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ABSTRACT

 

Vascular access thrombosis in the hemodialysis patient leads to
significant cost and morbidity. Fistula patency supersedes graft
patency, therefore obtaining a mature functioning fistula in
patients approaching end-stage renal disease (ESRD) by early
patient education and referral needs to be practiced. Current
methods to maintain vascular access patency rely on early

detection and radiologic or surgical prevention of thrombosis.
Study of thrombosis biology has elucidated other potential
targets for the prophylaxis of vascular access thrombosis. The
goal of this review is to examine the current available methods
for vascular access thrombosis prophylaxis.

 

A patent vascular access is key for maintenance hemo-
dialysis. Access thrombosis is a costly threat to patency
in association with significant morbidity to the patient.
Native fistula patency is significantly better than synthetic
grafts and should be considered as the first method in
maintaining long-term vascular access patency (1). How-
ever, with a growing elderly, diabetic, and female dialysis
population, obtaining a mature and functioning native
fistula can be challenging. Many have small-caliber vessels.
In addition, arterial disease or repeated venipuncture
injury to native vessels precludes appropriate fistula devel-
opment. The mainstay of vascular access thrombosis pro-
phylaxis currently relies on early detection of pending
thrombosis. Monitoring venous pressures or access flow
rates with techniques such as thermodilution and duplex
Doppler ultrasound can be useful for screening early
access failure (2–5).

Subsequent radiologic or surgical intervention with
angioplasty, stenting, or revision can prevent an impend-
ing thrombosis (6,7). While surveillance and early inter-
vention can prevent the immediate morbidity of urgent
acute vascular access placement, hospitalization, or missed
treatments associated with sudden access thrombosis,
long-term access patency after interventional proce-
dures, particularly for polytetrafluoroethylene (PTFE)
grafts and basilic vein transposition fistulas, remains
poor (8).

Vein outflow stenoses are the primary reason for vas-
cular access thrombosis, with intimal hyperplasia of the
draining vein identified as the most frequent culprit (9).
Studies evaluating the pathobiology of access throm-

bosis suggest a procoagulant environment resulting from
endothelial damage, inflammation, and intrinsic deficiency
of antithrombotic factors adding to the mechanical
obstruction associated with intimal hyperplasia. A better
understanding of the various factors associated with
access thromboses can open new doors for possible
medical interventions in conjunction with current
screening and interventional methods to prevent access
thrombosis. This article summarizes current concepts
and suggested prophylaxis underlying access thrombosis
and its prevention.

 

Native Fistula Placement: The First Prophylaxis 
Against Thrombosis

Why a Fistula?

 

While many factors, including appropriate arterial
inflow, compatible venous outflow, and the skill of the
surgeon creating the access, are important in the creation
of arteriovenous fistulas (AVFs), it is clear that native
fistulas have a longer patency life even after adjustment
for age (10,11). In addition, infection, complication, and
mortality rates are lower in AVFs in comparison to arterio-
venous grafts (AVGs) (12). Unassisted fistula patency in
2 years is close to 73–75%, compared to 22–25% for
AVGs (13). Cumulative patency for grafts can increase to
50% at 2 years, but requires three times as many inter-
ventions to keep the graft patent (13,14).

Fistula maturation failure may be problematic, particu-
larly in elderly, female, or diabetic patients or in patients
with underlying vascular disease. Therefore securing a
patent fistula for dialysis should begin early and occur
prior to dialysis initiation. Dual lumen tunneled catheters
have the lowest unassisted patency rate of 9% per year.
In addition, these catheters often provide inadequate
dialysis and are associated with a high infection rate.
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Complications of vein stenosis, thrombosis, and limb
edema can compromise fistula and graft placement.
Maintenance long-term hemodialysis with these cathe-
ters should be avoided whenever possible (15).

 

Optimizing Fistula Placement

 

A team approach, with the goal of securing a function-
ing AVF, between patient, nephrologist, interventionalist,
surgeon, and dialysis staff may be the best approach in
increasing fistula creation so that all involved understand
the importance of timely and appropriate assessment and
placement. Factors suggested to improve placement of a
functioning mature fistula are early referral to a nephro-
logist, patient education, and protection of forearm and
central vein vasculature from repeated cannulation injury,
preoperative venous mapping to optimize the location
and type of fistula placement and to rule out possible out-
flow obstruction, aggressive salvaging of immature fistulas,
adequate maturation time, and dialysis staff expertise
with fistula cannulation (16,17). Experience in Europe,
where the majority of dialysis accesses are fistulas, rein-
forces this belief (17).

