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is of great interest to your readership. This method was originally presented as an oral
presentation at the 2018 ATVB in a session focusing on Aortic Aneurysm disease and was
afterwards published in the Journal of Vascular Surgery. Since the original study, we have
performed several other studies investigating the roles of gender in this large animal model
of aortic aneurysm formation. We hope that these studies support the merit of publication
of this method in the journal JOVE. As such, we hope these findings are novel contribution
and would be of great interest to the general readership of JOVE. Please do not hesitate to
contact me if | can be of any further assistance.

Dr. Morgan Salmon

Assistant Professor

Department of Surgery
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and a lysyl oxidase inhibitor, called B-aminopropionitrile (BAPN), to create clinically significant
infrarenal aortic aneurysms, analogous to human disease.

Noncastrated male swine are fed BAPN for 7 days prior to surgery to achieve a steady state in
the blood. A midline laparotomy is performed and the infrarenal aorta is circumferentially
dissected. An initial measurement is recorded prior to aneurysm induction with a combination of
balloon angioplasty, elastase (500 units)/collagenase (8000 units) perfusion, and topical elastase
application. Swine are fed BAPN daily until terminal procedure on either postoperative day 7, 14,
or 28, at which time the aneurysm is measured, and tissue procured. BAPN + surgery pigs are
compared to pigs that underwent surgery alone.

Swine treated with BAPN and surgery had a mean aortic dilation of 89.9% + 47.4% at day 7,
105.4% + 58.1% at day 14, and 113.5% + 30.2% at day 28. Pigs treated with surgery alone had
significantly smaller aneurysms compared to BAPN + surgery animals at day 28 (p < 0.0003). The
BAPN + surgery group had macroscopic and immunohistochemical evidence of end stage
aneurysmal disease.

Clinically significant infrarenal AAA can be induced using balloon angioplasty,
elastase/collagenase perfusion and topical application, supplemented with oral BAPN. This
model creates large, clinically significant AAA with hallmarks of human disease. This has
important implications for the elucidation of AAA pathogenesis and testing of novel therapies
and devices for the treatment of AAA. Limitations of the model include variation in BAPN ingested
by swine, quality of elastase perfusion, and cost of BAPN.

INTRODUCTION:

According to the Center for Disease Control (CDC), aortic aneurysms (AA) are a leading cause of
death in the United States and represent a significant disease burden®. An aortic aneurysm is
defined as a dilation of a discrete portion of the vessel lumen by over 50%?2. A subset of AA in the
abdomen, referred to as abdominal aortic aneurysms (AAA) are a growing concern. AAA remain
clinically silent until impending rupture or dissection, with acute onset, severe abdominal pain
generally being the only presenting symptom“. Rupture of AAA is almost always fatal with a
mortality rate of 90%°. Open or endovascular surgery is the only therapeutic option for patients,
and can be a highly morbid procedure. Importantly, AAA are one of the few cardiovascular
diseases with no medical therapy for cure.

To date, much of the research on AAA pathogenesis has focused on rodent models, using
elastase, which is an enzyme that degrades elastin found within the aortic media, to induce
aneurysms.®” However, the clinical translatability of small animal models to human aneurysmal
disease is restricted, as evaluation of structural changes in the aorta, and altered hemodynamics
are limited due to size. Because of anatomical and size similarity, the porcine circulatory system
correlates better with human biology than rodents®. Large animal models allow further
understanding of cellular mechanisms of the disease process, can be used develop novel
treatments at therapeutic doses for large mammals, and test mechanical repair devices, which
would not be feasible in small animal models. Additionally, the acute nature of rodent models
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does not replicate the chronicity and pathologic characteristics of human aneurysmal disease.

