
 

NEEDLE OPTIONS FOR SELF-
CANNULATION AND NOCTURNAL 
HOME HEMODIALYSIS
Self-cannulation
In general, the rope ladder technique is used with an AVF 
that has acceptable length and depth. This technique 
may also be preferred for patients who have low vision or 
a tremor. The buttonhole technique can be considered in 
patients who have an AVF with inadequate length, tortuous 
anatomy, or aneurysmal segments. Patients with a needle 
phobia may also benefit from the buttonhole technique, 
but due to its increased risk for infection, this technique 
is not recommended for patients with a history of AVF 
infections, mechanical heart valves, or other prostheses.20

In countries where fistula cannula needles are available, 
patients can self-cannulate either with plastic cannulas 
or with standard sharp needles when using the rope 
ladder technique, or, with blunt needles when using the 
buttonhole technique.20 In the US, the current choices are 
sharp or blunt metal needles only.41 

Nocturnal home dialysis
Where available, flexible plastic cannula needles are used 
for comfort and to prevent needle infiltration during 
nocturnal home dialysis. This type of needle should be 
considered for use in:

 › Patients allergic to metals

 › Restless patients at risk for needle infiltration

 › Nocturnal home dialysis patients using the rope  
ladder technique20

A blunt metal needle can also be used with the buttonhole 
technique to prevent needle infiltration during treatment. 
Sharp metal needles for nocturnal dialysis are not preferred 
due to the potential for needle infiltration during treatment. 
If sharp metal needles are used however, it is critical that 
they be well secured.20

SUMMARY
Just as cannulation technique needs to be individualized, 
so too should needle selection consider individual 
patient risk factors, needs, and preferences. Through 
the interdisciplinary care approach and guidance from 
a vascular access nurse, many quandaries related to 
cannulation, including appropriate needle choice, can be 
solved. Cannulation technique is a primary driver of needle 
choice, but there are many other variables as discussed. 
Consider the number of cannulations needed for more 
frequent dialysis modalities, as well as the patient’s 
potential for frequent and erratic movement, their pain 
threshold and body image, and whether or not they self-
cannulate. Considering these factors will help clinicians in 
delivering individualized patient-centered care. 

C L I N I CA L U P DAT E

NEEDLES AND CANNULAS FOR
ARTERIOVENOUS FISTULA ACCESS: 

MORE OPTIONS PROMOTE BETTER OUTCOMES

 › Introduction

 › First Considerations in Needle Selection

 › Needle Options for Self-Cannulation and 
Nocturnal Home Hemodialysis

 › Summary

30 East 33rd Street
New York, NY 10016 
800.622.9010 
www.kidney.org

REFERENCES
1. National Kidney Foundation Kidney Disease Outcomes Quality 

Initiative (NKF-KDOQI). KDOQI clinical practice guideline for 
vascular access. Am J Kidney Dis. 2006;48(suppl 1):S176-S276.

2. The End-Stage Renal Disease National Coordinating Center (ESRD 
NCC) Fistula First Catheter Last (FFCL) Workgroup Coalition. Fistula 
First Initiative: AVF–the first choice for hemodialysis.  Available at: 
http://fistulafirst.org/. Accessed December 2, 2015.

3. Lee T, Ul Haq N. New developments in our understanding of 
neointimal hyperplasia. Adv Chronic Kidney Dis. 2015;22:431-437.

4. Remuzzi A, Ene-Iordache B. Novel paradigms for dialysis vascular 
access: upstream hemodynamics and vascular remodeling in 
dialysis access stenosis. Clin J Am Soc Nephrol. 2013;8:2186-2193. 

5. Lee T, Roy-Chaudhury P. Advances and new frontiers in the 
pathophysiology of venous neointimal hyperplasia and dialysis 
access stenosis. Adv Chronic Kidney Dis. 2009;16:329-338.

6. Lee T. Novel paradigms for dialysis vascular access: downstream 
vascular biology—is there a final common pathway? Clin J Am Soc 
Nephrol. 2013;8:2194-2201.

7. Roy-Chaudhury P, Sukhatme VP, Cheung AK. Hemodialysis vascular 
access dysfunction: a cellular and molecular viewpoint. J Am Soc 
Nephrol. 2005;17:1112-1127.

8. Schwappach D. Patient safety: what is it all about? In:  Widmer 
MK, Malik J, eds. Patient Safety in Dialysis Access. In: Ronco C, ed.  
Contrib Nephrol. Basel, Switzerland: Karger; 2015;184:1-12. 

9. Lee T, Barker J, Allon M. Needle infiltration of arteriovenous fistulae 
in hemodialysis: risk factors and consequences. Am J Kidney Dis. 
2006:47:1020-1026.

10. Yee J. Vascular access: Inukshuk. Adv Chronic Kidney Dis. 
2015;22:413-417.

11. Junglee N, Owen A, Jibani M, Williams D. A holistic approach to 
vascular access in hemodialysis. In: Suzuki H, ed. Hemodialysis. 
Rijeka, Croatia: InTech Open Access Publisher; February 27, 
2013:533-563. DOI: 10.5772/45929.

