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Objectives 
1. To review current VA scene Worldwide, Canada and BC  
2. Understand the variability of AVF primary failure rates 
3. Review physiology of AVF maturation 
4. Review risk factors for AVF non-maturation 
5. Novel approaches to maturation 
6. Review upcoming important VA trials 
7. Recognize impact of cannulation technique on AVF outcome 
8. Questions 

 
9. BC VA picture 

 
 

 
 
 

 
 



Objective 1: 
Vascular Access Scene 

 



Prevalent Vascular Access Type 
– DOPPS 5 (2012-2014) – 

Initial prevalent cross-sections of  DOPPS 5 (2012-2014) with vintage > 90 days; weighted by facility sampling 
fraction 

N Pts= 



Incident Vascular Access Type 
– DOPPS 5 (2012-2014) – 

*  Among patients on dialysis < 120 days at DOPPS enrollment; For patients missing data on access at dialysis 
start (42%), access at DOPPS enrollment was used (median [interquartile range] of days on dialysis at 
DOPPS enrollment was 69 [36-93] days for these patients) Bieber et al. ASN Abstract (2013) 



Distribution of VA Types in Countries with 
Stable or Increasing Fistula Use 

Prevalent cross-sections of patients on dialysis >90 days at time of study entry; weighted by facility sampling 
fraction; DOPPS 2 (2002-2004), DOPPS 3 (2005-2008), DOPPS 4 (2009-2011); DOPPS 5 (2012-2014)  

Increasing CVC utilization over time  
is not a world wide phenomenon! 



VA Use in Countries with Decreasing 
Fistula Use & Increasing Catheter Use 

Prevalent cross-sections of patients on dialysis >90 days at time of study entry; weighted by facility sampling 
fraction; DOPPS 2 (2002-2004), DOPPS 3 (2005-2008), DOPPS 4 (2009-2011); DOPPS 5 (2012-2014)  

* DOPPS Canada NDT 2006 

* CSN VAWG created 



VA Distribution – Alberta 



VA Distribution – BC Picture 
  

 
 
 
 
 
 
 

• More about this later… 



VA BC Slides 
  

 
 
 
 
 
 
 

• More about this later… 



Objective 2 
Variability of Fistula Failure Rates 

  

11 



Primary AVF failure 
• Low AVF rates thought due to high primary failure rates 

 
• Primary failure definitions not standardized 

• Early failure (thrombosis) or late failure (thrombosis or maturation 
failure) 

• immediate failure of AVF within 72 h of surgery, early dialysis 
suitability failure (3m), or late dialysis suitability failure (6m) (NAVAC 
definition)4  
 

• Lack of ability to supply dialysis with 2 needles for 6 – 12 consecutive 
HD sessions 

• Lack of ability to supply at least 75% of HD runs in 4 weeks with 2 
needles 

• Inability to use on HD 
• Failure within 3 months of use 

 
 
 
 



High Primary Failure Rate 

Dember JAMA 2008 



RCT Plavix on AVF thrombosis 
• Pts (HD or within 6 months) eligible for AVF creation 
• Plavix vs placebo day of AVF creation for 6 weeks 
• Assessed at baseline, 6 weeks then monthly to assess fistula 

suitability for 5 months or 30 days of HD 
• Planned 642 pts/ arm to achieve 30% ↓thrombosis rate 

 
• Fistula Suitability:  

• failure to attain dialysis suitability (2 needles Qb ≥ 300 ml/min for 
8/ 12 sessions:   

• or Use in 8 HD sessions: 
• overall failure 50% (48% plavix vs 52% placebo 

 

Dember JAMA 2008 



RCT Plavix vs Placebo on AVF 
thrombosis 
• AVF Thrombosis (lack of bruit 6 weeks after creation) 

• 19% vs 12% plavix; P=0.018; RR 0.63 
 



What is a reasonable estimate 
of Primary Failure? 
• Meta analysis AL Jashri (462 papers, 7400 AVF) 

• Pooled estimate of primary failure rate 23%  
• 28% lower arm and 23% for upper arm 
• 37% for elderly vs 27% non elderly (p<0.001) 

 
• Risk of primary failure decreased  

• with more recent publication date, more males and more upper arm 
AVFs 

Al Jashri AJKD 2014 



Variation in primary failure 



What is a reasonable estimate 
of AVF Patency? 
• Primary patency (time to first intervention) 

