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The Pathophysiology of Arteriovenous
Graft Thrombosis and Stenosis

Understanding the underlying challenges of an optimal access site.

WITH MITCHELL HENRY, MD

B Successful arteriovenous fistulas (AVFs)
require adequate arterial inflow. Is

this the same for arteriovenous grafts
(AVGs)?

AVGs also need adequate arterial inflow.
Arterial narrowing and calcification are relatively common
in patients with chronic kidney disease, especially those
with diabetes and hypertension.! Preoperative arterial
evaluation, including size and flow, is an important tool to
help choose optimal inflow.

When in doubt about the size of the artery for
the graft anastomosis, what are the options?
How small of an artery might you consider
trying for a graft anastomosis?

In general, preoperative arterial diameter = 1.5 mm
is adequate for an AVF, but one would ideally prefer
=2 mm. As important as size, a soft, compliant artery
is necessary for dilation and increased flow over time. A
noncompliant atherosclerotic artery is not able to dilate
to allow the fistula to mature over time to deliver proper
inflow. A technically adept surgeon can perform an AVG
anastomosis with a 2 mm artery, but again, ideally it would
be = 2.5 mm. The same issue in arterial quality is important
when choosing an artery for the graft inflow.

In addition to adequate arterial inflow, a
compliant vein is needed in order to have a
successful AVF. How does the quality of the vein
affect the function of a vascular graft? What is
the ideal size of a vein for the graft anastomosis?
A venous diameter of 2.5 mm at the anastomosis in
the hands of a skilled surgeon is desired for fistula or graft
creation. Venous size and quality should be assessed both
preoperatively and in the operating room at the time of
fistula or graft creation. One not only needs to consider the
quality of the vein at or near the anastomosis, but the entire
outflow tract all the way to the right atrium. In addition,
the size and angle of the anastomosis may be important
in optimizing flow. A group from Belgium has done an

elegant computerized study investigating the impact of
anastomotic size and the angle of placement of the vein on
flow in an AVF.2 Although these findings were in reference
to an AVF, in practice, one would strive to keep the angle as
acute as possible with either the vein (AVF) or graft (AVG)
anastomosis. My goal is to create an anastomotic length

of approximately 1.5 times the diameter of the artery. The
opening in the artery, when placing a graft, should match
the graft opening created by the angle fashioned, usually
not as acute of an angle as previously mentioned.

Without sufficient blood flow through an AVF
or AVG, the hemodialysis treatment may be
compromised and the fistula or graft may
thrombose. How do you verify which vessels
to use for fistula creation or vascular graft
implantation?

Evaluation of the patient for a hemodialysis fistula or
graft includes the patient's medical history, a thorough
physical examination, and preoperative vascular mapping
with duplex ultrasound. If any uncertainty remains, we do
more extensive arterial and/or venous evaluations with
the help of our radiology colleagues. This is especially
important for individuals who have had previous
attempts at creating peripheral access or central venous
manipulations.

How is blood flow through the graft assessed
in the operating room and during follow-up
appointments?

Historically, the fistula is evaluated by palpation
following reperfusion. A palpable thrill provides feedback
that there is good flow through the vein, and gentle
obstruction of the outflow vein results in a palpable pulse.
Absence of a palpable thrill may indicate a downstream
obstruction. Duplex ultrasound to assess the blood flow
through superficial vascular grafts or fistulas is relatively
easy and is a useful complement to physical exam. In
grafts, a stenosis may be present in a significant number of
patients with normal findings on simple clinical evaluation.
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Studies have also shown that when access flow is measured
repeatedly, the trends of decreasing flow add predictive
power for the detection of access stenosis or thrombosis.?

Speaking of blood flow, what is the ideal blood
flow range for an AVG?

A good general rule is that a graft should have at least
600 mL/min of flow to provide adequate dialysis and
ongoing patency. Grafts that fall below that number have
a high incidence of subsequent dysfunction or thrombosis.
A similar flow is desirable in AVFs, although chronically
developed fistulas may still function optimally and remain
patent, even if they fall below that number. Figure 1 gives
some general characteristics that result in the different
scenarios.