The combination of elastase and a compound called B-aminopropionitrile (BAPN) has
revolutionized murine AAA models, by creating aneurysms that are larger and contain sequela of
chronic aneurysmal disease, including mural thrombus, dissection, and rupture®. BAPN is an
inhibitor of lysyl oxidase, which is essential for collagen crosslinking, a crucial component of the
aortic wall'®12, Lysyl oxidase activity decreases with aging and given the association of age and
the chronic nature of complicated AA, BAPN has great potential to experimentally mimic the
effects of aging®'3'4. The use of BAPN and its ability to replicate chronic disease in a subacute
setting offers a novel advantage over alternative large animal models of AAA. Compared to other
established porcine AAA models, this model creates the largest aneurysms with hallmarks of end-
stage disease, and the results have been previously published®%:1>,

While conferring certain advantages, significant resources and investment are required to
successfully complete this model that may deter some investigators. Among these resources
include access to operating rooms, qualified surgeons and anesthesia providers, animal housing,
and veterinary staff to assist with post-operative care. Additionally, the cost of BAPN may be
prohibitively expensive for some labs.

Few large animal models exist to study the complex pathophysiology of AAA formation and
translate to human disease. Large animal models of AAA are critical to help assess the viability of
novel technologies and treatments for human disease. Therefore, the purpose of this study was
to create a reproducible model of advanced stage infrarenal AAA in swine. The rationale for the
use of BAPN and elastase swine model is to better understand the pathophysiology of AAA by
mimicking the chronic nature and sequela of human aneurysmal disease in an acute or subacute
setting, as well as to test novel therapies and devices for AAA treatment.

PROTOCOL:
Animal protocols were approved by the University of Virginia Institutional Animal Care and Use

Committee (No. 3848).

NOTE: This model has been previously published by Cullen et al. and is a modified protocol
described by Hynecek et al.3*>,

1. Animals

1.1. Use non-castrated male swine weighing 20-30 kg for the experiments.

1.2. Provide pigs with standard chow and water supplemented with BAPN, given in a weight
based dose (0.15 g/kg) and mixed in whole-milk plain yogurt. Start BAPN administration 7 days
prior to the index operation to achieve steady state in the blood, and daily during post-operative

course.

NOTE: BAPN has numerous side effects if ingested in large quantities. Isolation precautions for
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staff including cap, gowns, gloves, and shoe covers should be worn whenever interacting with
animals fed BAPN or handling BAPN.

1.3. Make pigs nil per os (NPO) the night prior to surgery.
2. Anesthesia

2.1. Induce general anesthesia (GA) using tiletamine-zolzepam 6 mg/kg, xylazine (2 mg/kg), and
atropine sulfate (0.04 mg/kg) administered intramuscularly.

2.2. Intubate the pig using a standard endotracheal tube (ETT) and Miller blade.

2.3. Obtain peripheral intravenous (IV) access using a 16 or 18 gauge IV in an ear vein and secure
in place with tape.

2.4. Connect the ETT to anesthesia machine and maintain GA using inhaled isoflurane (0.2
mg/kg).

2.5. Apply electrocardiogram (EKG) leads and pulse oximetry to monitor vital signs during
surgery. Take oral temperature at the beginning of the case. Place an electrocautery pad on
dependent portion of the pig.

3. Surgical technique

3.1. Perform sterilization of the surgical area using sterile gauze, povidone-iodine and 70%
isopropyl alcohol. Drape the pig in the usual sterile fashion. Take a blood sample prior to incision.

NOTE: At this point, all equipment, including instruments, balloons, wires, etc. must be sterile.

3.2. Using an eleven blade or Bovie electrocautery, perform a midline laparotomy to enter the
abdominal cavity.

3.3. Displace the abdominal viscera cephalad to the pig’s left to expose the retroperitoneum.
Cover the bowel with a moist blue towel to avoid desiccation. Make a sharp incision to enter the
retroperitoneum, allowing access to the inferior vena cava (IVC) and infrarenal abdominal aorta.

NOTE: Identification and protection of the ureters bilaterally is crucial at this portion of the case.
Swine retroperitoneal anatomy (including the course of the ureters) grossly mirrors that of
humans, with subtle variations detailed below.

