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Abstract Intimal hyp erplasia is one of the prominent
failure mechanisms for arteriovenous fistulas and arterio
venous access grafts. Human tissue-engineered vascular
grafts (TEVGs) were implanted as arteriovenous grafts in a
novel baboon model. Ultrasound was used to monitor flow
rates and vascular diameters throughout the study. Intimal
hyperplasia in the outflow vein of TEVGs was assessed at
the anastomosis and at juxta-anastomotic regions via
histological analysis, and was compared to intimal hyper
plasia with polytetrafluoroethylene (PTFE) grafts in the
baboon model and in literature reports from other animal
models. Less venous intimal hyperplasia was observed in
histological sections with arteriovenous TEVGs than with
arteriovenous PTFE grafts. TEVGs were associated with a
mild, noninflammatory intimal hyperplasia. The extent of
intimal tissue that formed with TEVG placement correlated
with the rate of blood flow through tissue engineered
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vascular grafts at 2 weeks postimplant. Outflow vein
dilatation was observed with increased flow rate. Both
mid-graft flow rates and outflow vein diameters reached a
plateau by week 4, which suggested that venous remodeling
and intimal hyperplasia largely occurred within the first
4 weeks of implant in the baboon model. Given their
compliant and noninflammatory nature, TEVGs appear
resistant to triggers for venous intimal hyperplasia that are
common for PTFE arteriovenous grafts, including (1)
abundant proinflammatory macrophage populations that
are associated with PTFE grafts and (2) compliance
mismatch between PTFE grafts and the outflow vein. Our
findings suggest that arteriovenous TEVGs develop only a
mild form of venous intimal hyperplasia, which results
from the typical hemodynamic changes that are associated
with arteriovenous settings.
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Introduction
There are more than 347,000 patients on chronic hemodi
alysis [1]. Each year, more than 100,000 new end stage
renal disease patients begin therapy on hemodialysis [1].
Native arteriovenous fistulas have recently been the first
choice for access, but even with the best surgical care,
fistula prevalence is only 47% in the USA [2]. The
remainder of access is dependent on arteriovenous grafts
or catheters, with a preference for grafts when possible [3].
Currently, most arteriovenous grafts that are placed for
hemodialysis access are comprised of synthetic polytetra
fluoroethylene (PTFE). Synthetic arteriovenous grafts suffer
from significant drawbacks, which include a high rate of
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the venous setting, extremely low shear stress has been shown
to promote intimal hyperplasia in a rabbit model [35].
Substantial differences in hemodynamics exist between bypass
and arteriovenous grafts [15], and therefore, it is difficult to
extrapolate these findings to the arteriovenous setting.
The study described herein has several known limita
tions. First, this is an early study with a small number of
subjects. The trends observed are sensible, but we plan to
continuously monitor these trends in future animals as more
data on arteriovenous TEVG implantation is acquired.
Second, animals were treated with aspirin throughout the
course of this study, which has been shown to decrease
intimal hyperplasia [36]. However, aspirin therapy is
recommended clinically [37] and is used routinely in
preclinical models that study intimal hyperplasia, including
those referenced as benchmarks in this study [11, 22, 25].
The baboon model had clear benefits for evaluation of a
human vascular graft. Baboons are old world primates, which
are phylogenetically closer to humans than more common
cardiovascular large animal models, such as pigs, dogs, and
sheep. The concordant baboon model abrogated risk of
xenogenic immune response to a human cardiovascular
implant. Furthermore, the vascular anatomy of baboons was
large enough to support implantation of a 6 mm diameter graft.
In addition, the clotting and fibrinolytic systems of primates
are more closely related to humans [38]. Therefore, baboons
served as the best model for human-based cardiovascular
implants. In contrast, PTFE grafts are frequently evaluated in
animal models that are affordable and widely available
(e.g., pigs) because PTFE is not at risk of triggering a
xenogenic immune response.
The baboon model, however, also had clear limitations.
Primates are significantly more expensive to purchase and
maintain than any other animal [39], are difficult to handle and
maintain [40], and are limited in availability. In order to
circumvent the issues of high costs and limited animal
availability, we considered implanting a PTFE graft in the
contralateral arm of each animal. After careful consideration,
we did not pursue this strategy because implantation of two
high-flow arteriovenous grafts in each animal would lead to a
substantial increase in cardiac output, which would create a
real risk of heart failure. These limitations constrained our
ability to evaluate a large number of PTFE control grafts, so
only two control grafts were implanted. Therefore, in addition
to presenting data on these two control PTFE grafts in the
baboon model, we have presented data from literature reports
of arteriovenous PTFE grafts in porcine animal models.
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The correlation between early flow rates and intimal
formation may also translate to venous intima development
with fistulas and PTFE grafts. Only a handful of studies
have histologically analyzed intimal hyperplasia in fistulas
and PTFE grafts, yet these studies are primarily focused on
failed arteriovenous grafts or fistulas [10, 21, 23] since
functioning access sites are not explanted. Furthermore,
failed access sites are rarely removed. Thus, the insights
provided by this study can contribute the body of
knowledge regarding progression of intimal hyperplasia
and its triggers.
Use of TEVGs in a baboon arteriovenous model led to
mild, nonaggressive intimal hyperplasia that likely formed
within 1 month of implant. TEVGs are noninflammatory and
compliant, and thereby avoid two common triggers of
arteriovenous PTFE grafts for progression of intimal hyper
plasia. Histological assessments demonstrated that TEVGs
had less intimal hyperplasia than PTFE grafts. TEVGs that
resist substantial intimal hyperplasia could possibly provide a
new treatment option for patients with end stage renal disease.
Both reduced incidence of intimal hyperplasia failure and
slowed progression of intimal hyperplasia-related failure
could lead to a decrease in surgical intervention of arteriove
nous access grafts. Decreased surgical intervention, in turn,
could decrease overall end stage renal disease healthcare costs
and patient morbidity.
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