12. Yau M, Carver M, Alvarez L, et al. Understanding barriers to home-
based and self-care in-center hemodialysis [Epub ahead of print]. 
Hemodial Int. September 28 2015. DOI: 10.1111/hdi.12357.

13. Ball, LK. Improving arteriovenous fistula cannulation skills. Nephrol 
Nurs J. 2005;32:1-7.

14. Maricorena RM, Hunter J, Cook R, et al. A simple method to 
create buttonhole cannulation tracks in a busy hemodialysis unit. 
Hemodialysis Int. 2009;13:316-321.

15. Atkar RK, MacRae JM. The buttonhole technique for fistula 
cannulation: pros and cons. Curr Opin Nephrol Hypertens. 
2013;22:629-636.

16. Van Loon M. How to improve vascular access care. In:  Widmer 
MK, Malik J, eds. Patient Safety in Dialysis Access. In: Ronco C, ed.  
Contrib Nephrol. Basel, Switzerland: Karger; 2015;184:222-233. 

17. Marticorena, RM, Donnelly SM. Prolonging access survival: the 
principles of optimal cannulation. In:  Ing TS, Rahman M, Kjellstrand 
CM, eds. Dialysis: History, Development and Promise. Hackensack, 
NJ: World Scientific; 2012:185-191.

18. Ball, LK. The buttonhole technique for arteriovenous fistula 
cannulation. Nephrol Nurs J. 2006;33:299-304.

19. Morselli C, Chiari P, Aliberti T, et al. Sharp versus blunt dialysis 
needle use with buttonhole method: open randomised trial. J Ren 
Care. 2015;41:213-221.

20. Faratro R, Jeffries J, Nesrallah GE, et al. The care and keeping of 
vascular access for home hemodialysis patients. Hemodial Int. 
2015;19(suppl 1):S80-S92.

21. Donnelly SM, Marticorena RM, Hunter J, et al. Supercath safety 
clampcath buttonhole creation: complication of catheter breakage. 
Hemodial Int. 2013;17:450-454. 

22. MacRae JM, Tai DJ, Daniw M, et al. A simple method to create 
buttonhole cannulation tracks in a busy hemodialysis unit.  
Hemodial Int. 2010;14:94-95.

23. Letachowicz K, Kusztal M, Golebiowski T, et al. Use of plastic 
needles for early arteriovenous fistula cannulation. Blood Purif. 
2015;40:155-159.

24. Dember LM, Beck GJ, Allon M, et al. Effect of clopidogrel on 
early failure of arteriovenous fistulas for hemodialysis. JAMA. 
2008;299:2164-2171.

25. Riella MC, Roy-Chaudhury P. Vascular access in haemodialysis: 
strengthening the Achilles’ heel. Nat Rev Nephrol. 2013;9:348-357.

26. Mapes DL, Bodfish LJ, Pisoni RL, et al. Predictors of staffing 
practices in hemodialysis facilities:  Dialysis Outcomes and Practice 
Patterns Study (DOPPS) [abstract]. J Am Soc Nephrol. 2001;12:337A .

27. Rayner HC, Pisoni RL, Gillespie BW, et al. Creation, cannulation, and 
survival of arteriovenous fistulae: data from the Dialysis Outcomes 
and Practice Patterns Study (DOPPS). Kidney Int. 2003;63:323-330.

28. Pisoni RL, Zepel L, Port FK, et al. Trends in US vascular access use, 
patient preferences, and related practices: an update from the 
US DOPPS Practice Monitor with international comparisons. Am J 
Kidney Dis. 2015;65:905-915.

29. Huijbregts HJTAM, Bots ML, Moll FL, et al. Hospital-specific 
aspects predominantly determine primary failure of hemodialysis 
arteriovenous fistulas. J Vasc Surg. 2007;45:962-967.

30. Xue H, Ix JH, Wang W, et al. Hemodialysis access usage patterns 
in the incident dialysis year and associated catheter-related 
complications. Am J Kidney Dis. 2013;61:123-130.

31. MacRae JM, Ahmed SB, Hemmelgarn BR. Arteriovenous fistula 
survival and needling technique: long-term results from a 
randomized buttonhole trial. Am J Kidney Dis. 2014;63:636-642.

32. The End-Stage Renal Disease National Coordinating Center (ESRD 
NCC). Protocol for New AVF Cannulation [slide presentation]. Slide 
36. Available at: http://esrdncc.org/wp-content/uploads/2014/06/
cannulation_of_the_AVF_Ch3.pdf. Accessed December 2, 2015.

33. Kian K, Vassalotti JA. The new arteriovenous fistula: the need for 
earlier evaluation and intervention. Semin Dial. 2005;18:3-7.

34. Chapdelaine I, de Roij van Zuijdewijn CLM, Mostovaya IM. 
Optimization of the convection volume in online post-dilution 
haemodiafiltration: practical and technical issues. Clin Kidney J. 
2015;8:191-198.