3.4. Circumferentially dissect the aorta from the renal vessels, inferiorly to the aortic trifurcation.
Take care to avoid IVC and lumbar artery injury. Once the entire infrarenal aorta is exposed, use
calipers to measure the aortic diameter at the mid portion of the infrarenal aorta.
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NOTE: Unlike humans, swine have an aortic trifurcation, not bifurcation.

3.5. Identify the caudal mesenteric artery on the anterior portion of the infrarenal aorta, which
usually lies a few centimeters proximal to the aortic trifurcation. This artery does not exist in
humans. Dissect, clamp, and transect this artery. At this point, administer 5000 units of
unfractionated heparin sulfate intravenously.

3.6. Cannulate the caudal mesenteric artery with a 0.018 in stainless steel wire guide from a
micropuncture introducer set. Serially dilate the artery over the wire with a 5 French (Fr) and
then a 7 Fr introducer.

3.7. Leaving the 7 Fr introducer in place, replace the 0.018 in wire with a 0.035 in guidewire, and
then remove the 7 Fr introducer, ensuring hemostasis with a finger over the cannulation site as
the introducer is removed. Insert a 0.035 in guide wire until approximately 30 cm of wire remains
or resistance is encountered.

3.8. Insert a 16 mm percutaneous transluminal angioplasty balloon over the wire into the
infrarenal aorta. Inflate the balloon to a constant pressure of 2 atm for 10 min. After 10 min,
deflate and remove the balloon, leaving the guide wire in place, and allow for reperfusion for 10
min.

3.9. After 10 min of reperfusion, cross clamp the aorta just distal to the renal vessels and proximal
to the aortic trifurcation. Identify and clamp the previously dissected lumbar vessels to isolate
the infrarenal aorta from systemic circulation. This is important to avoid systemic perfusion of
elastase, which can cause a septic response in the acute post-operative period.

3.10. Reintroduce the 7 Frintroducer over the wire and remove the wire. Flush the isolated aortic
segment with saline assuring no leakage of fluid. Connect the elastase (500 units) and collagenase
(8000 units) solution to the introducer and perfuse 30 mL into the isolated aorta under constant
manual pressure for 10 min. The entire 30 mL of solutions should be introduced to the isolated
segment.

NOTE: A well perfused aortic segment should be taut without leakage from the aortic wall or
from the cannulation site. A vessel loop may be wrapped just proximal to the cannulation site to
ensure no elastase escapes. Over the course of 10 min, elastase/collagenase solution can be
observed “weeping” through the aortic wall.

3.11. After 10 min, irrigate the solution from the aortic lumen with saline. Remove the introducer
and ligate the caudal mesenteric artery stump. Release all clamps (lumbar clamps first, followed
by distal clamp, then proximal clamp).

NOTE: Restrict the clamp time to no more than 10 min in order to prevent spinal cord ischemia.
Have a repair stitch (5-0 polypropylene) loaded in case of bleeding from the caudal mesenteric
artery stump after the cross clamps are released.
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3.12. Soak a 2 cm x 5 cm piece of surgical gauze with 20 mL of undiluted elastase (27 units/mL)
and wrap around the intervened aorta for 10 min. Take a measure of the aorta after all
interventions with a caliper.

3.13. Irrigate the abdomen with saline, replace the bowel, and close the abdomen in three layers
utilizing running synthetic absorbable monofilament suture 1 Polydioxanone (PDS) looped suture
for fascia, running braided absorbable 2-0 suture for deep dermal layer, and subcuticular
absorbable monofilament suture (4-0) for the skin.

4. Postoperative care

4.1. Utilize a transdermal fentanyl patch (75 mg) and intramuscular buprenorphine (0.01-0.02
mg/kg) for post-operative analgesia. Remove the fentanyl patch on postoperative day (POD) 3.

4.2. Administer postoperative antibiotics (1 g cephalexin intramuscularly) on POD 1-3.

4.3. Socially house animals after POD 3.

5. Aortic tissue procurement

5.1. Perform tissue procurement on either POD 7, 14, or 28.

5.2. Induce GA as described in steps 2.1-2.5 above.

NOTE: Terminal aortic tissue procurement does not need to be sterile.