Early referral of the chronic kidney disease (CKD)
patient allows patient education to begin immediately
regarding appropriate vascular care for fistula creation,
in addition to long-term care of this important lifeline.
Early referral also allows for adequate fistula maturation
time and avoidance of temporary access placement.
Avoidance of temporary central vein cannulation can
prevent future central vein stenosis and vascular access
compromise.

 

Fistula Site: Differences in Thrombosis Rates?

 

While the site of fistula creation is primarily a surgical
decision, the forearm radiocephalic fistula is frequently
the initial preferred site if appropriate vascular integrity
is present. If maturation does not occur, then salvage of
the fistula or fistula placement at another site needs to be
considered (18). Brachiocephalic fistula placement may
be preferred to transposed brachiobasilic fistulas as they
are less likely to fail once matured. A 1 year thrombosis-
free survival of 77–93% is noted with brachiocephalic
fistulas when maturation failure is excluded (8). With
maturation failure and thrombosis combined, there is
little difference in fistula patency between brachiocephalic
and transposed brachiobasilic vein fistulas (8), suggest-
ing the possibility of earlier thrombosis with brachio-
cephalic fistulas. Radiobasilic fistulas also have similar

patency to brachiobasilic fistulas, although early throm-
bosis may also occur with slightly more frequency, but
can be treated with secondary intervention (19). Assisted
patency of transposed brachiobasilic vein fistulas is
reported to be approximately 64–66% at 1 year, 53–
58% at 2 years, and 43% at 3 years (20–22).

Increasing age (greater than 60 years), previous vascu-
lar access, and obesity are associated with greater risk of
primary failure and need to factored in when considering
transposition fistula placement (20,23). Complication
rates as high as 55–69% were noted, consisting of
thrombosis, infection, stenosis, arm edema, bleeding,
steal syndrome, and microaneurysms. Basilic vein trans-
position fistula placement may still be preferred, how-
ever, to synthetic upper arm graft placement, given the
lesser likelihood of thrombosis and infection (8,21,22).

 

Thrombosis Biology

 

Studies investigating the pathobiology of vascular access
thrombosis suggest that the endothelial repair response
to injury in the face of excess growth promoters, inflam-
mation, and oxidative stress leads to luminal hyperplastic
intimal growth. In the presence of a prothrombotic envi-
ronment in the renal patient, vascular thrombosis can
ensue (Fig. 1).

 

Endothelial Response to Injury

 

The typical lesion of access thrombosis is neointimal
vascular smooth muscle cell proliferation in the anasto-
motic draining vein. This can occur in response to endo-
thelial injury (24) during graft or fistula placement
secondary to foreign body reaction, pulsatile sheer stress,
excessive stretch from mismatch of elastic properties of
the artery and vein, and repeated vein cannulation injury.
Approximately 50–70% of lesions are within 3–5 cm of
the vein anastomosis (13).

A haphazard hyperplastic smooth muscle response of
the intima with angiogenesis occurring in both intima
and adventitia is associated with the presence of macro-
phages and cytokines, including basic fibroblast growth
factor (bFGF), platelet-derived growth factor (PDGF),
and vascular endothelial growth factor (VEGF) (25).
Increased interleukin (IL)-1

 

β

 

 and tumor necrosis factor
(TNF)-

 

α

 

 may act to increase endothelial prothrombotic
production of IL-6 and plasminogen activator inhibitor
(PAI)-1, intracellular adhesion molecule (ICAM)-1, and
vascular endothelial cell adhesion molecule (VCAM)-1
(26,27). Transforming growth factor (TGF)-

 

β

 

 and PDGF

Fig. 1. Vascular endothelial injury incites growth promotors, growth inhibitors, inflammation, and oxidative stress during the process of repair and
leads to vascular intimal hyperplasia. In the presence of thrombotic factors in patients with kidney failure, vascular access thrombosis can ensue.
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are both found at the venous anastomotic site (28). TGF-

 

β

 

 promotes fibronectin and collagen expansion. Higher
TGF-

 

β

 

 excretion appears to be associated with lower
primary access patency (29).

