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1.0 SUMMARY 
This study was a unique in-vivo study that examined the long-term ability of novel antibiotic 
grafts to resist infection and maintain patency.  Our previous work had assessed a short < 1 
month model for survival; however, a variety of questions remained. These questions included 
what the long-term antibiotic sustained presence would be in a long-term survival model and 
whether the findings in our previous Dacron model could be translated to ePTFE, a more 
commonly used graft.  A 6-month survival model with 5 proposed groups that included sham, a 
positive control group ePTFE, a positive control group for Dacron, experimental group bonded 
with ePTFE, and an experimental group bonded with Dacron was developed with technical and 
veterinary staff; the longest survival models our group has used to date. To prevent substantial 
animal growth, feeding was limited in these test animals, a variance from previous survival 
models used. A prolonged period of non-surveillance was established to replicate normal daily 
activity following surgery.  At the 6-month endpoint, a necropsy was conducted.  However, due 
to unforeseen technical issues with animal growth, a number of amendments were necessary 
yielding an overall decreased number of total animals enrolled. While not ideal, we identified 
issues that would not have yielded meaningful results and worked with the IACUC to modify 
this study. A decision was made to remove the positive control Dacron group and experimental 
group bonded with Dacron. With such low number of test animals, a definitive comparison of 
groups could not be reached. However, none of the test animals with antibiotic-bonded vascular 
grafts (ePTFE) revealed infectious changes or showed evidence of rejection. 
    
2.0 INTRODUCTION 
Combat-related extremity vascular injuries represent a common cause of hemorrhage and loss of 
limb1. Diligent efforts to ameliorate the deadly impact of ballistic and explosive devices have 
yielded body armor that more effectively shields the head and torso but leaves the extremities 
vulnerable2. While this innovation contributes to a reduced rate of mortality in current conflicts 
relative to Vietnam, soldiers that would have otherwise likely perished now present with wounds 
in unprotected extremities3,4 There is a perception notion that an extremity can tolerate 6 - 8 
hours of ischemia, with little persistent functional deficit, allowing surgeons the opportunity to 
address orthopedic and other wounds preferentially or delay restoration of flow to the extremity 
until transportation to a facility with greater resources is possible5. The current clinical paradigm 
is for definitive vascular repair to take place at these better-equipped, higher echelon, military 
treatment facilities. There are times when combat-injured soldiers cannot tolerate the longer 
procedure needed to harvest veins or there is no vein available to restore blood flow to the limb. 
Typical reconstruction of choice is usually desired using a patient’s native vein. However, often, 
native veins are destroyed during explosive impact requiring instead the use of prosthetics for 
temporary repair with synthetic graft reconstruction. Additionally, infection remains a major 
subsequent complication when repairing these types of vascular injuries with either method. Our 
goal was to identify a usable infection-resistant graft for vascular repair that maintains patency 
and performs well long-term.  
 
Previously, our team developed a short-term, porcine vascular graft infection model to evaluate 
antibiotic-bonded Dacron, a woven nylon, ability to acutely withstand and maintain patency in 
an infected field. While that study did show improved patency, we did not evaluate the long-term 
performance of it nor did we compare its’ performance against other types of antibiotic-bonded 
synthetic grafts, otherwise known as ePTFE, particularly since PTFE remains the readily 
available graft in theater. This study was a natural continuation of ongoing efforts to examine 
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long-term patency and integrity of novel antibiotic-bonded vascular grafts as well as close 
military gaps on preventing wound infection and maintaining vascular access for the combat-
injured service member. Despite the challenges experienced with this study and the low number 
of test animals, the team noted that none of the test animals with bonded grafts (ePTFE) revealed 
infectious changes or showed evidence of rejection.  
 
3.0 METHODS, ASSUMPTIONS, AND PROCEDURES 
Methods: 
At the beginning of this study, our goal was to evaluate the long-term sustainability of antibiotic-
bonding to the graft and the long-term patency of the antibiotic-bonded Dacron and antibiotic-
bonded ePTFE at 6 months after insertion. A 6-month survival porcine model with 5 proposed 
groups that included sham, a positive control group ePTFE, a positive control group for Dacron, 
experimental group bonded with ePTFE, and an experimental group bonded with Dacron was 
developed with technical and veterinary staff; the longest survival model our group has used to 
date. We anticipated the use of 3 animals during model development and 6 animals in each of the 
groups for a total of 33 total animals (see Table 1).  
 