35. Ahn W, Bahk JH, Lim YJ. The “gauge system” for the medical use. 
Anesth Analg. 2002;95:1125.

36. Gauly A, Parisotto MT, Skinder A, et al. Vascular access cannulation 
in hemodialysis patients—a survey of current practice and its 
relation to dialysis dose. J Vasc Access. 2011;12:358-364.

37. Parisotto MT, Schoder VU, Miriunis C, et al. Cannulation technique 
influences arteriovenous fistula and graft survival. Kidney Int. 
2014;86:790-797.

38. Tordoir J, Canaud B, Haage P, et al. EBPG on vascular access. 
Nephrol Dial Transplant. 2007;22(Suppl 2):ii88-ii117.  
DOI: 10.1093/ndt/gfm021

39. Brouwer DJ. Cannulation camp: basic needle cannulation training 
for dialysis staff. Dialysis & Transplantation. October 2011;434-439.

40. The End-Stage Renal Disease National Coordinating Center (ESRD 
NCC). Protocol for New AVF Cannulation [slide presentation]. Slide 
18. Available at: http://esrdncc.org/wp-content/uploads/2014/06/
cannulation_of_the_AVF_Ch3.pdf. Accessed December 2, 2015.

41. Dinwiddie LC, Ball LK, Brouwer DJ. What nephrologists need to 
know about vascular access cannulation. Seminars in Dialysis. 
2013;26:315-322.

DISCLAIMER: 
Information contained in this National Kidney Foundation educational resource is based upon current data available at the time of publication. 
Information is intended to help clinicians become aware of new scientific findings and developments. This clinical bulletin is not intended to set out  
a preferred standard of care and should not be construed as one. Neither should the information be interpreted as prescribing an exclusive course  
of management.

© 2016 National Kidney Foundation, Inc. 02-10-7254_LBF 
5

Supported by an educational grant from



 

3 42

INTRODUCTION
When feasible, the arteriovenous fistula (AVF) is 
recommended as the first choice for hemodialysis 
vascular access.1,2 Unfortunately, cannulation is one of the 
primary causes of AVF complications and failure.2,3 Needle 
punctures into the vessel wall cause endothelial injury, 
which triggers leukocyte adhesion, migration of smooth 
muscle cells from the media to the intima, and proliferation. 
This cascade promotes neointimal hyperplasia, a thickening 
of the vessel wall that can then lead to venous stenosis, 
the most frequent cause of hemodialysis access failure.3-7 
Infiltration, aneurysms, hematoma, and ultimately AVF 
loss, are all attributable to needle-induced vessel injury.3,4,8 
Infiltration alone is a significant complication, with one 
study reporting an annual major infiltration rate of 5.2%, and 
concluding that one infiltration leads to three extra months 
of catheter dependency.9 

In order to reduce AVF needle injuries, proper cannulation 
technique must be paired with the right needles to meet 
individual patient needs. Therefore, using needles that help 
mitigate vessel injury is critical. In addition, one cannot 
discount the importance of controlling pain and preserving 
the physical integrity of the access limb.10,11 The mere 
thought of very large needles piercing through their skin 
and vessels creates tremendous anxiety for most patients, 
and the trauma of pain and disfigurement from cannulation 
is a significant barrier to regular attendance at dialysis 
sessions and to embracing self-cannulation.12,13 This bulletin 
describes dialysis needle options, and key features that 
may be considered when choosing the right needle for the 
right patient, thereby enhancing patient-centered care and 
possibly better outcomes in AVF survival.

FIRST CONSIDERATIONS IN  
NEEDLE SELECTION
Needle type
Most often in the United States, the first type of needle 
employed for initial cannulations will be a sharp metal 
needle, whether to begin rope ladder/rotating site 
technique, or same-site cannulation in order to establish 
tunnel tracks for the buttonhole technique. Alternatively, 
plastic cannulas, or pegs, have been left in the vessel for a 
period of time to develop the buttonhole tunnel track.14-16

Metal needles are made of stainless steel, and are 
either sharp or blunt. Sharp needles, used for the rope 
ladder technique, have a sharp cutting edge, whereas 
blunt needles, designed for the buttonhole technique, 
are rounded on top and do not have a sharp edge. 
Figure 2 shows the difference between the ends of a 
sharp and a blunt needle. Metal needles have a silicone 
coating for smooth insertion and low flow resistance.17 
In certain buttonhole patients, blunt needles may 
bounce off the vessel (the “trampoline” effect) during 
entrance into the track, and therefore sharp needles are 
recommended.18,19 Some needles have an intermediary 
sharpness between that of traditional sharp and blunt 
needle tips. The buttonhole technique is only used with 
extensive specialized staff training for AVFs and never in 
arteriovenous grafts (AVGs).

In some countries, angiocatheters are recommended for 
the first few cannulations in a new fistula. Although they 
are normally used for IV catheterization, angiocatheters 
may be used for cannulating fragile AVFs that have 
tortuous segments or irregular depths from the skin 
surface. Because of the flexible and dull plastic tubing, 
there is less danger of infiltration from arm movement 
during dialysis. Some programs use angiocatheters for all 
treatments, but high costs make this approach impossible 
for many centers; therefore, metal needles are used most 
often.17 Angiocatheters have also been used to create 
buttonhole tracts by leaving the plastic catheter indwelling 
for extended periods, but there have been reports of this 
leading to infection, needle dislodgement, and catheter 
breakage with subsequent migration into a vessel.20-22 
The use of angiocatheters for hemodialysis in the United 
States is not an evidence-based standard practice, and it 
is unknown if such catheters can withstand required blood 
flow rates.