With endothelial injury, there is exposure of the endo-
thelial basement membrane and extracellular matrix that
activates platelets. As a result, smooth muscle cell proli-
feration promoters, including thromboxane A2, serotonin,
and PDGF, are released (30). Shorter access survival was
noted with elevated numbers of circulating activated
platelets (31). Vascular injury initiates the extrinsic clot-
ting cascade via release of von Willebrand factor and PAI-1
with an increase in thromboplastin tissue factor (32).
Engraftment injury creates an environment in which
growth promoters such as endothelin (33,34), PDGF,
bFGF (35), and angiotensin (36) are increased over
growth inhibitors such as heparan sulfate (37) and nitric
oxide, as can be seen with saphenous vein grafts (24,38).
Nitric oxide production also appears to decline with
progression of renal failure (39).

 

Inflammation

 

In addition to injury, a state of underlying chronic
inflammation and oxidative stress may add to endothelial
dysfunction and injury. The presence of renal failure is
associated with a state of chronic inflammation (40).
Increased levels of inflammation markers including C-
reactive protein (CRP), IL-6, and soluble TNF are present
in individuals with reduced renal function (41–45).
Hypoalbuminemia in dialysis patients is likely the result
of chronic inflammation and is associated with a greater
risk for thrombosis (46,47). Inflammation can alter the
expression of vascular and platelet adhesion molecules
(48).

Evidence for oxidative stress, such as increased
advanced glycation end-products (49) and decreased
concentrations of endogenous antioxidants (50), are also
noted in end-stage renal disease (ESRD) patients. Expo-
sure to dialysis membranes was suggested as contribut-
ing to underlying oxidative stress and inflammation.
Tissue inflammation and oxidative stress injury associ-
ated with uremia increase the expression of proteins (51)
and growth factors associated with intimal hyperplasia such
as endothelin-1 (34). A uremic milieu is also associated
with hypofibrinolysis and elevated plasma inhibitors of
tissue activator of plasminogen (PAI-1) (52), thereby
contributing to a prothrombotic environment.

 

Prothrombotic Factors

 

Recent studies also note a greater prevalence of anti-
protein C and antiprotein S antibodies in dialysis patients
with vascular access thrombosis, suggesting a role for
hypercoagulability in addition to endothelial injury and
inflammation (53). Elevated antiphospholipid antibodies
were also found in patients on dialysis, however, a caus-
ative role for these antibodies in vascular access throm-
bosis still needs clarification (54–58). A homozygous
mutation of factor V Leiden gene is associated with
increased vascular access thrombosis, although this risk
is not translated to heterozygous patients with this

mutation (59). In vitro studies demonstrate that hyper-
homocysteinemia can induce vascular smooth muscle
cell proliferation, while folate inhibits this proliferation.
ESRD is associated with elevated serum homocysteine
levels. Proportional hazards modeling revealed a 4%
increase in the risk of access thrombosis for every 1 

 

µ

 

mol/L
increase in predialysis plasma homocysteine levels in
hemodialysis patients with a fistula or prosthetic graft
followed for 18 months (60).

 

Thrombosis Prophylaxis: What Can We Do?

Screening for Access Flow Alterations

 

Flow abnormalities frequently occur when significant
outflow (or less commonly, inflow) stenoses are present
within the vascular access. Early detection of access
stenoses may allow for early intervention to prevent
access thrombosis (61). Findings of a high-pitched dis-
continuous harsh bruit over the access on physical exam-
ination or progressive edema of the access limb can be
seen on occasion, but are not always evident or reliable.
Similarly urea recirculation and unexplained decreases
in delivered dialysis dose are also used to identify access
dysfunction, though they are quite late manifestations of
access dysfunction reflecting very low access blood flow.