• 67% at 1 year, 51 % at 2 years 
• Decrease in patency with more recent publications 

 
• Secondary patency (time from access creation until abandon) 

• 82% at 1 year;  73% at 2 year 
• Improved patency rates more recently 

 



Objective 3 
Review physiology of maturation 

NIMH 2004 



What is Fistula Maturation? 
Physiology 
• Anastamose artery to vein  

• immediate increase in blood flow  
• increase wall shear stress 
• Stimulates endothelial cells to release NO and 

other vasodilators 
 

 



What is Fistula Maturation? 
Physiology 
• ARCH STUDY (Caroli 2013): 

•  flow & diameter consecutively over time 
 

• Blood Flow  
• Baseline flow:  20 – 50 ml/min in artery 
• Post op day 1:  250 – 500 ml/min  
• Post op day 40: 500 – 2000ml/min 

 
• Blood vessel dilation 

• Artery (radial) 2.5 mm  3.5 mm  4.5 mm (6 weeks) 
• Artery (brachial) 4mm  4.5 mm   5 mm 
• Vein (lower arm) 2.5 mm            5 mm 
• Vein upper 3.3 mm         6.4 mm 

 



What is Fistula Maturation? 
Clinical 
• Appropriate blood flow to supply dialysis?  

• Thrill+ (> 400ml/min); biphasic bruit 
• Appropriate vessel diameter? 

• Palpable 
• Appropriate depth under the skin? 

• palpable 
• Appropriate straight length to allow rotation needle sites? 

• At least 10 cm 
• Appropriate vessel wall strength? 

• Sense of vessel firmness 
 

• KDOQI Rules for Mature AVF – Rule of 6’s 
•  By 6 weeks:  600 ml/min, 0.6 cm diameter, <0.6cm deep 

 



Evidence for AVF maturation 
assessment 
• HD AVF maturity: US Evaluation. Robbins ML, Radiol 2002 

• Retrospective observational study in 69 pts 
• Key study to showed that size and flow of AVF at 2 – 4 months 

predicted fistula maturation and adequacy for dialysis 
• No difference in flow or size from months 2 to 4 post op 

 
• Fistula with diameter > 0.4 cm were more likely suitable for HD 
• Fistula with flow > 500 ml/min more likely suitable for HD 
• Combining flow + diameter increased predictive value  

 
• Accuracy of experienced HD nurse predict fistula maturity using 

physical exam: 80% 



Objective 4 
Predictors of AVF maturation 

 



AVF Failure: Patient Factors 
• Age  

 
• Gender  (most studies but not all) 

 
• PVD 

 
• DM 

 
 



Non Modifiable risk factors: 
Patient level 

Smith; J Vas Surgery 2012 



Lok Prediction model 
score <2 2-3 3-7 >7 

risk low mdm high Very high 

Risk of non-
maturation 

24% 34% 50% 69% 

• Risk score determined from: age, gender, DM, PVD 
 

• When tested in other pt populations it did not do well  



AVF Failure:   
Modifiable risk factors 

Smith; J Vas Surgery 2012 



AVF Failure: Surgical Factors 
• Degree of expertise 

 
• Role of US mapping 

 
• Technical details (clips vs sutures) 

 
• Cephalic vein diameter  

 
• Angle of anastamosis 

 



AVF Failure: Surgical Factors 
• Expertise:   Surgeons with > 25 AVF creations during training 

(vs < 25) had 34% lower primary failure rates 
• US mapping RCT (n= 218); (Ferring CJASN 2010) 

• Primary outcome (primary AVF failure):  thrombosis + FTM  
• Significant reduction in Immediate thrombosis rate  
• trend to improved primary failure rate (21% vs 31%)  
• improved assisted primary survival 1 year  65% vs 80% 

• Non-penetrating Clips vs sutures RCT (n=98) 
• Primary patency  1 year no difference (61% vs 69% clips) 
• Secondary patency improved (Zeebregts Br J Surgery 2004) 

• Angle of anastamosis 
 



Primary failure: 
Effect of anastamosis angle 

Ene-Iordache NDT 2013 



Primary failure: 
Effect of anastamosis angle 

• For side to end RCF AVF 
get altered flow at inner 
wall of the swing 
segment of vein and at 
arterial section of the 
anastamosis  

• Less alteration of flow 
dynamics with smaller 
angles (30) 

• Less neointimal 
hyperplasia and stenosis   



Novel Predictors of Fistula 
Maturation – Patient factors 
• Endothelial function reflects vessel health 
• Flow mediated dilation (FMD) of Brachial artery is an 

established marker of endothelial function 
• Occlude brachial artery x 5 minutes, cause tissue ischemia and 

realease of vasodilators 
• Corresponding increase in hyperemia 
• Increase in brachial artery diameter correlated to degree of CAD, 

cardiac risk and mortality in cardiac patients 
 

• Peripheral arterial tonometry (PAT) measures the blood flow 
at the finger tip; reflects microvascular endothelial function 
 
 

 



Can endothelial function 
predict fistula maturation? 