Table 1. Matching gauge and blood flow rate 

The other needle option is known as a “fistula cannula,” 
“fistula catheter,” or “plastic” needle that is designed 
specifically for hemodialysis cannulation. The basic design 
is a sharp metal needle housed within a flexible plastic 
sheath. The metal needle is used to access an AVF and 
to also guide the insertion of the plastic sheath into the 
vessel. After the sheath is deployed into the vessel, the 
metal needle is removed, and only the flexible blunt sheath 
is left within the vessel.17,23 Fistula cannula needles are 
not currently available in the United States. Figure 3 is an 
example of a fistula cannula needle.

Studies have been conducted to investigate whether use 
of a plastic needle can allow earlier access of the fistula. 
In one retrospective study, 20 patients with AVFs were 
cannulated with fluoroplastic dialysis catheters within 30 
days after access creation and were compared with 19 
historical controls. Hematomas occurred in 5 study patients 
(25%) and in 6 controls (31.6%), p = 0.648, with a total of 12 
hematomas in 6 patients during 250 dialysis sessions, and 
1 hematoma occurring in each of 5 patients during 299 
hemodialysis sessions, p = 0.035. The estimated primary 
functional fistula survival at 3, 6, and 12 months was 95, 90, 
and 74% for the study group, and 79, 67, and 60% for the 
control group (p = 0.106), respectively. The investigators 
concluded that plastic needles facilitated safe cannulation 
during AVF maturation because it was an easy method for 
decreasing the risk of infiltration. They further concluded 
that expert cannulation under optimal conditions (eg, the 
same nephrologist who creates the AVF also uses and 
monitors it) with plastic needles may possibly decrease or 
even obviate the need for a hemodialysis catheter.23

Studies between 1977 and 2002 revealed a high non-
maturation rate after creation of primary AVFs, with an 
average early failure rate of 25% (range of 2-53%).4  In 2008, 
Dember et al found that only 40% of newly created AVFs 
were suitable for dialysis at 4-5 months after surgery.24 
It has been proposed that this high rate of fistula failure 
could be due to the large number of comorbidities found 
in an aging hemodialysis population with fragile vessels.25 
Aside from failure to mature as a cause of early AVF failure, 

infiltration during cannulation is a frequent problem in 
the US.9 Lee et al described possible causes for this: 
significantly high turnover in dialysis nurses; cannulation 
by patient care technicians; staffing ratios of RNs to dialysis 
patients being much lower in the US as compared with 
Europe; and, dialysis being performed exclusively with 
metal needles.9,26 In Japan, Canada, and some European 
countries, fistula catheters are also available, and these 
may lessen the risk for infiltration when new fistulas are 
cannulated.9 The new DOPPS 5 data (2012-2014) indicate 
that times to start AVF cannulation continue to be longer 
for US hemodialysis centers than those in all other DOPPS 
countries. Earlier DOPPS I data (1996-2001) from Rayner 
et al showed that the US had the longest times to first AVF 
cannulation (median of 98 days, compared with 25-96 days 
in Japan and European countries).27,28

Early AVF failure leads to dependence on hemodialysis 
catheters and increases the risk for infection and other 
complications; therefore, a needle option that can 
potentially reduce these risks is highly desirable.10,29,30  
However, more studies are needed to determine if and  
how catheter-encased needles can improve early AVF 
survival rates, as well as AVF patency and survival over  
the long term.23  

Regardless of cannulation technique, hematomas resulting 
from needle infiltration are associated with increased risk 
of thrombosis and decreased AVF patency.9,31 Although 
MacRae et al hypothesized that the significant reduction 
in hematoma rate with buttonhole cannulation could lead 
to improved AVF survival, long-term results from their 
randomized buttonhole trial revealed no survival benefit, 
along with an increased risk for infection.31 Randomized 
trials comparing the buttonhole technique with plastic 
needle cannulation are needed to determine if plastic 
needles could reduce hematomas to the same degree as 
the buttonhole technique, but with less risk for infection 
and better AVF survival. 