Static and dynamic venous pressure measurements are
also used to screen for access stenosis. A static venous
pressure measurement is the sum of the venous pressure
(with the blood pump off) and the height difference
between the venous drip chamber and access site. The
static venous pressure normalized to the patient’s systolic
blood pressure yields a static venous pressure ratio
(62,63). A ratio greater than 0.4 has been shown to predict
access stenosis (62,63). Dynamic venous pressures are
venous pressures recorded during the dialysis procedure.
Recorded dynamic venous pressures greater than 150
mmHg taken during steady blood flow rates of 200–225
mmHg when the patient is cannulated with a 16-gauge
needle suggest access outflow venous stenosis. Both pro-
spective and retrospective studies using this criteria for
noninvasive screening of stenosis were able to detect
stenosis in approximately 85% of grafts (2,64). With the
development of collateral venous circulation of some
accesses, the presence of significant stenoses can fre-
quently be missed by this method (64). Dynamic venous
pressure measurement performed at higher blood flow
rates (300 and 400 ml/min) increase line resistance and
pressure and are not reliable for the detection of an
underlying increase in access resistance that character-
izes outflow stenosis (64).

Ultrasound and thermodilution flow measurements of
access flow are utilized by many to screen for access
stenosis (5,65–67). A low access blood flow rate or a
decline from baseline flow measurements of 15% by the
ultrasound dilution method should prompt a fistulogram
to look for significant luminal narrowing (5). While access
monitoring can prevent impending thrombosis, long-term
access patency appears to be unaffected (68,69). Whether
this is the result of repeated vascular injury from inter-
vention salvage procedures still needs to be investigated.
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Intervention with Angioplasty, Stents, or 
Revision

 

Luminal narrowing of 50% or more, particularly in the
presence of clinically low dialysis flow or clearance
parameters, generally requires percutaneous translumi-
nal angioplasty (PTA) of the stenoses. While access use
is prolonged in the short term, restenosis frequently
occurs, with 6 month patency as high as 60% (13,70).
Repeat PTA intervention is often necessary. However,
with each PTA intervention, interval patency diminishes
(71). While stent placement to avoid elastic recoil after
PTA seems logical, bare metal stent placement was not
successful in increasing overall patency when compared
to PTA alone (72). However, drug eluting stents may
have potential in improving access patency. Sirolimus-
coated stent use showed 77% improvement in intimal
hyperplasia, with greater luminal diameter and improved
graft flow compared to nonstented controls in porcine
AVGs (37). Their potential benefit in hemodialysis
patients needs to be tested. Recent animal studies using
paclitaxel-coated stents (an antiplatelet inhibitor) also
showed marked improvement in intimal hyperplasia of
AVGs (73). Further studies may prove this to be an added
tool in the prevention of access thrombosis.

Access salvage with revision may need to be consid-
ered in those accesses that have undergone multiple PTA
procedures. While the use of tapered grafts to decrease
flow turbulence and abnormal sheer stress at the venous
anastomosis seem to be promising, a recent trial did not
suggest a benefit in long-term vascular access patency
(74).

 

Medical Intervention

 

With a greater understanding of the molecular aspects
of endothelial injury and intimal hyperplasia, investiga-
tions with various pharmacologic agents in preventing
access thrombosis have begun.

 

Antiplatelet Agents

 

Platelet activation from endothelial injury may play an
important role in stimulating platelet aggregators such as
PDGF and thromboxane A2, in addition to directly stimu-
lating vascular intimal proliferation. Therefore the thera-
peutic potential of antiplatelet agents including aspirin,
sulfinpyrazone, dipyridamole, and ticlopidine were tested.
A double-blind randomized trial using the antiplatelet
agents dipyridamole and aspirin evaluated the rate of
thrombosis in both newly placed and previously placed
PTFE grafts. This study suggested beneficial effects of
using dipyridamole alone in newly placed AVGs, how-
ever, no benefit in graft thrombosis rates with the use of
dipyridamole alone or in combination with aspirin were
found in prevalent grafts (75).

Aspirin was found to improve secondary or assisted
patency for AVGs on adjusted Cox regression analysis in
the Dialysis Outcomes and Practice Patterns Study
(DOPPS) database (76). Ticlopidine use in a randomized
study of 107 patients with Scribner shunts and AVGs

suggested decreased clotting frequency (77). A small
pilot study of 15 patients with recurrent vascular access
thrombosis using low-dose aspirin (85 mg) and sulfin-
pyrazone (200 mg) three times a day over 12 months
showed a 65% decrease in thrombosis rate, but bleeding
was noted to be a significant complication (78). Similarly
a randomized double-blind placebo-controlled study to
evaluate the effect of aspirin (325 mg) and the thienopy-
ridine clopidogrel (75 mg) on the prevention of AVG
thrombosis was terminated early by the study’s safety
monitoring board because of increased bleeding risk
(79).