 
• 25 CKD pts had FMD pre AVF creation;  

• positive correlation between  FMD baseline and change in 
diameter of artery and vein at 3 months post op [Owens et al JVA 
2010] 

  
• 28 CKD pts had FMD, PAT, PWV testing prior to AVF creation 

•  CKD pts had impaired values compared to normal healthy pts 
• PAT (microvascular endothelial function) was predictive of AVF 

successful maturation (MacRAe submitted ASAIO) 
 
 



Objective 5. 
Novel Approaches to Maturation 

 



Traditional 
Methods to promote maturation 
 • Surgical 

• Revision of AVF (redo anastamosis, superficialization) 
• ligation of collateral / accessory vein 

 
• Radiology 

• PTA of stenosis (inflow, para-anastamotic or central vein)  
• coil embolization of collateral/ accessory vein 

 
 



How successful are these 
interventions? 
• Meta analysis of interventions for non maturing AVF (AVF that 

is between 4 – 24 weeks post op that is unsuitable for HD) 
• Caveat: mostly poor quality studies, lack control group, 

definitions (?) 
 

• 1 year primary patency 50%  
• 1 year secondary patency of 75% 
• Overall 9.3% complication rate  

• 5.5 % hematoma 
• 2.2% venous rupture 
• 1% steal 

 
 

Vermoolen J Vasc Surgery 2009 



Antiplatelets  
to  promote maturation  

Palmer AJKD 2013 



Pharmacologic  
approach to  promote maturation  
• Transdermal triglycerin nitrate 

• may increase blood flow in new created AVF 
 

• Demonstrated increased AVF diameter and flow a few hours 
after topical application vs control, no long term studies  

 

Akin, World J surgery 2002;26; 1256-9 



Infra red therapy (FIR) 
to promote maturation 
• Improves endothelial function in coronary arteries (like heat) 

by upregulating eNOS dilation 
 

• Improved pain regulation in phantom limb  
• Activate fibroblasts for better wound healing 
• Stimulate autonomic nervous system in HD pts 

 
• Improved NO formation, decreased inflammation, improve 

endothelial function 
 

• Apply 20 - 30 cm above AVF for 40 minutes 3x week 
 



Infra red therapy  
to promote maturation 
• Meta-analysis of 4 RCT studies 

• 3/ 4 studies included pts on HD with previous AVF 
• 1 study newly formed AVF not on HD 
• 666 pts,  340 pts with FIR 
• Primary AVF patency (unassisted)at 12 months improved 

Bashar Plos One 2014 



Infrared therapy  
for failing AVF/ AVG 

 
• AVF or AVG with history of 2 or more angioplasties, 

 
• Randomly assigned to FIR vs regular radiation therapy 
• Excluded those with multiple lesions that were outside the 

territory of the radiation field, endovascular stent 
 

• 40 minutes 3 x per week either before, during or after hd 
• FIR placed 25 cm above the site of the major lesion 
• Secondary patency at 12 months following procedure 

significantly improved 
 

Lai Eur J Vas Surg 2013 



Exercise 
Promotion of maturation 
• Exercise Pre AVF creation  (AM J Med Sci 2003 Leaf DA) 

 
• 5 pts, GFR 30 l/min x 6 weeks forearm exercise training 
• Baseline US measurement cephalic vein in active arm (non dominant) 

and control arm 
• Exercise increased vein by 0.06 cm 

 
 

• Exercise After AVF creation (ASAIO J 2003; Oder TF) 
 
• Effect of hand exercises on the diameter of AVF  
• 23 pts with new AVF 
• Measured cephalic vein pre and post hand ball squeezing x 5 minutes 
• AVF diameter increased in 20/23 pts; mean change 9.3% p<0.001 