Plastic fistula cannulas/catheters may allow patients 
greater mobility with a decreased risk for infiltration due 
to the blunt and flexible lumen that lies within the vessel. 
This is especially important for agitated patients, and 
older and frail patients who cannot tolerate immobilization 
during dialysis, as well as for nocturnal hemodialysis 
and other modalities that require more frequent weekly 
cannulations.23 The flexible catheter may also make it safer 
to access the cubital fossa and tortuous vessels, thus 
increasing the number of potential sites for cannulation.17

Needle gauge
Small gauge needles (17G) are recommended for at least 
the first few cannulations of a new fistula. Thereafter, 
the gauge can be increased incrementally as the fistula 
matures, and if prior cannulations have gone smoothly.1,32 
Smaller gauge needles have a greater resistance to flow, 
thus requiring a slower blood flow rate of 200-250 ml/
min.7,16,33 Table 1 lists maximum blood flow rates according 
to gauge. Gauge is defined as the needle shaft’s outer 
diameter, while the inner diameter also depends on the 
thickness of the needle wall.34,35 Standard gauge sizes 
range from 14G to 18G (outer diameter 2.1 and 1.2 mm, 
respectively).36 If the wall of a metal needle is thinner, then 
the inner diameter of lumen will be larger in relation to the 
outer diameter. The larger the inner diameter, then the 
higher the blood flow rate that can be achieved under the 
appropriate pressure conditions. There is some concern, 
however, that a higher blood flow can negatively affect 
AVF survival. Therefore, the influence of needle size on AVF 
patency continues to be debated.37 

Choice of gauge may be based on AVF vintage and 
expansion, patient tendency for bleeding, and patient 
preference.34 Except for the initial cannulation, most 
guidelines do not recommend a specific gauge, but rather 
that the needle gauge match the blood flow rate.38 Pre-
pump arterial pressure monitoring provides necessary 
information for correct gauge selection; if the arterial 
pressure falls lower than -200 to -250 mmHg, then the 
needle gauge may be changed to accommodate better 
flow. Changes in gauge require a physician’s order because 
of the impact on blood flow rate and the hemodialysis 
prescription.39 Be aware of package labeling regarding 
gauges, as they vary among manufacturers. For some, the 
size listed for catheter-encased needles corresponds to the 
central metal needle: a 16G catheter houses a 16G metal 
needle (outer diameter); after the metal needle is removed, 
the lumen for blood flow is approximately one gauge larger 
than listed on the package.34 For other cannulas, the gauge 
listed matches the inner diameter of the plastic cannula.

Note: It is important to match needle gauge to blood flow rate. These are 
minimum recommended gauges for the stated BFR settings. Larger needles, 
when feasible, will reduce pre-pump arterial pressure and increase delivered 
blood flow.

Reprinted with permission from: The End-Stage Renal Disease National Co-
ordinating Center (ESRD NCC) Fistula First Catheter Last (FFCL) Workgroup 
Coalition. Fistula First Initiative: cannulation of new fistula policy and proce-
dure. Available at: http://fistulafirst.org/2014. Accessed December 2, 2015.

Needle length
Different needle lengths are available: 3/4” and 3/5” can be 
used in fistulas that are <0.4 cm below the skin surface; 
1” for fistulas 0.4-1 cm from the skin surface; and 1 1/4” for 
fistulas ≥1 cm from the skin surface.17,39 To prevent needle 
penetration into the back wall of the vessel, the shortest 
needle length should be used. But in order to reach deep 
AVFs, such as those found in the upper arm of an obese 
patient, a 1 1/4” needle may be needed.39 Standard metal 
AVF needles are 1” long, but shorter 3/5” AVF needles may 
be better for advancing completely into a shallow new 
fistula.40 Plastic cannula needles are available in lengths 
up to 38 mm, which is close to 1 1/2”. Appropriate needle 
length of all needle types can be determined by the dialysis 
nursing staff.

Back eye 
The arterial needle should always have a back eye to 
maximize flow from the access. Optimal flow prevents 
suction of the needle to the inner vessel wall and reduces 
the need for rotating the needle, which adds trauma to 
the AVF.1,16 And if the bevel of the needle does adhere 
to the vessel wall, blood flow through the bevel is not 
compromised. The back eye should be smooth and flat 
so that its rim does not cut into the vessel during needle 
insertion or withdrawal.17 The plastic lumens of catheter-
encased needles also have side holes to improve flow and 
to prevent vessel wall occlusion. 

Other features to consider
Needles are available with different features that may add 
to patient comfort and safety, as well as clinician safety and 
ease of use.

 › Biocompatibility should be considered if patients 
exhibit any allergic response to materials from the 
metal or tubing, and for the same reason, one might 
consider the sterilization method. 

 › Rotating hub needles to allow rotation of the bevel 
without moving the needle wings41

 › Wings for a secure grip and flexibility in achieving 
different angles for entry into the vessel and for 
securing the needle; rotatable wings may offer more 
flexibility in positioning the needle without stretching 
the vessel

 › Mechanisms to prevent blood back-flow

 › Mechanisms to check for blood flashback 

 › Clamping tube 

 › Single-needle tubing configurations for single-needle 
dialysis 

 › Needle retraction mechanism for overall functionality 
and ease of use to prevent needle sticks 

b) After insertion of the plastic cannula into the vessel, the metal needle is 
retracted into the automatic safety device; only the plastic cannula remains 
in the vessel. The photo shows the metal needle partially retracted. 

Figure 3: Fistula cannula needle (also referred to as a fistula catheter needle 
or a plastic needle)

Figure 1: Basic structure and features of a traditional hemodialysis needle

Blood flow rate (BFR) Recommended needle gauge

<300 ml/min 17 gauge

  300–350 ml/min 16 gauge

>350–450 ml/min 15 gauge

>450 ml/min 14 gauge

Reprinted with permission from: Ball LK. The buttonhole technique for  
arteriovenous fistula cannulation. Nephrol Nurs J. 2006;33:299-304.

