56% 0.0006

P  value
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Name of Material / Equipment Company Catalog Number Comments/Description

20-60 Mhz scan head VisualSonics Inc. RMV-704
8-0 Sterile Micro Suture, 6mm 

(140 µ), 3/8 Circle, TAP Point 

Needle AROSuture T06A08N14-13 polyamide monofilament sutures
Induction Chamber, 2 Liter 

3.75"W x 9.00"D x 3.75"H VetEquip 941444

Isoflo, Isoflurane liquid Zoetis 26675-46-7

Mice, C57BL/6J

The Jackson 

Laboratory 664

Pet Bed Microwave Heating Pad Snuggle Safe 6250

PrecisionGlide Needle 25G BD 305122

Surflo I.V. Catheter 22G Terumo SR-OX2225CA 0.85mm outer diameter

Vascular clamp 

Roboz Surgical 

Instrument RS-5424
Vevo770 High Resolution Imaging 

System VisualSonics Inc. 770
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NOTE: Please include a line-by-line response to each of the editorial and reviewer 

comments in the form of a letter along with the resubmission.  

 

Editorial Comments: 

 

• Please take this opportunity to thoroughly proofread the manuscript to ensure that 

there are no spelling or grammatical errors. 

Thank you. We confirm that there are no spelling or grammatical errors in the 

manuscript.  

 

• Text Overlap: Significant portions of the manuscript show significant overlap with 

previously published work. Please re-write Lines 46-49, 90-92, 106-111, 143-157 using 

ALL original text to avoid this overlap. 

Thank you for pointing this out. We have rewritten these parts using original text. 

 

• Protocol Detail: Please note that your protocol will be used to generate the script 

for the video, and must contain everything that you would like shown in the video. 

Please add more specific details (e.g. button clicks for software actions, numerical 

values for settings, etc) to your protocol steps. 

1) Please include an ethics statement before your numbered protocol steps indicating 

that the protocol follows the animal care guidelines of your institution. 

2) 1.1: Mention sex if it matters. 

3) 1.5: Mention povidone % and isopropanol %. 

4) 2.1.2: How deep is the initial incision? Skin-deep? Or through the musculature? 

5) 2.1.3: Mention tools used for dissection. 

6) 2.1.4: Describe the dissection in a bit more detail. 

 

response to reviewers Click here to access/download;Rebuttal
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https://www.editorialmanager.com/jove/download.aspx?id=995750&guid=b288a2a8-5344-482f-8a4e-148dc517892c&scheme=1
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Thank you for these questions. 

1) We included the statement that all experiments are performed with approval 

from the Yale University Institutional Animal Care and Use Committee.  

2) Both male and female mice could be used for this experiment. 

3) We mention these concentrations. 

4) We mention that the initial incision is skin-deep. 

5) A micro-needle holder is used for dissection. 

6) We described the detail of the infra-renal aorta IVC dissection. 

  

 

• Discussion: JoVE articles are focused on the methods and the protocol, thus the 

discussion should be similarly focused. Please ensure that the discussion covers the 

following in detail and in paragraph form (3-6 paragraphs): 1) modifications and 

troubleshooting, 2) limitations of the technique, 3) significance with respect to 

existing methods, 4) future applications and 5) critical steps within the protocol. 

Thank you for this instruction. We now address all these points in the discussion. 

 

• Figures: 

1) Fig 2: Please provide scale references on the images. 

Scale references are provided in Fig 2. 

 

• Tables: 

1) Table 1: Mention statistical test used. Mention sample sizes. 

Student’s t-test was used and sample size were 4 to 6. We mention this in the table 

legend. 

 

• References: 

1) Please make sure that your references comply with JoVE instructions for authors. 

Citation formatting should appear as follows: (For 6 authors or less list all authors. 

For more than 6 authors, list only the first author then et al.): [Lastname, F.I., 

LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage – 

LastPage, (YEAR).] 

2) Please spell out journal/source name. 

We followed these instructions by downloading the JoVE Endnote styling from JoVE 



website. 

 

• Commercial Language:JoVE is unable to publish manuscripts containing 

commercial sounding language, including trademark or registered trademark 

symbols (TM/R) and the mention of company brand names before an instrument or 

reagent. Examples of commercial sounding language in your manuscript are Surflo® 

22G; Terumo, (Vevo770 High 183 Resolution Imaging System 

1) Please use MS Word’s find function (Ctrl+F), to locate and replace all commercial 

sounding language in your manuscript with generic names that are not 

company-specific. All commercial products should be sufficiently referenced in 

the table of materials/reagents. You may use the generic term followed by “(see 

table of materials)” to draw the readers’ attention to specific commercial names. 

