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Objectives
• Discuss the causes of recurrent thrombosis and stenosis in a 

hemodialysis access.

• Discuss methods of surveillance for recurrent stenosis

• Discuss treatments designed to reduce the incidence of 
stenosis and thrombosis

Cause of Stenosis

• Venous stenosis caused by neointimal hyperplasia
• Presence of smooth muscle cells
• Abundant extracellular matrix
• Neovascularization within neointima and adventitia
• Macrophage layer lining the perigraft region
• Increased expression of mediators and cytokines within neointima, 

media and adventitia

Interventional Nephrology, Ch. 16, p. 180, McGraw-Hill 2012.
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Upstream and downstream events in hemodialysis vascular access dysfunction. 

Timmy Lee CJASN 2013;8:2194-2201

©2013 by American Society of Nephrology

Neointimal hyperplasia
• The myoendothelial proliferation of cells and matrix that produces stenosis, 

primarily in grafts

• Causes of neointimal hyperplasia
• Surgical trauma
• Shear stress
• Bioincompatibility of AV graft
• Vessel injury due to dialysis needle punctures
• Uremia causing endothelial dysfunction
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Natural history of vascular access dysfunction. 

Timmy Lee CJASN 2013;8:2194-2201

©2013 by American Society of Nephrology

Histologic and angiographic lesion of venous stenosis in arteriovenous fistula (AVF) and 
arteriovenous graft (AVG). 

Timmy Lee CJASN 2013;8:2194-2201

©2013 by American Society of Nephrology
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Location of Stenosis
• Intragraft: 38.4%

• Venous Anastomosis: 60%

• Outflow Vein: 37%

• Central Stenosis: 3.2%

• Multiple locations: 31.3%

Monitoring for Stenosis
• Clinical Indicators

• Physical examination: low flow, pulsatile, enlarging aneurysms
• Difficulty on dialysis: difficult cannulation, prolonged bleeding, 

decreased Kt/v

• Flow Monitoring
• Static Dialysis Venous Pressures
• Flow Monitoring
• Duplex ultrasound

• Percentage of grafts that clot before surveillance tests are 
positive: 25%
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Management
• Pre-emptive angioplasty for stenosis > 50%
• Anti-platelet medication
• Fish Oil
• Local Drug Delivery Systems

Pre-emptive Angioplasty
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NKF-K/DOQI: Clinical practice guidelines for Vascular Access: update 2006.

• 6.4 Treatment of stenosis without thrombosis:
• Stenoses that are associated with AVGs should be treated with angioplasty or surgical 

revision if the lesion causes a greater than 50% decrease in the luminal diameter and 
is associated with the following clinical/physiological abnormalities:
• 6.4.1 Abnormal physical findings. (B)
• 6.4.2 Decreasing intragraft blood flow (600 mL/min). (B)
• 6.4.3 Elevated static pressure within the graft. (B)

• 6.6 If angioplasty of the same lesion is required more than 2 times within a 3-month 
period, the patient should be considered for surgical revision if the patient is a good 
surgical candidate.

• 6.6.1 If angioplasty fails, stents may be useful in the following situations:
• 6.6.1.1 Surgically inaccessible lesion. (B)
• 6.6.1.2 Contraindication to surgery. (B)
• 6.6.1.3 Angioplasty-induced vascular rupture. (B)

Pre-emptive Angioplasty

KDOQI: Vascular Access
• 6.5 Outcomes after treatment of stenosis without thrombosis:
• After angioplasty or surgical revision of a stenosis, each institution 

should monitor the primary patency of the AVG. Reasonable goals 
are as follow:

• 6.5.1 Angioplasty:
• 6.5.1.1 The treated lesion should have less than 30% residual stenosis 

and the clinical/physiological parameters used to detect the stenosis 
should return to acceptable limits after the intervention. (B)

• 6.5.1.2 A primary patency of 50% at 6 months. (B)
• 6.5.2 Surgical revision:

• 6.5.2.1 The clinical/physiological parameters used to detect the 
stenosis should return to acceptable limits after the intervention. (B)

• 6.5.2.2 A primary patency of 50% at 1 year. (B)
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Cutting Balloon vs. High Pressure Balloon

• Randomized prospective trial
• AV Fistulae only
• Conventional PTA had residual stenosis > 30%
• 36 in Cutting balloon (CBA) vs 35 in High pressure 

(HPBA)
• 71 out of 516 patients had suboptimal results
• Primary target lesion patency rates at 6 months 

were 66.4% for CBA and 39.9% for HPBA (p=0.01).