Regional nerve block 
Promotion of maturation 
• Axillary block 

• Annals vascular surgery 2007; Laskowski IA 
• 26 pts and measured distal cephalic veins pre and post axillary 

block 
• Cephalic vein diameter increased from 0.29 to 0.34 cm (p=0.008) 

• Supraclavicular Brachial plexus block 
• JVA 2011; Reynolds TS 
• 34 pts had baseline vein measurements pre and post block 
• Lower cephalic vein increased by 34%; upper cephalic vein 24% 
• Basilic vein increased 31%; brachial vein 8% 
• Primary patency 83% of the 23 pts with follow up 



Regional nerve block 
Promotion of maturation 
• Infraclavicular brachial plexus block  vs local anaesthetic RCT 

• 60 pts; for planned RCF AVF 
• measured radial artery flow pre and post anaesthetic 
• AVF flow higher at 3 hours, 7 days and 8 weeks in IB  

 

Sahin J Vas Surgery 2011 
 



Objective 7 
Upcoming VA trials 



Does Brachial plexus block lead 
to better AVF patency? 

 
• RCT underway brachial plexus block vs local 

 
• Primary outcome:  Primary patency at 3 months 

 
• Secondary outcomes  

• primary patency 12m, 
• secondary patency 1, 3, 12 m;  
• diameter vein,  
• flow at first hd session 

 

Macfarlane Au, Trials 2013 



Ongoing trial 
Antiplatelets  & Fish Oil to  promote maturation  

• RCT low dose ASA 100 mg/d and /or4 g fish oil in 1200 pts  
(Fish oil and Aspirin in Vascular Access Outcomes in Renal 
Disease study : FAVOUReD stduy 

• Assume 25% failure rate at 3 months; 1200 pts needed 
• Start 1 day pre op x 3 months 
• Primary outcome: unassisted patency of AVF at 3 months 
• Secondary outcome:   

• functional patency at 6m (ability to use for HD without the need for 
an alternative access) and 12m;  

• primary patency  
• Assisted patency (time creation until abandonment) 

• Active and recruiting since 2009 



Impact of Fish Oil on AVG 
• 200 pts randomized to placebo vs 4 g fish oil on day 7 post 

AVG creation 
 

• Primary outcome: percentage of AVG that thrombosed 
• 48% vs 62 % RR 0.78; p=0.06  
                          BUT 

• Thrombosis: 1.71 vs 3.41/ 1000 days; p<0.001 
• Interventions 2.82 vs 4.92/ 1000 days; p<0.001 

 
 

 
 
 

Lok JAMA 2012 



 



Results to be presented at ASN  
HD Fistula maturation Trial 
• Hemodialysis Fistula Maturation (HFM)Trial 

• Prospective multicentre cohort; 600 pts followed over 4 years 
• Primary outcome: unassisted maturation:  

• successful use of AVF for dialysis for 4 weeks without maturation 
enhancing procedures 

• Secondary outcome: assisted maturation, US based maturation, 
fistula procedures, fistula abandonment, CVC use 

• Measurements:   
• pre – op artery and vein diameter,  
• FMD and NTG mediated dilation brachial artery; PWV (carotid fem 

and carotid radial) 
• Vein tissue samples 
• US post op day 1, 2 week, 6 weeks 



Ongoing Trial 
Endovascular creation of AVF  
• Novel Endovascular Access Trial (NEAT) 

• Safety study to assess endovascular approach to making AVF 
• 6 month follow up study; planned 70 pts 
• Primary outcome:  number of pts with adverse event 
• Secondary outcome: percent of fistula that can provide HD over a 

4 week period 
• Status:  recruiting; pts entered into study 

 



Upcoming Trials  
• The ACCESS Pilot Trial:  A clinical trial Comparing Catheters to 

fistulas in Elderly patients Starting dialysiS 
 
• 40 pts > 65yrs on HD with CVC deemed eligible for AVF 

randomized to AVF creation vs remain on CVC 
• 30 month study; 6 m F/U  

• Primary outcome feasibility to recruit 
• Secondary outcomes: adverse events, reasons for exclusion/ refusal 

• Status:  not yet started 
 
 

 



Upcoming Trials:  
Implanted devices & maturation 

 
• Vascugel implant 

• cultured human aortic endothelial cells in a gel matrix 
• Implanted at time of AVF creation to determine if improves time 

to maturation 
 

• Optiflow anastamotic connector device implanted at time of 
AVF creation 
 



Upcoming Trials:  
Exercise & Fistula maturation 
• RCT Effect of 8 week Handgrip exercise on fistula maturation  