5.3. Reopen the previous midline laparotomy incision, being cognizant of adhered bowel to the
anterior abdominal wall. Reflect the bowel to expose the retroperitoneum and aorta similar to
step 3.3 above.

5.4. Dissect the aorta until the aneurysm is exposed and measure the external diameter of the
aneurysmal segment with calipers. Calculate aortic dilation (%) using the following equation:
[(harvest infrarenal diameter — initial operative infrarenal diameter) x 100%]. Once the

measurement is attained, administer a lethal dose of pentobarbital-phenytoin (e.g., Euthasol) via
injection into the IVC.

5.5. Dissect the aorta from the trifurcation to the suprarenal aorta and explant the aneurysmal
segment with a control segment of untreated aorta. Place the sample in either liquid nitrogen or
formalin for histologic evaluation.

REPRESENTATIVE RESULTS:
All statistical analyses were performed using Fisher exact test or chi squared test as appropriate.
Data values are reported as mean aortic dilation (%) * standard deviation (%). Statistical
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significance was set P < 0.05. The combination of BAPN and surgery providing elastase treatment
(surgery/elastase) creates more robust and reproducible AAA in swine at day 28 compared to
those treated with surgery and elastase alone (mean aortic dilation (%) + standard deviation (%):
113.5% * 30.2% (n = 8) versus 59.7% + 29.2% (n = 12); P < .01) as shown in Figure 1. AAA grew
progressively larger as time progressed (mean aortic dilation (%) * standard deviation (%) of
86.9% + 47.4% (n = 4), 105.4% + 58.1% (n = 5), and 113.5% + 30.2% (n = 8) at 7, 14, and 28 day
harvest time points, respectively, Figure 1). Evidence of chronic aneurysmal disease is evident in
animals treated with BAPN and surgery/elastase, including intraluminal thrombus and
atherosclerosis (Figure 2). Histologic evaluation demonstrated significantly increased elastin
fragmentation and collagen alteration in BAPN-treated swine AAA than surgery/elastase alone
(Figure 3 and Figure 4, respectively).

FIGURE AND TABLE LEGENDS:

Figure 1: B-Aminopropionitrile (BAPN) treatment increases swine abdominal aortic aneurysm
(AAA) size. (A) BAPN + surgery/elastase swine had significantly higher mean aortic dilation
compared with non-BAPN-treated (surgery/elastase alone) swine at 28 days (113.5% + 30.2% vs.
59.7% * 29.2%; P < .01). (B) BAPN-treated swine showed mean aortic dilation of 86.9% + 47.4%,
105.4% + 58.1%, and 113.5% + 30.2% at 7, 14, and 28-day harvest time points, respectively. This
figure was published by Cullen et al.> and reproduced here with permission.

Figure 2: Sample photographs of porcine abdominal aortic aneurysms (AAA). (A) Control
abdominal aorta (no treatment with BAPN or elastase). (B) Infrarenal AAA formed on post-
operative day (POD) 28 after treatment with surgery/elastase, and BAPN (C) Intraluminal
thrombus in AAA on POD 28 in surgery/elastase and BAPN treated animals (D) Atherosclerosis in
infrarenal AAA on POD 28 in surgery/elastase and BAPN treated animals

Figure 3: Elastin fragmentation is increased in B-aminopropionitrile (BAPN)-treated swine
abdominal aortic aneurysm (AAA). van Gieson staining in infrarenal aorta and suprarenal aorta
at 7 days (A), 14 days (B), and 28 days (C). Far right, Elastin (black) fragmentation as measured
by independent reviewers of infrarenal aorta versus suprarenalaorta at 7, 14, and 28 days. Scale
bar represents 500 um; 4x lens objective. *P < 0.05. This figure was published by Cullen et al.*®
and reproduced here with permission.