These data suggest that antiplatelet agents appear to
have a role in the prevention of AVG thrombosis, with
dipyridamole used for newly placed grafts and aspirin
for secondary AVG patency. Currently the National Insti-
tutes of Health (NIH)-sponsored Dialysis Access
Consortium is conducting an ongoing double-blind
multicenter randomized evaluation of clopidogrel in
AVF patency, and slow release dipyridamole (200 mg)
and low-dose aspirin (25 mg) on primary unassisted
AVG patency.

 

Fish Oil

 

With increased oxidative stress and decreased concen-
trations of endogenous antioxidants in renal failure, the
possible use of antioxidants may improve vascular access
thrombosis. Since 

 

ω

 

-3 fatty acids decreased growth factor
and cytokine release from platelets and inflammatory
cells, and inhibited smooth muscle cell growth in addi-
tion to improving turbulence by modifying endothelial
membrane fluidity, fish oil was evaluated in a random-
ized blinded prospective fashion in 24 patients with
newly placed AVGs (80–82). This study revealed signifi-
cant improvement in graft patency rate, with 75.6% in
the treatment group compared to 14.9% in the control
group at 1 year follow-up after enrollment closure (83).
A larger multicenter trial using fish oil as prophylaxis for
access patency is under way in Canada. This will further
delineate the role of fish oil with maintenance of long-
term vascular access patency.

 

Angiotensin-Converting Enzyme Inhibitors

 

Intimal smooth muscle hyperplasia is induced by
growth promoters such as angiotensin II. Angiotensin-
converting enzyme (ACE) inhibitors blocked smooth
muscle proliferation in animal studies of arterial injury
after balloon angioplasty (24,36). The use of ACE inhib-
itors is common in renal patients with numerous cardio-
vascular comorbidities. Therefore the effect of this
medication on AVGs was also evaluated. Single-center
retrospective studies suggested improved AVG and AVF
patency in patients using ACE inhibitors for other rea-
sons (84–86). Patients with AVG on ACE inhibitors have
a relative risk reduction of 53% compared to those not
taking ACE inhibitors (84). Japanese investigators evalu-
ating ACE inhibitor therapy on AVF patency noted an
odds ratio of 1.79 for fistula occlusion in those not taking
ACE inhibitors (86). The DOPPS database of patients on
ACE inhibitor therapy with both AVG and AVF suggests
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no benefit in either primary (unassisted) or secondary
(assisted) AVG patency (76). However, there appeared
to be a 44% risk reduction benefit for secondary AVF
patency with ACE inhibitor use in the prevalent dialysis
population. Recently we completed a randomized placebo-
controlled trial evaluating the effect of ACE inhibitors
in AV access patency that may be helpful in further
determining whether this class of medication prolongs
access patency.

 

Calcium Channel Blockers

 

Retrospective medication analysis of large datasets
revealed that calcium channel blockers may exert a sig-
nificant positive effect on new graft survival, particularly
in diabetic patients (87). This was also seen in the
DOPPS study evaluating various drugs used in relation
to vascular access thrombosis, where a significantly
lower risk of 14% was noted for primary unassisted AVG
patency (76). Randomized prospective studies need to be
done to better delineate the use of calcium blockers in
dialysis access thrombosis prevention.

 

Anticoagulants

 

Thrombosis prophylaxis using anticoagulants becomes
important in the face of underlying thrombophilia. Dial-
ysis patients with a propensity for thrombotic events,
including deep vein thrombosis, pulmonary embolus, and
repeated vascular and vascular access thrombosis, should
be evaluated for hypercoagulability. A case-control
study evaluating the association of a thrombophilic
disorder in dialysis patients noted that 55% of patients
with access thrombosis had evidence of at least one of the
disorders tested, including factor V Leiden, prothrombin
gene mutation, factor XIII genotype, methylenetetrahy-
drofolate reductase genotype, lupus anticoagulant, ele-
vated concentrations of anticardiolipin antibody, factor
VIII, homocysteine, and lipoprotein (a). Approximately
39% of those without access thrombosis also had throm-
bophilia (88). A study evaluating the use of warfarin,
unfractionated heparin, and low molecular weight
heparin in dialysis patients with recurrent vascular throm-
bosis noted that 19 of 29 patients did not have throm-
bosis recurrence over a 7 month median follow-up period,
however, bleeding risk was significant (89).