Groups 
Number of Animals 

Total SHAM 
(negative 
control) 

ePTFE 
(positive 
control) 

Dacron 
(positive 
control 

Antibiotic-
bonded ePTFE 
(experimental) 

Antibiotic-
bonded Dacron 
(experimental) 

Experimental 
development 

0 1 0 1 1 3 

Number of 
Animals 

6 6 6 6 6 30 

Total 6 7 6 7 7 33 

Table 1: Initial 6-month survival porcine model with 5 groups 
 
Following anesthesia, the iliac artery was surgically exposed through a small cut in the belly of 
the animal, a standard retroperitoneal exposure of the iliac vessels.   Following dissection and 
heparin therapy, a 2cm section of iliac artery was removed and reconstructed with a 6mm graft.  
Sham arms were also done in this fashion.  Genetically labeled bacteria (Polymicrobial wash 
containing Pseudomonas aeruginosa and Staphylococcus aureus) was placed into the region and 
on the grafts.  The animal was closed and monitored post-surgery.  Following postoperative 
monitoring (Days 1, 7, 14), the animals were sent to pasture for a total of approximately six 
months at which point they returned for evaluation and necropsy (Day 180). A prolonged period 
of non-surveillance was established to replicate normal daily activity following surgery.  Pre-
operative US, blood draws, and other testing were done and repeated at final necropsy as noted 
in Table 2.    
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 Preop Immed 
Postop 

POD1 POD7 POD 14 POD 180 Necropsy 

CBC X       
ABG X X      
Blood CX       X 
Doppler US X X X X X X  
Tarlov Gait Scale 
Measurement 

X X X X X X  

Path/Cultures       X 
Histology       X 

Table 2. Preoperative and postoperative testing protocol outcome measures 
 
Major Changes to Study Design: 
Despite food restriction, growth of the swine test animals was unprecedented in addition to other 
technical challenges. The long-term model was modified with the assistance of the IACUC to the 
following completion of the model development phase. A major amendment to the study 
included removal of the positive control group– Dacron and the experimental antibiotic-bonded 
Dacron group. Additionally, a reduction of overall animals approved (Table 3).  
 

Groups 
Number of Animals 

Total 
SHAM (negative 

control) 
ePTFE (positive 

control) 
Antibiotic-bonded 

ePTFE (experimental) 
 

Experimental 
development 

1 2 0 3 

Number of 
Animals 

3 1 2 6 

Total 4 3 2 9 

Table 3. Major amendment and change in enrollment number of study animals 
 
Assumptions: 
Porcine growth was anticipated with this study based on previous models; however, it was 
underappreciated and created a variety of technical challenges that required a reassessment of 
study groups and the feasibility of total animal enrollment. To address the concern for continued 
animal growth during the survival time period of six months, food restriction was implemented. 
By limiting overall growth, it was assumed that ultrasound evaluations of the vascular graft 
would be feasible and accurate. A second assumption was that reconstruction of the iliac artery 
could serve as the primary arterial flow to the leg which would aid in clinical identification of 
thrombosis.  
 
Major Study Endpoints: 
Our clinical endpoints were to obtain graft patency with ultrasound prior to necropsy, observe 
patency at necropsy and determine any evidence of remaining antibiotic on bonded graft and/or 
infection present using histopathology. The endpoints of this study relied heavily on our 
assumptions noted above and technical success of the implant.   
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4.0 MAJOR EVENTS/MILESTONES/SUCCESS 
• IACUC Approved, July 2016  
• Kick-off meeting conducted, September 2017 
• Model development and 2 test animals completed (Phase I –implantation), May 2018 
• Vast unexpected animal growth observed, April – August 2018 
• Multiple revisions and discussions with IACUC, July – September 2018 
• Major protocol amendment, August – September 2018  
• Phase II experiments (harvesting) completed November 2018 
• Pathology results received, February 2019 
• Data Analysis, February – June 2019 
• Study Closeout, June 2019 

 
5.0 RISK ASSESSMENT 
 
5.1 Risk Analysis 
The major risk for this study was rapid growth of animal body size experienced in previous 
models. To slow animal growth, we proposed limited feeding. Unfortunately, limited feeding 
was not enough to slow the growth of the animal in this study. The excessive body mass of each 
test animal created a need to reevaluate study design and our ability to conduct the necessary 
testing (i.e. ultrasound to evaluate graft patency) and graft harvesting.  
 