Figure 4: Collagen is altered in B-aminopropionitrile (BAPN)-treated swine abdominal aortic
aneurysm (AAA). Masson trichrome and van Gieson staining in infrarenal aorta and suprarenal
aorta at 7 days (A), 14 days (B), and 28 days (C). Far right, Collagen (blue) content within the wall
of infrarenal versus suprarenal aorta as measured by densitometry units at 7, 14, and 28 days.
Scale bar represents 250 mm; 4x lens objective. This figure was published by Cullen et al.*> and
reproduced with permission.

DISCUSSION:
A novel model of infrarenal AAA in swine was created using a combination of balloon angioplasty,
perfusion and topical elastase, and dietary as BAPN. Using this model, aortic dilation of >100%
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was achieved with gross and histologic characteristics of chronic human aneurysmal disease. This
model provides a gateway to further understand the complex pathophysiology of AAA and
translate potential therapies to human disease.

Prior models of AAA in swine have been achieved with modest success. Marinov et al. used
elastase perfusion alone and saw some histologic changes including elastin disruption, but were
not able to attain the phenotype that defines an aneurysm (>50% dilation)?®. Given the durability
of the porcine aorta, more than one intervention is needed to attain clinically significant
aneurysms, which was originally described by Hynecek et al. using a combination of elastase and
collagenase perfusion and balloon angioplasty®. They saw mean aortic diameter of 73% as well
as histologic changes of aneurysmal disease, including endothelial loss, neutrophil infiltration,
and elastin disruption.

However, prior models do not address a fundamental issue with all AAA models: how to replicate
a chronic disease process in an acute or subacute setting. Most elastase models of AAA in mice
show peak dilation at approximately 2 weeks followed by regression thereafter, whereas human
disease evolves chronically over years. The key to this question may rest in the use of BAPN, a
lysyl oxidase inhibitor preventing collagen crosslinking. BAPN has an “aging” effect, and
combined with elastase treatment, it has been shown to simulate chronic aneurysm growth. In a
murine model by Lu et al., mice were observed 100 days post-operatively, and demonstrated
evidence of end-stage AAA with thrombus formation and spontaneous rupture®. The novelty and
significance of our porcine AAA model is in the use of BAPN, which replicates this chronic disease
process in a subacute setting and a more translatable animal species. Pigs fed a diet of BAPN
combined with balloon angioplasty, elastase perfusion, and topical elastase application showed
more robust aneurysms with evidence of end-stage disease, including mural thrombus,
atherosclerosis, and rupture compared to those treated with surgery and elastase alone (Figure
1). This model augments and improves upon the prior model by Hynecek et al. by creating larger
aneurysms with sequela of chronic disease®.

Although BAPN is essential to replicate the chronicity of AAA, surgical intervention provides the
initial insult to the aorta to induce aneurysm formation. BAPN without surgery or elastase use
has been examined, but did not show any significant aortic dilation!!. For non-surgically trained
investigators, the induction of AAA in swine via laparotomy can be daunting. Each step is fraught
with potential complications, from bowel and ureteral injuries to arterial or venous bleeding
requiring repair to post-operative wound infections. The investigator must be prepared for
contingencies in order to survive the pig to its goal end point. A true team effort is required,
including an experienced surgeon well versed in abdominal anatomy, provision of exceptional
anesthesia including attention to vital signs and fluid status, and attentive post-operative care.
Our team has experienced all of the above complications and acted accordingly whether with
repair of enterotomy or caval injuries or antibiotics for infections. However, an unforeseen
complication involved the degree to which BAPN impaired incisional wound healing in the pigs.
Around 3 weeks post-operatively, some pigs exhibited breakdown of their incisions with
occasional fascial dehiscence requiring take-back to the operating theater for revision and
debridement. Careful monitoring of incisions post-operatively as well as closure in multiple layers
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is advised to prevent this complication.