The literature states that graft thrombosis is the
cause of 80% of all vascular access dysfunction
in polytetrafluoroethylene (PTFE) dialysis
grafts.* Why is the graft thrombosis rate so high?
First, it is important to remember that cardiovascular
disease is the leading cause of death in patients undergoing
hemodialysis. A history of myocardial infarction or heart
failure leads to poor cardiac output, low heart rate, and
low systolic blood pressure (< 100 mm Hg), which may
result in insufficient blood flow, ultimately affecting AVF or
AVG patency. In addition, the graft vein interface is fraught

with changes in normal physiology including changes in
shear stress, compliance mismatching, and perianastomotic
vibration. These all contribute to changes in the venous
outflow, leading to neointimal hyperplasia, which may
significantly alter access flow, resulting in dysfunction or
thrombosis.

How important is blood pressure?
Hypertension is the single most important predictor
of coronary artery disease in uremic patients, even more
so than cigarette smoking and hypertriglyceridemia.®
However, even hypertensive patients can develop a
systolic pressure < 100 mm Hg, which may lead to graft
thrombosis. Blood pressure may be viewed as a surrogate
of cardiac output. Low blood pressure may be a reflection
of an abnormal pump. In addition, there are numerous
causes of low blood pressure, but some that may be more
likely with a hemodialysis patient include hypotension
during the dialysis session or a decrease in blood volume
due to dehydration. The incidence of intradialytic
hypotension is the most common complication of
outpatient hemodialysis; however, it is variable among
centers depending on the patient, dialysis prescription,
and center factors.® Dehydration may occur due to
medications such as diuretics. Hypotension can be caused
by other drugs that treat hypertension, heart medications
such as beta blockers, drugs for Parkinson's disease,
tricyclic antidepressants, narcotics,
and alcohol. Even over-the-counter
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Hemodialysis may activate
platelets by adherence to the
extracorporeal circuit. Proteinuria
in the nephrotic range may also
increase coagulation. Abnormal
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or lupus antibodies, von Willebrand
factor, and factor VIII procoagulant.

Figure 1. Access flow level guidelines for fistulas in adult patients (A). PTFE graft
access flow level guidelines in adult patients (B). Graphics used with permission of

Transonic Systems Inc.
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Historically, many studies have tried
unsuccessfully to link abnormal
coagulation parameters to graft
thrombosis. However, O’Shea et al



studied 31 patients who presented as repeat clotters and
found that 90% of the patients had an elevated factor VIl
level, 62% had elevated fibrinogen, and 42% had elevated
C-reactive protein.” Even so, searching for coagulation
disorders can be a resource intensive and disappointing
endeavor.

In > 90% of thrombosed grafts, the underlying
pathology is venous neointimal hyperplasia at
the venous anastomotic site or in the proximal
vein.? Recently, there have been reports of
growing evidence of arterial inflow stenosis.
What are your thoughts?

We do have a reasonable understanding of the
pathology and the pathogenesis of venous neointimal
hyperplasia and vascular stenosis in the setting of dialysis
access dysfunction.* We also now know that chronic
kidney disease promotes the development of arterial
wall lesions by modifications of calcium and phosphorus
metabolism, chronic inflammation, volume overload,
hypertension, and dialysis stress. Khan and Vesely noted
that in patients with PTFE AVGs, 28% of patients studied
demonstrated significant arterial inflow abnormalities.®
When doing evaluations for graft or fistula dysfunction it
is very important to study both arterial inflow and venous
outflow. As we often say, the clinician needs to consider
the entire vascular access circuit from the aortic valve to
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the right atrium. The presence of a stenotic or calcified
artery may jeopardize the surgeon’s attempt to create a
successful AVF or AVG and, importantly, may contribute
to dysfunction of an established access. m
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