5.2 Technical Challenges 
This study attempted to examine the long-term ability of novel antibiotic grafts to resist infection 
and maintain patency. The length of study time and animal selected for this study proved 
challenging for this project and will need to be considered for any future or similar projects.  We 
fully appreciated that substantial growth would cause difficulty, but underappreciated the 
difficulty of handling such large animals.   The growth of the animals made Necropsy in an OR 
suite near impossible which compromised sterility. Fortunately, in this case, we do not believe 
surgical removal of the graft on the surgical floor due to animal size impacted primary endpoints.   
During the conduct of the study, obtaining reliable US imaging on animals this size proved to be 
equally challenging.  The iliac interposition is placed from a retroperitoneal position.  It appears 
that as the animal grows this section of vessel become relatively more proximal and enters an 
area near intersection of the torso and limb.  This makes US very difficult as the artery is turning 
and deep.  Previous models had not shown this issue, but this size and depth of what we 
visualized in this study was more distal than the actual interposition graft.  This observation was 
evident through differences noted between necropsy and US of the test animals on the final day.  
 
6.0 TRANSITION PLAN 
 
6.1 Military Relevance    
The military needs effective tools that can help prevent wound infections and improve limb 
salvage and vascular outcomes associated with ballistic and explosive events. Our goal was to 
evaluate an off-the-shelf, antibiotic-bonded vascular graft that could resist infection and maintain 
patency long term, ultimately improving overall patient outcomes and potentially fill these 
research gaps. This was the first and only study to date that has used an antibiotic-bonded 
vascular graft (bonded ePTFE) in a long-term model that complimented our previous short-term 
study with a related graft (bonded Dacron).  Although this study had tremendous limitations, we 
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can look at our previous short-term study Dacron results and postulate that the addition of 
antibiotic bonding to Dacron is safe in a live model and that even with time (6 months), the 
bonding process of antibiotics on graft material does not appear to cause harm.  While it is hard 
to promote additional long-term survival testing for this type of study, this project has positively 
promoted the use antibiotic-bonding on other materials such as Extracorporeal Membrane 
Oxygenation (ECMO) circuits and other types of indwelling equipment.  Furthermore, as we 
move into other studies looking at antibiotic-coating or antibiotic-bonded conduits, the particular 
lessons learned from this study should be strongly considered. 

 
6.2 Transition Strategy 
There are a variety of FDA-approved antibiotic medications that can be considered for bonding 
onto various conduits. For this study we maintained a relationship with MD Anderson; the 
bonding process is their intellectual property.  Although further animal studies will not be 
continued, our refinement of technical application in sewing these grafts should not be 
overlooked. During our last discussion regarding this product, MD Anderson was in active 
discussion with industry for potential clinical trials for compassionate use application in humans. 
We anticipate that in the near future, antibiotic-bonded grafts will be made available for trauma 
and vein-limited patients. From a practical standpoint, this option is appropriate for patients 
initially bypassed in theater. Even if this type of graft is used in temporarily, the potential for 
improved patient outcomes in a far forward care setting is promising. 
 
7.0 RESULTS 
The initial protocol submission received local Institutional Animal Care & Use Committee 
(IACUC) approval in June 2016. Following experimental development, we completed graft 
insertion for 2 subjects using negative control (sham), 1 subject for positive control PTFE, and 2 
subjects experimental antibiotic-bonded ePTFE. Of the 5 subjects, one of the negative control 
(sham) subjects was euthanized 14 days postoperatively for respiratory distress. Of the remaining 
4 subjects, the positive control PTFE subject was euthanized postoperatively within 24 hours of 
surgery due to bilateral sciatic hematoma complications. The remaining 3 subjects reached day 
180. Ultrasound conducted was difficult and necropsy had to be completed on the surgical floor 
due unanticipated subject weight. After IACUC amendments were complete, 4 additional 
subjects were completed: 2 negative controls (sham) and 2 positive controls (ePTFE). Of the 2 
positive controls, 1 subject was euthanized on postoperative day 4 for respiratory distress. The 
remaining 3 animals reached day 180. At the end of the study, 6 total subjects’ data were 
evaluated. Ultrasound conducted remained a difficult task and necropsy had to be completed on 
the surgical floor due to unanticipated subject weight. 
 