Arafat et al, J Vasc Interv Radiol, 2014;25:190-198

Anti-coagulation
• Warfarin

• Crowther et al, J Am Soc Nephrol 2002;13:2331
• RCT of 107 pts given warfarin vs. placebo
• Achieve INR 1.4 to 1.9
• No benefit in graft survival
• Major events of bleeding

• ASA + Plavix
• VA Cooperative Trial, J Am Soc Nephrol 2003; 14:2313
• RCT 200 participants
• Clopidogrel + ASA vs. placebo
• Stopped early because of increased risk of bleeding
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Dipyridamole + ASA

• RCT in 13 centers
• Dipyridamole 200 mg + ASA 25 mg bid
• 649 patients receiving new graft
• Followed for 4.5 years plus 6 months
• Primary outcome: loss of primary unassisted patency

• Primary unassisted patency at 1 year was 23% in placebo 
compared to 28% in ERDP + ASA group:

• HR 0.82 (CI 0.68 – 0.98, p= 0.03)

• Modest benefit in patency

Kaplan–Meier Estimates of the Cumulative Incidence of Loss of Primary Unassisted 
Graft Patency, According to Study Group.

Dixon BS et al. N Engl J Med 2009;360:2191-2201

Dipyridamole + ASA vs Placebo
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Dipyridamole + ASA
• Platelet activation may play a role in neointimal hyperplasia
• Mechanism of action of dipyridamole

• cAMP-phosphodiesterase inhibitor
• Inhibits platelet activation by increasinc intracellular cAMP and 

free Ca in platelets
• Potentiates the anti-aggregatory effects of prostacyclin and 

enhances prostacyclin biosynthesis
• Increases 13-HODE production by endothelium making the vessel 

wall less “adhesive” to platelets
• Decreases serum PDGF level and selectively decreases the level 

of fibroblast mitogenic activity

Sreedhara et al, Kidney Int 1994; 45:1477.

Fish Oil

• Omega-3 Fatty acids
• Inhibits IL-1 and IL-6
• Competitively inhibits cyclo-oxygenase
• Prolongs bleeding time while decreasing gastric erosions and ulcers
• Inhibits natural hyperplasia in autogenous vein grafts
• Improves blood rheologic features and flow (decreases turbulence)
• Favorably modifies membrane fluidity in endothelial cells (decreasing shear 

stress)
• Reduces polypeptide growth factor and cytokine release from platelets and 

inflammatory cells

Schmitz et al, J Am Soc Nephrol 2002; 13:184.
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Figure 3. Scheme depicting the effects of cell membrane remodeling with ω−3 fatty acids 
(derived from fish oils) on the cell biologic processes thought to contribute to graft 

thrombosis.

Paul G. Schmitz et al. JASN 2002;13:184-190

©2002 by American Society of Nephrology

Figure 1. Kaplan-Meier survival analysis of the patency of newly placed 
polytetrafluorethylene grafts among cohorts of patients monitored for 1 yr before 

study commencement (1996) (n = 50) or 1 yr after study closure (1999) (n = 48), 
compared with control p...

Paul G. Schmitz et al. JASN 2002;13:184-190

©2002 by American Society of Nephrology

Fish Oil
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Fish Oil
• Multi-center RCT of Fish Oil 4000 mg daily vs placebo
• N= 201
• 12 month follow up
• Primary end point: loss of patency within 12 months
• Secondary end points: 

• Time to loss of graft patency
• Time to intervention
• Time to thrombosis
• Time to cardiovascular event

From: Effect of Fish Oil Supplementation on Graft Patency and Cardiovascular Events Among Patients With 
New Synthetic Arteriovenous Hemodialysis Grafts: A Randomized Controlled Trial

JAMA. 2012;307(17):1809-1816. doi:10.1001/jama.2012.3473
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Conclusion
• Stenosis in hemodialysis accesses is caused by neointimal

hyperplasia

• These stenoses can recur and threaten patency of access

• Monitoring is important in identifying accesses that may clot

• Management of these accesses includes 
• Endovascular treatments of angioplasty or surgical revision
• Drug related treatments such as anti-platelet medications of 

aspirin + dipyridamole and fish oil.