Thank you for this point. We followed these instructions. 

 

• Table of Materials:Please revise the table of the essential supplies, reagents, and 

equipment. The table should include the name, company, and catalog number of all 

relevant materials/software in separate columns in an xls/xlsx file. Please include 

items such as surgical tools, ultrasound imager, animals, drugs used etc. 

Thank you for this point. We followed this instruction and revised the table of 

materials. 

 

• If your figures and tables are original and not published previously or you have 

already obtained figure permissions, please ignore this comment. If you are re-using 

figures from a previous publication, you must obtain explicit permission to re-use 

the figure from the previous publisher (this can be in the form of a letter from an 

editor or a link to the editorial policies that allows you to re-publish the figure). 

Please upload the text of the re-print permission (may be copied and pasted from an 

email/website) as a Word document to the Editorial Manager site in the 

"Supplemental files (as requested by JoVE)" section. Please also cite the figure 

appropriately in the figure legend, i.e. "This figure has been modified from 

[citation]." 

The figure is original. 

  

Comments from Peer-Reviewers:  



 

Reviewer #1: 

 

This is a very interesting and meaningful method article. The writing is excellent. 

However, I found some minor issues. It's best to polish it up before publication. 

 

Minor Points: 

1. It may be better to use centigrade or both; 

We changed degrees from Fahrenheit to Celsius. 

 

2. It might be better to describe the specific time of anesthesia induction; 

We now describe this. 

 

3. Is there any recycling equipment for anesthesia gas? 

We do not use any recycling equipment for anesthesia gas. 

 

4. In Figure 2, it is better to add a normal control (without any operation). 

We added panels of the sham group as a normal control and mentioned this in the 

representative results section. 

 

5. Please add some material/equipment information (acrylic induction chamber; 

thermal support device). 

Thank you for this comment. We added information about the acrylic induction 

chamber and thermal support device in Table of Materials. 

 

Reviewer #2: 

 

Manuscript Summary: 

This manuscript describes a new model of AVF and venous stenosis. It is well 

written and illustrated. This model is appropriate to study what happens to AVF in 

the presence of a venous stenosis, as one might see with a dialysis fistula in the arm 

and then a more central venous stenosis. 

 

Major Concerns: 



 

1. What type of suture did the authors use to place around the IVC? We have found 

that a non-reative prolene suture will produce less surrounding inflammation 

than a silk suture. Can the authors provide this information? 

Thank you for raising this interesting point. We use polyamide monofilament 

sutures, which produces less surrounding inflammation than silk sutures. We now 

address this in the Protocol section. 

 

2. Why do the authors put the suture around both the artery and vein initially, rather 

than just going around the IVC? 

Thank you for this question. The reason is that it is much safer. The IVC can easily be 

damaged if a needle holder goes around the IVC through the window between the 

IVC and aorta; we thus avoid touching the IVC when putting the suture around it. 

We now address this in the Discussion section. 

 

3. Why do the authors use such a large spacer? 

The reason we use a large spacer is to avoid creating a venous thrombosis. A spacer 

that is smaller than 22G can cause postsurgical thrombosis in the IVC distal to the 

stenosis; in fact, Payne et al.1 used a 30G spacer to create a model of deep vein 

thrombosis. On the other hand, we created this model to create a stenosis without 

creating a thrombus, e.g. maintain venous flow. 

 

4. Finally, can the authors clarify if they ligate all draining side branches, or just a 

few of them? 

Thank you for this important question. We do not ligate any draining side branches. 

As mentioned in the discussion section, the IVC stenosis is created distally to 

distinct side branches to keep the fistula flow from entering branches. Side 

branches above the IVC stenosis do not affect the fistula flow as vascular 

resistance of the side branches is much higher than in the proximal IVC. 

  

Minor Concerns: 

 

1. For Figure 2, the authors should number the parts of their images and then refer 

to these numbers in their legend. 



Thank you for this point. We followed this suggestion. 

 

1 Payne, H. & Brill, A. Stenosis of the Inferior Vena Cava: A Murine Model of 

Deep Vein Thrombosis. J Vis Exp. 10.3791/56697 (130), (2017). 

 