Figure 2: Sharp versus blunt needles

a) Only the tip of the metal needle is exposed for insetion when the plastic 
cannula has not yet been deployed.

Wings

Back eye

Bevel

Shaft
Hub



 

3 42

INTRODUCTION
When feasible, the arteriovenous fistula (AVF) is 
recommended as the first choice for hemodialysis 
vascular access.1,2 Unfortunately, cannulation is one of the 
primary causes of AVF complications and failure.2,3 Needle 
punctures into the vessel wall cause endothelial injury, 
which triggers leukocyte adhesion, migration of smooth 
muscle cells from the media to the intima, and proliferation. 
This cascade promotes neointimal hyperplasia, a thickening 
of the vessel wall that can then lead to venous stenosis, 
the most frequent cause of hemodialysis access failure.3-7 
Infiltration, aneurysms, hematoma, and ultimately AVF 
loss, are all attributable to needle-induced vessel injury.3,4,8 
Infiltration alone is a significant complication, with one 
study reporting an annual major infiltration rate of 5.2%, and 
concluding that one infiltration leads to three extra months 
of catheter dependency.9 

In order to reduce AVF needle injuries, proper cannulation 
technique must be paired with the right needles to meet 
individual patient needs. Therefore, using needles that help 
mitigate vessel injury is critical. In addition, one cannot 
discount the importance of controlling pain and preserving 
the physical integrity of the access limb.10,11 The mere 
thought of very large needles piercing through their skin 
and vessels creates tremendous anxiety for most patients, 
and the trauma of pain and disfigurement from cannulation 
is a significant barrier to regular attendance at dialysis 
sessions and to embracing self-cannulation.12,13 This bulletin 
describes dialysis needle options, and key features that 
may be considered when choosing the right needle for the 
right patient, thereby enhancing patient-centered care and 
possibly better outcomes in AVF survival.

FIRST CONSIDERATIONS IN  
NEEDLE SELECTION
Needle type
Most often in the United States, the first type of needle 
employed for initial cannulations will be a sharp metal 
needle, whether to begin rope ladder/rotating site 
technique, or same-site cannulation in order to establish 
tunnel tracks for the buttonhole technique. Alternatively, 
plastic cannulas, or pegs, have been left in the vessel for a 
period of time to develop the buttonhole tunnel track.14-16

Metal needles are made of stainless steel, and are 
either sharp or blunt. Sharp needles, used for the rope 
ladder technique, have a sharp cutting edge, whereas 
blunt needles, designed for the buttonhole technique, 
are rounded on top and do not have a sharp edge. 
Figure 2 shows the difference between the ends of a 
sharp and a blunt needle. Metal needles have a silicone 
coating for smooth insertion and low flow resistance.17 
In certain buttonhole patients, blunt needles may 
bounce off the vessel (the “trampoline” effect) during 
entrance into the track, and therefore sharp needles are 
recommended.18,19 Some needles have an intermediary 
sharpness between that of traditional sharp and blunt 
needle tips. The buttonhole technique is only used with 
extensive specialized staff training for AVFs and never in 
arteriovenous grafts (AVGs).

In some countries, angiocatheters are recommended for 
the first few cannulations in a new fistula. Although they 
are normally used for IV catheterization, angiocatheters 
may be used for cannulating fragile AVFs that have 
tortuous segments or irregular depths from the skin 
surface. Because of the flexible and dull plastic tubing, 
there is less danger of infiltration from arm movement 
during dialysis. Some programs use angiocatheters for all 
treatments, but high costs make this approach impossible 
for many centers; therefore, metal needles are used most 
often.17 Angiocatheters have also been used to create 
buttonhole tracts by leaving the plastic catheter indwelling 
for extended periods, but there have been reports of this 
leading to infection, needle dislodgement, and catheter 
breakage with subsequent migration into a vessel.20-22 
The use of angiocatheters for hemodialysis in the United 
States is not an evidence-based standard practice, and it 
is unknown if such catheters can withstand required blood 
flow rates.

Table 1. Matching gauge and blood flow rate 

The other needle option is known as a “fistula cannula,” 
“fistula catheter,” or “plastic” needle that is designed 
specifically for hemodialysis cannulation. The basic design 
is a sharp metal needle housed within a flexible plastic 
sheath. The metal needle is used to access an AVF and 
to also guide the insertion of the plastic sheath into the 
vessel. After the sheath is deployed into the vessel, the 
metal needle is removed, and only the flexible blunt sheath 
is left within the vessel.17,23 Fistula cannula needles are 
not currently available in the United States. Figure 3 is an 
example of a fistula cannula needle.