The critical portion of the surgery involves cannulation of aorta via the caudal mesenteric artery,
which can be frustrating, given its small size. The use of a micropuncture wires has aided us in
this cannulation. This step is essential as the cannulation wire allows access to the aorta for the
balloon and perfusion cannula. Balloon angioplasty prior to perfusion is essential in our
experience, as the balloon dilation hypothetically creates endothelial disruption allowing elastase
perfusion to more readily enter the aortic media. Adequate perfusion is defined as a taut
segment of aorta without leakage or escape of fluid around the catheter or from the aortic wall.
Achieving adequate perfusion of elastase, while limiting total aortic cross clamp time to no longer
than 10 min, is essential for good aneurysm formation while simultaneously avoiding ischemic
complications. Limiting total aortic cross clamp time to less than 20 min for the entire procedure
and allowing adequate time for reperfusion in between balloon dilation and elastase perfusions
avoids the dreaded spinal ischemia complication. If adequate perfusion is not obtained, there is
likely a leak from somewhere in the perfused segment of the aorta, usually an inadvertent
aortotomy from the dissection or retrograde leak from the cannulation site. It is crucial to repair
any defect in the perfused segment to allow adequate perfusion of elastase. A vessel loop may
be wrapped just proximal to aortic cannulation site to prevent retrograde flow of elastase. Any
lumbar artery should also be temporarily clamped during perfusion to avoid elastase entering
the systemic circulation, which may cause a septic response in the swine.

Logical next steps for this model include testing novel therapies for the medical treatment of
AAA. As mentioned previously, there are no known medical therapies to attenuate or regress
aortic aneurysm growth and current definitive care involves open surgical or endovascular
approaches. Prior study has defined the roles of proinflammatory cytokines, Interleukin-1p (IL-1
B) and Interleukin-6 (IL-6) in the pathogenesis of descending thoracic aortic aneurysms and AAA,
and inhibition of these receptors may provide potential therapeutic avenues for the treatment
of these diseases'’'?. These studies have only been done in murine models so the next steps
should involve large animal models. Additionally, a large animal descending thoracic aortic
aneurysm is another avenue for future study. Due to differing embryologic origins, there are
inherent differences in the wall composition of the thoracic and abdominal aorta, leading to
differing pathophysiology of aneurysms in these two segments?°.

There are a few limitations of this model. First, since multiple interventions are employed, it is
difficult to determine which intervention contributes most to aneurysm formation. The amount
of pressure required to achieve an adequately elastase-perfused aortic segment is difficult to
measure, and may vary. This could affect the amount of elastase entering the aortic media and
subsequent aneurysm formation from one pig to the next. We are currently exploring a strategy
to address this. BAPN was mixed in with the pig’s food and swine intake in the perioperative
period may vary, altering the amounts of BAPN each pig ingests. Finally, this model requires many
resources and investment to be successful. This includes operating rooms, surgeons and
anesthesia providers, animal housing, post-operative care, and purchase of BAPN, which can be
prohibitively expensive. Each lab should carefully evaluate their resources and funding prior to
attempting this model.
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Overall, despite certain limitations, swine AAA with sequela of chronic disease can be created
reproducibly using a combination of BAPN, balloon angioplasty, elastase perfusion and topical
elastase application. This has important implications for translational research applicable to
human disease.
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Table of Materials

Name of Material/ Equipment

Arrow Ergo Pack System

Atlas PTA Balloon dilation catheter

Bovie electrocautery
Collagenase Type 1 (5 gm)
Crile Needle drviers
DeBakey Atraumatic Forceps
DeBakey Peripheral Vascular
Clamp

Glidewire

GraphPad Prism 6
Metzenbaum Scissors
Mayo-Hegar Needle Holder
Micropuncture Introducer Set
Mixter Forceps, Standard Grade,
Right angle
Monocryl suture
PDS Il suture
Porcine Pancreatic Elastase
Satinsky Vascular Clamps
Suction canister
Schuco Aspirator
Vicryl suture
Yankauer Suction tube

Company
Arrow
Bard

Bovie Medical
Worthington
MFI medical
MFI medical

Medline
Terumo
Interventional
Systems
GraphPad Software
Inc. La Jolla, Calif)
MFI medical
tiger medical
Cook

