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Clinical Perspective

Venous intimal hyperplasia (VIH) leads to stenosis in
veins used for bypass grafting in patients with atheroscle-
rotic vascular disease or in the venous side of arterio-
venous fistulae in hemodialysis patients. In the hemodi-
alysis population, estimated at over 230,000,1 VIH results
in vascular access failure, a major cause of patient mor-
bidity. In the United States, the yearly health care costs for
vascular access-related morbidity is well over one billion
dollars.2,3 Therefore, suitable models to study the patho-
genesis of this process are timely and will potentially lead
to novel therapeutic strategies to inhibit VIH. The purpose of
this commentary is to reflect on the functional significance
of the inflammatory gene expression changes in the model
for VIH described in this issue of The American Journal of
Pathology by Nath and colleagues.4

The Animal Model

The ideal animal model should be inexpensive, readily
available, and easy to implement while mimicking the
human pathology but developing lesions in a short period
of time. Both rodent and large animal models of VIH have
been developed that mimic the human lesion.5–9 How-
ever, most of these models require microsurgical exper-
tise, are expensive and are confounded by additional
variables such as the presence of foreign materials
(suture or synthetic grafts) that could influence the devel-
opment of the intimal lesion. In this issue, Nath and col-
leagues4 have described the pathology and proinflam-
matory changes in gene expression in a rat aorto-caval
model of an arteriovenous fistula. The model was first
described by Garcia and Diebold10 and as the authors
point out, has been widely used to study cardiac hyper-
trophy and cardiac failure,11,12 features that are not un-
commonly seen in hemodialysis patients with peripheral
arteriovenous fistulae.13 This model demonstrates neoin-
timal hyperplasia in the venous limb of the fistula, a
process that is clinically relevant and a significant prob-
lem in patients undergoing venous bypass grafts for cor-

onary artery disease as well as vascular access in hemo-
dialysis patients. More importantly, the simplicity of this
model and the absence of the use of artificial materials
such as sutures or synthetic grafts, provides great poten-
tial for the use of this model to explore mechanistic and
therapeutic interventions for VIH as summarized in Figure
1. Several factors such as the profile of gene expression
as described by the authors,4 hemodynamic stress, cir-
culating progenitor cells, the coagulation system as well
as other factors that address the mechanisms involved in
VIH could be explored. From a therapeutic standpoint,
the potential for gene therapy approaches, pharmacolog-
ical agents, stem cells and radiation are some avenues
that could be investigated using this model.

Gene Expression

The findings of alterations in gene expression, specifically
upregulation of monocyte chemoattractant protein-1 (MCP-
1), plasminogen activator inhibitor type-1 (PAI-1) and endo-
thelin-1 (ET-1) and down-regulation of transforming growth
factor- �1 (TGF-�1),4 before the development of histological
changes of neointimal hyperplasia, represent novel obser-
vations with potential therapeutic implications in developing
strategies to inhibit vascular restenosis. One could specu-
late that a therapeutic intervention to cause a reversal of
these changes ie, down-regulation of these and other pro-
inflammatory cytokines or adhesion molecules and early
activation of the TGF-�1 pathway may be beneficial in re-
tarding the progression of the intimal lesion. For example,
intercellular adhesion molecule-1 (ICAM-1) is upregulated
early in vein interposition grafts in wild-type mice. The func-
tional significance of such upregulation was shown by the
findings that ICAM-1-deficient mice have significantly less
intimal hyperplasia.14

The Lesion

The pathology of VIH is characterized by smooth muscle
cell migration and proliferation, monocyte/macrophage
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infiltration, extracellular matrix deposition and microves-
sel formation with varying degrees of thrombosis and
calcification.3,15 The process is a response to increased
pressure from arterial blood flow. The demonstration of
regression of VIH following reimplantation of vein grafts
into the venous circulation suggest that exposure to the
arterial environment is critical in lesion development and
progression.16 The mechanical force of arterial blood
pressure induces activation of adhesion molecules,
growth factors, cytokines, reactive oxygen species and
matrix proteins.3,14,17–19 Mechanical stress also activates
signaling cascades (eg, mitogen activated protein ki-
nases), that are essential stimuli for cell proliferation.20

While most of these studies were performed in vitro or in
isolated vascular segments, the results of Nath and col-
leagues demonstrate changes in inflammatory gene ex-
pression in vivo in the aorto-caval fistula model. A prom-
inent feature in human arteriovenous fistulae and in
murine models of VIH is the presence of abundant mono-
nuclear cell infiltration in the early stages of the lesion,
findings that correlate with the early upregulation of
MCP-1 described in the rat model.4