Studies have been conducted to investigate whether use 
of a plastic needle can allow earlier access of the fistula. 
In one retrospective study, 20 patients with AVFs were 
cannulated with fluoroplastic dialysis catheters within 30 
days after access creation and were compared with 19 
historical controls. Hematomas occurred in 5 study patients 
(25%) and in 6 controls (31.6%), p = 0.648, with a total of 12 
hematomas in 6 patients during 250 dialysis sessions, and 
1 hematoma occurring in each of 5 patients during 299 
hemodialysis sessions, p = 0.035. The estimated primary 
functional fistula survival at 3, 6, and 12 months was 95, 90, 
and 74% for the study group, and 79, 67, and 60% for the 
control group (p = 0.106), respectively. The investigators 
concluded that plastic needles facilitated safe cannulation 
during AVF maturation because it was an easy method for 
decreasing the risk of infiltration. They further concluded 
that expert cannulation under optimal conditions (eg, the 
same nephrologist who creates the AVF also uses and 
monitors it) with plastic needles may possibly decrease or 
even obviate the need for a hemodialysis catheter.23

Studies between 1977 and 2002 revealed a high non-
maturation rate after creation of primary AVFs, with an 
average early failure rate of 25% (range of 2-53%).4  In 2008, 
Dember et al found that only 40% of newly created AVFs 
were suitable for dialysis at 4-5 months after surgery.24 
It has been proposed that this high rate of fistula failure 
could be due to the large number of comorbidities found 
in an aging hemodialysis population with fragile vessels.25 
Aside from failure to mature as a cause of early AVF failure, 

infiltration during cannulation is a frequent problem in 
the US.9 Lee et al described possible causes for this: 
significantly high turnover in dialysis nurses; cannulation 
by patient care technicians; staffing ratios of RNs to dialysis 
patients being much lower in the US as compared with 
Europe; and, dialysis being performed exclusively with 
metal needles.9,26 In Japan, Canada, and some European 
countries, fistula catheters are also available, and these 
may lessen the risk for infiltration when new fistulas are 
cannulated.9 The new DOPPS 5 data (2012-2014) indicate 
that times to start AVF cannulation continue to be longer 
for US hemodialysis centers than those in all other DOPPS 
countries. Earlier DOPPS I data (1996-2001) from Rayner 
et al showed that the US had the longest times to first AVF 
cannulation (median of 98 days, compared with 25-96 days 
in Japan and European countries).27,28

Early AVF failure leads to dependence on hemodialysis 
catheters and increases the risk for infection and other 
complications; therefore, a needle option that can 
potentially reduce these risks is highly desirable.10,29,30  
However, more studies are needed to determine if and  
how catheter-encased needles can improve early AVF 
survival rates, as well as AVF patency and survival over  
the long term.23  

Regardless of cannulation technique, hematomas resulting 
from needle infiltration are associated with increased risk 
of thrombosis and decreased AVF patency.9,31 Although 
MacRae et al hypothesized that the significant reduction 
in hematoma rate with buttonhole cannulation could lead 
to improved AVF survival, long-term results from their 
randomized buttonhole trial revealed no survival benefit, 
along with an increased risk for infection.31 Randomized 
trials comparing the buttonhole technique with plastic 
needle cannulation are needed to determine if plastic 
needles could reduce hematomas to the same degree as 
the buttonhole technique, but with less risk for infection 
and better AVF survival. 

Plastic fistula cannulas/catheters may allow patients 
greater mobility with a decreased risk for infiltration due 
to the blunt and flexible lumen that lies within the vessel. 
This is especially important for agitated patients, and 
older and frail patients who cannot tolerate immobilization 
during dialysis, as well as for nocturnal hemodialysis 
and other modalities that require more frequent weekly 
cannulations.23 The flexible catheter may also make it safer 
to access the cubital fossa and tortuous vessels, thus 
increasing the number of potential sites for cannulation.17

Needle gauge
Small gauge needles (17G) are recommended for at least 
the first few cannulations of a new fistula. Thereafter, 
the gauge can be increased incrementally as the fistula 
matures, and if prior cannulations have gone smoothly.1,32 
Smaller gauge needles have a greater resistance to flow, 
thus requiring a slower blood flow rate of 200-250 ml/
min.7,16,33 Table 1 lists maximum blood flow rates according 
to gauge. Gauge is defined as the needle shaft’s outer 
diameter, while the inner diameter also depends on the 
thickness of the needle wall.34,35 Standard gauge sizes 
range from 14G to 18G (outer diameter 2.1 and 1.2 mm, 
respectively).36 If the wall of a metal needle is thinner, then 
the inner diameter of lumen will be larger in relation to the 
outer diameter. The larger the inner diameter, then the 
higher the blood flow rate that can be achieved under the 
appropriate pressure conditions. There is some concern, 
however, that a higher blood flow can negatively affect 
AVF survival. Therefore, the influence of needle size on AVF 
patency continues to be debated.37 

Choice of gauge may be based on AVF vintage and 
expansion, patient tendency for bleeding, and patient 
preference.34 Except for the initial cannulation, most 
guidelines do not recommend a specific gauge, but rather 
that the needle gauge match the blood flow rate.38 Pre-
pump arterial pressure monitoring provides necessary 
information for correct gauge selection; if the arterial 
pressure falls lower than -200 to -250 mmHg, then the 
needle gauge may be changed to accommodate better 
flow. Changes in gauge require a physician’s order because 
of the impact on blood flow rate and the hemodialysis 
prescription.39 Be aware of package labeling regarding 
gauges, as they vary among manufacturers. For some, the 
size listed for catheter-encased needles corresponds to the 
central metal needle: a 16G catheter houses a 16G metal 
needle (outer diameter); after the metal needle is removed, 
the lumen for blood flow is approximately one gauge larger 
than listed on the package.34 For other cannulas, the gauge 
listed matches the inner diameter of the plastic cannula.