Cole-Parmer
Ethicon
Ethicon

Sigma-Aldrich
Medline
Cardinal Health

MFI medical

Ethicon
Sklarcorp

Click here to access/download;Table of Materials;Revision-JoVE AAA materials.xls

Catalog Number
CDC-21242-X1A

AT-120184

A2350
LS004196
61-2201
52-4977

MDS1318119

GS3506

61-0004
N407322
G47946

UX-10818-16
Y496G-BX
D8926
E0258-50 MG
MDs5632515
65651212
S430A
1789D-SD
07-1801

Comments/Description
Just need 7 Fr dilator

16 mMmmx4cmx 120 cm

outer Wire diameter 0.035 mm, Length 150 cm

statistical software

4-0 monocryl
Number 1 looped

2-0 vicryl

*


https://www.editorialmanager.com/jove/download.aspx?id=1057737&guid=e8937f93-f70b-4841-9ea0-ea905f287893&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1057737&guid=e8937f93-f70b-4841-9ea0-ea905f287893&scheme=1

Author License Agreement (ALA)

jove

tel. 817.94

VISUALIZED £ FERMaN TS WWw.|ove.com

Click here to access/download;Author License Agreement
(ALA);scan.pdf
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Title of Article:
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
MStandard Access

Item 2: Please select one of the following items:

D Open Access

MThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commaons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US51,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Response to
reviewers.docx

To whom it may concern,
Please find responses to all editor and reviewer comments below:
Editorial Comments

* 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. There should be enough
detail in each step to supplement the actions seen in the video so that viewers can easily replicate
the protocol.

1) 3.12: Mention suture style and suture types used.

Response: The suture style and types have been added.

* Protocol Highlight: Please highlight ~2.5 pages or less of text (which includes headings and
spaces) in yellow, to identify which steps should be visualized to tell the most cohesive story of
your protocol steps.

1) The highlighted steps should form a cohesive narrative, that is, there must be a logical flow
from one highlighted step to the next.

2) Please highlight complete sentences (not parts of sentences). Include sub-headings and spaces
when calculating the final highlighted length.

3) Notes cannot be filmed and should be excluded from highlighting.

Response: 2.5 pages of text have been highlighted including headings and spaces. Notes have
been excluded

* Results:
1) Are Mean £ SD reported? Or is this SEM? Mention statistical tests used and sample sizes.
Define the error bars in the figures as well.

Response: Aortic dilation was calculated as [(harvest infrarenal diameter — initial operative
diameter) x 100%] as described in section 5.4. Data are presented as mean + standard deviation.
Statistical tests used were fisher exact test or chi squared as appropriate, which has been added to
the beginning of the representative results section. Samples sizes have been added to the results
section as well.

2) Scale bars on the micrographs are too small to read. Please enlarge them.
Response: The figure legend states Scale bars, 500 pum.
« 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
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technique, 3) significance with respect to existing methods, 4) future applications and 5) critical
steps within the protocol.

Response: The discussion covers all of the above in detail and paragraph form.

* 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.1., LastName, F.I., LastName, F.I.
Article Title. Source. Volume (Issue), FirstPage — LastPage, doi:DOI (YEAR).]

Response: References now comply with JOVE instructions for authors.
2) Please spell out journal names.
Response: Journal names are now spelled out.

« 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 Telazol, Betadine, Atlas, etc

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.

Response: All commercial sounding language has been removed.

» 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]."

https://www.elsevier.com/about/policies/research-data.

Reviewer #1:

Manuscript Summary:

This is an excellent presentation of a research project to develop a novel robust model of AAA
by a strong investigative team with great experience in this area. Novel models in this area are
most welcome. The authors have done a great job of describing this important and unique model.
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Dissemination and reproducibility will be important to adoption of this model as potentially
more representative of the human disease.