Circulating Progenitor Cells

A significant body of recent literature has focused on the
contribution of circulating progenitor cells, derived from
the bone marrow, in neointimal proliferation.21–24 It has
been recognized that these progenitor blood cells give
rise to endothelial and smooth muscle cells at sites of
injury to blood vessels. While most of these studies have
been done in neointimal proliferation seen in the arterial
circulation either following balloon injury or transplant
rejection, limited work exists in VIH. Diao et al25 have
performed a venous interposition surgery in an irradiated
wild-type mouse transplanted with bone marrow from a
transgenic green fluorescent protein (GFP) mouse in
which a segment of the internal jugular vein is used to
repair a defect created in the carotid artery. Twenty days

following the procedure, prominent VIH is observed re-
sulting in �50% narrowing of the lumen. Approximately,
10 to 15% of both endothelial and smooth muscle cells
within the intimal lesion were GFP positive suggesting a
contribution of bone marrow derived cells to the neointi-
mal lesion. Hu et al26 have provided evidence that both
donor and recipient derived cells contribute to smooth
muscle cell accumulation in a transplant vein graft model
of VIH. However, the contribution of donor-derived
smooth muscle cells in VIH is controversial.27

Where Do Recipient-Derived Cells in a
Transplant Vein Graft Model of VIH Come
From?

The site of origin for the recipient derived cells is not
entirely clear, but migration of medial smooth muscle
cells from the adjacent artery or circulating progenitor
cells are possible sources. The contribution of recipient
derived factors to the propagation of the intimal lesion
may explain why some local therapeutic interventions
aimed at the vessel wall have not been successful. How-
ever, while the presence of bone marrow derived cells in
neointimal lesions has been shown in transplant-related
or balloon/wire injury-induced neointimal proliferation, the
actual contribution and functional significance of such
cells in modifying the pathological process remains to be
determined.28

Venous versus Arterial Neointimal
Proliferation

It is important to differentiate between venous and the
more well studied arterial neointimal proliferation. As dis-
cussed in a recent elegant review by Roy-Chaudhury et
al,3 several factors including anatomical (poorly defined
internal elastic lamina in veins), physiological (low levels
of nitric oxide and prostacyclin, increased vasconstrictor
sensitivity), hemodynamic (compliance, turbulence and
shear stress) and dialysis-related factors (presence of
uremia, needle trauma) contribute to the more aggressive
venous lesion compared to arterial neointimal hyperpla-
sia. These differences could also account for the rela-
tively poor response and high restenosis rates following
angioplasty in VIH.3

Aorto-Caval Fistula in the Mouse

Guzman et al29 have recently reported the feasibility of
the aorto-caval fistula model in mice to evaluate the he-
modynamic changes and medial cell activation in the
mouse aorta. However, the inferior vena cava was not
examined in these studies. Given the availability of sev-
eral inbred lines of transgenic and knockout mice and the
inflammatory gene expression changes observed,4 tak-
ing the described rat model to mice will allow for evalu-
ating specific genes involved in the pathogenesis of VIH.
Combining a remnant kidney model with the aorto-caval

Figure 1. Schematic representation of the aorto-caval fistula model of ve-
nous intimal hyperplasia. This model will allow for further investigation of
both the mechanistic as well as therapeutic strategies aimed at inhibiting
venous intimal hyperplasia.
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fistula will allow for investigating the effects of uremia on
the progression of VIH.

Therapeutic Implications

While significant progress has been made in our under-
standing of the pathology and the pathogenesis of the
neointimal lesion, little success has been achieved with
regards to therapy. Most studies have focused on arterial
neointimal proliferation in the setting of restenosis follow-
ing balloon injury wherein the use of drug-coated stents,
gene therapy and radiation have shown promise. A large
number of pharmacological agents have been shown to
reduce stenosis in animal models, although no systemic
agent has yet proven effective in humans. Limited studies
have explored the use of therapeutic interventions be-
sides angioplasty and surgical repair in venous intimal
hyperplasia for dialysis access failure. External support
with stenting devices reduce VIH in vein grafts in animal
models,30 however studies using external cuffs in human
arteriovenous grafts have not shown encouraging results.
The incidence of thrombotic occlusions is reduced but
the patency rate is not improved.31

VIH causing venous stenosis and access dysfunction
is a major clinical problem in hemodialysis patients. De-
spite this complication, the native arteriovenous fistula
provides the optimal vascular access for hemodialysis
patients and serves as a “life-line” for these patients.31

The changes in inflammatory gene expression in the
model described reproduces many of the features of
human VIH and will be useful for our understanding of the
mechanism of VIH and to evaluate the effects of potential
therapeutic interventions.
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