These studies, while not randomized trials, suggest
that recurrent access thrombosis should prompt evalua-
tion for possible underlying thrombophilia. Furthermore,
treatment for thrombophilia in the dialysis patient using
anticoagulants must be carefully individualized and
monitored given the high bleeding risk in dialysis
patients.

 

Other Medical Therapies Under Investigation

 

While several cross-sectional, cohort, and retrospective
studies did not show an association of vascular throm-
bosis and elevated serum homocysteine levels (90–92),
other prospective studies noted an increase in both AVG
and fistula thrombosis with elevated homocysteine levels
(60,93). A multicenter randomized placebo-controlled

Veterans Affairs cooperative trial evaluating the effect of
high-dose folate (40 mg) and vitamin B supplementation
in the treatment of hyperhomocysteinemia on cardiovas-
cular outcomes and thrombosis in chronic renal failure
and dialysis patients (HOST trial) is currently under way
(94). This trial may provide further information regard-
ing thrombophilia and prophylaxis for vascular thrombosis
associated with elevated homocysteine levels.

Matrix metalloproteinase inhibitors (MMPi) decrease
vascular smooth muscle migration and arterial and venous
neointimal hyperplasia. Porcine models with AVG inti-
mal hyperplasia receiving MMPi had a 52% decrease in
intimal hyperplastic growth (95). Further evaluation of
this treatment may add to current pharmacologic strate-
gies to improve access patency.

 

Newer Endovascular Strategies to Prevent 
Vascular Thrombosis

 

Inhibiting intimal hyperplastic growth after endothe-
lial injury after angioplasty or stent placement was achieved
with endovascular radiation in animal studies (96). AVG
intimal hyperplasia was minimized in animal models
(97). Local ionizing radiation causes single- and double-
stranded breaks in the purine and pyrimidine bases,
thereby preventing vascular smooth muscle cell prolifer-
ation (37). This prompted a multicenter randomized trial
of brachytherapy on access patency that is in progress
(98).

Local photodynamic therapy uses the concept of accu-
mulating a photosensitizer at the target vascular smooth
muscle cells of the affected vasculature. Monochromatic
light then activates this light-sensitive compound to
produce free radicals that inhibit intimal hyperplasia
(37,99). This concept is still being tested in animal models
(99).

With developing technologies in gene therapy, the
potential to manipulate local cytokine and growth factors
by overexpressing inhibitors of intimal hyperplasia are
being investigated. Adenoviral vector delivery of C-type
natriuretic peptide in the periadventitial area of porcine
AVGs to decrease adventitial fibroblasts reduced venous
medial thickening and luminal diameter (100). This
prompted a randomized clinical trial of periadventitial
adenoviral VEGF delivery in AVGs using a sialastic collar
(101). Gene transfer and overexpression of MMPi of
injured arteries and vein grafts also decreased intimal
hyperplasia (102,103). In addition, other studies of gene
transfer of inducible nitric oxide synthase to porcine vein
grafts inhibited intimal hyperplasia (104). These studies
indicate that future local therapies to prevent vascular
access thrombosis will be forthcoming.

 

Conclusion

 

Vascular access thrombosis prophylaxis needs to start
early in the ESRD patient. A team approach with neph-
rologists, surgeons, interventionalists, the patient, and
the nursing staff, as well as the primary care staff is needed
to preserve the vasculature for eventual fistula placement
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and ensure appropriate maturation. Screening for vascu-
lar access stenosis and surgical or radiologic intervention
may prevent the emergent morbidity of thrombosis, how-
ever, long-term patency remains unaffected. Emerging
medical therapies to prolong access patency are being
actively investigated. Furthermore, developing technolo-
gies of brachytherapy, photodynamic therapy, and gene
therapy may be important future therapies for vascular
access thrombosis prophylaxis.
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