Major Concerns:
None

Minor Concerns:

1. Step 3.5 and 3.6. These steps seem not to be in the correct order - please verify. Do you
transect the caudal mesenteric prior to cannulation with a micropuncture? How does one keep
adequate traction and control of this vessel for access with the micropuncture needle? It would
seem that isolation of the vessel, distal ligation without transection, and then access of the vessel
with the micropuncture would be technically simpler with proximal ligation after the access to
the aorta is completed. Please add some additional detail regarding the wire used to introduce the
balloon catheter. How long, what model/brand of wire, how far do you introduce, and is it 0.035
or 0.038 (is this the Glidewire referenced in the Table of Materials)?

Response: Thank you for your comments. Steps 3.5 and 3.6 are in the correct order. Prior to
using the micropuncture kits, we dissected and transected the caudal mesenteric artery in order to
cannulate it with a 0.035 inch guidewire, which proved to be exceeding difficult. We discovered
using a smaller micropuncture wire to cannulate the caudal mesenteric artery stump initially,
followed by serially dilating and exchanging wires was easier than using the bigger 0.035 inch
guidewire alone to cannulate the stump. We are able to maintain traction and control of the
vessel with the index finger and thumb as long as we ensure the caudal mesenteric artery stump
is long enough (~0.5 cm). There will be a small amount of bleeding during the cannulation,
however control is always maintained with the index finger and thumb. Undoubtedly, this is the
most difficult and critical portion of the procedure, but becomes routine with practice. Your
comment regarding assessing the vessel with the micropuncture kit first and then ligating the
artery after access to the aorta is complete is a sound one and we may consider that method in the
future. However, we have been able to successfully perform cannulation after transection and
have become quite adept at it. | have added the model/brand of wire to the Table of materials and
details on how far to introduce the wire to the protocol. The wire is 0.035 inch and is the
Glidewire referenced in the Table of Materials.

2. Step 3.9: This step is likely very, very important to the consistent performance of the model. A
pressure transducer or static column here would be helpful if it was used. More details about how
to maintain the correct pressure would be helpful. Please clarify whether the entire 30ml is
administered during this period, or only enough of that volume to keep the aorta appropriately
dilated.

Response: Again another excellent comment. Adequate perfusion is critical to achieving a good
infrarenal aneurysm. At the moment, we do not use a pressure transducer or static column, but
would be a good idea to use one in the future. Currently, we use constant manual pressure on the
syringe to administer the entire 30 mL of solution. Adequate perfusion is assessed using
observation, which includes making sure the segment is taught without leakage of fluid. Over the



course of the ten minutes, gradually elastase/collagenase solution can be observed “weeping”
through aortic wall. This has been added to the text.

3. Step 3.11: More detail regarding the surgical sponge would be helpful. Please describe how
many ply, how it is cut to size, whether the elastase is soaked in situ or whether the sponge is
soaked prior to placement, how exposure of nearby organs are protected, etc.

Response: The surgical sponge is nothing more than regular sterile gauze that is cut with
scissors to 2 x 5 cm rectangle and is placed in 20 mL of undiluted elastase. That gauze is then
wrapped on the intervened aorta. There is very little spillage of elastase to nearby organs or
vessels and the abdomen is irrigated with saline afterward to ensure no residual elastase remains.

4. Step 3.7: Please clarify whether "to profile™ refers to the nominal pressure of the balloon or
some other intraluminal pressure. Please rectify the apparent discrepancy between the diameter
of balloon (16mm) in this step and the diameter of balloon (18mm) in the Table of Materials. If a
4 cm balloon is used as noted in the Table of Materials, please note whether the proximal extent
of the balloon is always within the infrarenal segment of the aorta, or potentially extends
proximal to the renal arteries depending on the anatomy.

Response: The balloon is inflated to a constant pressure of 2 atmospheres. The diameter of the
balloon is 16 mm and this has been rectified in the table of materials. The 4 cm length of the
balloon remains in the infrarenal segment of the aorta.

Reviewer #2:

Manuscript Summary:

This is a well written animal model experiment. Well written and clear results. The form is a bit

unusual but very nicely written. I congratulate the authors.

Response: Thank you for your comment.