• Primary outcome vein diameter at 3 months 
• N= 30 pts (UK) 

 
• RCT Effect of exercise and improved NO availability 

• Placebo vs hand grip training (15 min 2x/ day) vs 15 mg NTG paste 
vs NO + exercise 

• Intervention starts 4 weeks post AVF creation x 4 weeks  
• Primary outcome fistula maturation at 3 months 



Upcoming Trials 
Buttonhole Cannulation at Home 
 
Buttonhole vs Step Ladder Cannulation in High Dose 
Hemodialysis. Pilot Study 

 
• Primary Objective:  To determine feasibility of  

• randomizing Home HD patients to SL versus BH cannulation  
• coordinating multiple Canadian sites  

 
• Secondary Objectives:  

• home HD training time  
• reduced overall cost,  
• AVF complications of infection, radiologic/surgical interventions, 

re-trains for needle insertion difficulties, hematoma, aneurysm 
formation, missed insertions, 

• Pain with needling  
 
 
 

Zimmerman;  NCT01962025  



And just a few words on…. 
Impact of Needling 

M Rawa MD, from Lynda Ball Cannulation Talk 



Needle Technique and  
AVF Survival    

 
• Technique may impact AVF survival 

• blood vessel puncture incites local trauma and thrombus formation, 
venous neointimal hyperplasia 

• Repeated puncture results in weakness and aneurysm 
• 26% of needle infiltration result in AVF thrombosis* 

 
• Area wall, rope ladder and buttonhole techniques 

 
 

*Lee AJKD 2006 



Impact of the Needle 
• Flow Dynamics  

• Needle changes wall shear stress to turbulent flow 
• Alters the fluid dynamics for up to 10 cm downstream of needle 
• Turbulent flow associated with 

• Decreased NO production  and NO release from endothelial cells 
• Denuding of endothelium (↓# Endo cells) 

 
• Inflammation and trauma 

• Needle incites inflammation and thrombus formation 
• Smaller is better? 

 
• Velocity 

• Velocity of blood through a smaller needle is  higher ? More 
shear stress with smaller needles 



Role of Needle Direction - 
Venous 
• Venous needle recommended to be in same direction of blood 

flow (antegrade)  
• To minimize hematoma formation 
• To reduce tendency for pseudoaneurysm upon needle withdrawal 

• Needle with back eye no effect in this position 
 



Role of Needle Direction 
Arterial 

 
 
 
 
 

 
• Antegrade 

• High amount of flow enters the back eye of the needle  
• Lots of oscillatory shear near the needle: risk of IH and stenosis 

near arterial tip 
• Retrograde 

• Flow is much smoother with less oscillating shear 
 
 

? 

Fulker et al. 2014 



Cannulation Technique and 
Access Survival 
Observational study 7000 pts with VA cannulation data obtained 

in April 2009 and VA outcomes assessed in 2012 
• Qb:  Median Qb 300 ml/min;  

• Poland 54% had Qb <300; Italy 40% had Qb>400 ml/min 
• Needle size and orientation:   

• 15G used in 63% of pts; 16G in32% 
• Arterial puncture antegrade direction for 57% of pts (99% in poland) 

• Cannulation technique:   
• Area wall 66%; 28 % rope ladder and  6% BH 

 
• Primary outcome: Access failure by 12 months 

 

Parisotto KI 2014 



Access survival curves  

• Conclusions limited by the observational design  
• Hypothesis generating :   impact of Qb, needle size and 

pressure limits 
Parisotto KI 2014 



Recognizing the impact of Cannulation 
Factors on Access Failure  

 
• Cannulation technqiue:  needle type, size 
• Blood pump speed 
• Pressure limits 



Summary 
• The rate of fistula failure after creation seems to widely varies 
  
• Fistula flow rates increase immediately after creation 

 
• ASA at time of AVF creation will reduce the thrombosis rate 

 
• Fish oil for AVG at time of creation will reduce intervention 

rates and improve time to thrombosis 
 



Summary 
• Surgical factors are important determinants of AVF success 

• Smaller Angle of anastamosis has better flow characteristics 
• Brachial plexus blocks associated with vein dilation and increased 

artery flow 
 

• Surgical and radiology Interventions should be attempted to 
promote maturation 
 

• Important VA trials on the way…….. 
 



Thank You! 
Questions? 
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