8.0 CONCLUSION/DISCUSSION 
The aims of this study were to evaluate the ability of antibiotic-bonded vascular grafts to 
withstand a polymicrobial infection and remain patent in a contaminated field compared to the 
current grafts available. Of the results available, necropsy of the sham subjects were able to 
maintain patent vessels but had an immense inflammatory response.  Interestingly, no abscess 
collections were seen in the specimens, which likely shows the immune response of swine.  In 
the positive control subjects, the graft specimens had more inflammation, but this is not unusual 
or unexpected since foreign bodies often enhances inflammatory response.  However, notably, 
the positive control subjects showed no evidence of abscess, fluid, or overt infection.  Pathology 
results indicate mineralization but no neutrophil evidence or other infectious changes.  It would 
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be of interest to know whether these findings were due to the unique swine immune response. 
We do know from our previous study and other historical studies that non-bonded Dacron graft 
sites do become infected, and that typically, the presence of a foreign body heightens the chance 
of infection.  With such a low completion number for our subjects, definitive conclusions cannot 
be made. However, of the subjects that were complete, none of the antibiotic-bonded grafts 
revealed infectious changes.  Additionally, none of the subjects showed evidence of rejection of 
the antibiotic-bonded material. 
 
 Important lessons were learned in this study that impact a long-term study using this 
animal model. Our experience noted that Yorkshire swine are not a good choice for long-term 
projects, particularly if necropsy is needed.  The starting size makes them ideal for 6mm grafts; 
however, their final size at 6 months is prohibitive and frankly, too heavy for the OR tables to 
sustain. Limited feeding to slow swine growth is good in theory but extremely difficult in 
practice.  In fact, we noted that one particular animal grew more readily and was essentially 
domesticated by six months.  
 
9.0 DELIVERABLES 
To date, we have not published any articles; however, we have shared our technical experience 
with others, namely the team at MD Anderson. The information we provided was deemed 
helpful as they move toward a clinical trial geared toward trauma and compassionate use in 
humans. Based on the results received and low number of enrolled subjects, we do not anticipate 
a manuscript for publication; however, a technical paper may be considered describing surgical 
technique of vascular graft replacement and removal in challenging environments.   
Since completion of our project, additional studies using large swine have been developed and 
planned for other materials.  This study has served to provide lessons learned and issues of 
consideration during the planning of those studies to avoid similar outcomes.  
 
10.0 COST 
AC6 funding received ($150K) at the 59 MDW 23-Jun-16. AC7 Funding received ($153K) at 
the 59 MDW 8-Aug-17. 
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12.0 LIST OF SYMBOLS, ABBREVIATIONS, AND ACRONYMS 

59th MDW/ST 59th Medical Wing, Office of the Chief Scientist 
ABG   Arterial Blood Gases 
AFMSA  Air Force Medical Support Agency 
Blood CX  Blood Cultures 
CBC   Complete Blood Count 
cm   centimeters 
Dacron   Polyethylene terephthalate 
Doppler US  Doppler Ultrasound 
DTIC   Defense Technical Information Center 
ECMO   Extracorporeal Membrane Oxygenation 
EM   Expeditionary Medicine 
ePTFE   Expanded Polytetrafluoroethylene 
FDA   Food & Drug Administration 
FY   Fiscal Year 
IACUC  Institutional Animal Care and Use Committee 
mm   millimeters 
OR   Operating Room 
Path   Pathology 
PI   Principal Investigator 
POD   Postoperative Day 
PTFE   Polytetrafluoroethylene 
SG5   Office of the Surgeon General Medical Operations and Research 
US   Ultrasound    
 

 