Note: It is important to match needle gauge to blood flow rate. These are 
minimum recommended gauges for the stated BFR settings. Larger needles, 
when feasible, will reduce pre-pump arterial pressure and increase delivered 
blood flow.

Reprinted with permission from: The End-Stage Renal Disease National Co-
ordinating Center (ESRD NCC) Fistula First Catheter Last (FFCL) Workgroup 
Coalition. Fistula First Initiative: cannulation of new fistula policy and proce-
dure. Available at: http://fistulafirst.org/2014. Accessed December 2, 2015.

Needle length
Different needle lengths are available: 3/4” and 3/5” can be 
used in fistulas that are <0.4 cm below the skin surface; 
1” for fistulas 0.4-1 cm from the skin surface; and 1 1/4” for 
fistulas ≥1 cm from the skin surface.17,39 To prevent needle 
penetration into the back wall of the vessel, the shortest 
needle length should be used. But in order to reach deep 
AVFs, such as those found in the upper arm of an obese 
patient, a 1 1/4” needle may be needed.39 Standard metal 
AVF needles are 1” long, but shorter 3/5” AVF needles may 
be better for advancing completely into a shallow new 
fistula.40 Plastic cannula needles are available in lengths 
up to 38 mm, which is close to 1 1/2”. Appropriate needle 
length of all needle types can be determined by the dialysis 
nursing staff.

Back eye 
The arterial needle should always have a back eye to 
maximize flow from the access. Optimal flow prevents 
suction of the needle to the inner vessel wall and reduces 
the need for rotating the needle, which adds trauma to 
the AVF.1,16 And if the bevel of the needle does adhere 
to the vessel wall, blood flow through the bevel is not 
compromised. The back eye should be smooth and flat 
so that its rim does not cut into the vessel during needle 
insertion or withdrawal.17 The plastic lumens of catheter-
encased needles also have side holes to improve flow and 
to prevent vessel wall occlusion. 

Other features to consider
Needles are available with different features that may add 
to patient comfort and safety, as well as clinician safety and 
ease of use.

 › Biocompatibility should be considered if patients 
exhibit any allergic response to materials from the 
metal or tubing, and for the same reason, one might 
consider the sterilization method. 

 › Rotating hub needles to allow rotation of the bevel 
without moving the needle wings41

 › Wings for a secure grip and flexibility in achieving 
different angles for entry into the vessel and for 
securing the needle; rotatable wings may offer more 
flexibility in positioning the needle without stretching 
the vessel

 › Mechanisms to prevent blood back-flow

 › Mechanisms to check for blood flashback 

 › Clamping tube 

 › Single-needle tubing configurations for single-needle 
dialysis 

 › Needle retraction mechanism for overall functionality 
and ease of use to prevent needle sticks 

b) After insertion of the plastic cannula into the vessel, the metal needle is 
retracted into the automatic safety device; only the plastic cannula remains 
in the vessel. The photo shows the metal needle partially retracted. 

Figure 3: Fistula cannula needle (also referred to as a fistula catheter needle 
or a plastic needle)

Figure 1: Basic structure and features of a traditional hemodialysis needle

Blood flow rate (BFR) Recommended needle gauge

<300 ml/min 17 gauge

  300–350 ml/min 16 gauge

>350–450 ml/min 15 gauge

>450 ml/min 14 gauge

Reprinted with permission from: Ball LK. The buttonhole technique for  
arteriovenous fistula cannulation. Nephrol Nurs J. 2006;33:299-304.

Figure 2: Sharp versus blunt needles

a) Only the tip of the metal needle is exposed for insetion when the plastic 
cannula has not yet been deployed.
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INTRODUCTION
When feasible, the arteriovenous fistula (AVF) is 
recommended as the first choice for hemodialysis 
vascular access.1,2 Unfortunately, cannulation is one of the 
primary causes of AVF complications and failure.2,3 Needle 
punctures into the vessel wall cause endothelial injury, 
which triggers leukocyte adhesion, migration of smooth 
muscle cells from the media to the intima, and proliferation. 
This cascade promotes neointimal hyperplasia, a thickening 
of the vessel wall that can then lead to venous stenosis, 
the most frequent cause of hemodialysis access failure.3-7 
Infiltration, aneurysms, hematoma, and ultimately AVF 
loss, are all attributable to needle-induced vessel injury.3,4,8 
Infiltration alone is a significant complication, with one 
study reporting an annual major infiltration rate of 5.2%, and 
concluding that one infiltration leads to three extra months 
of catheter dependency.9 

In order to reduce AVF needle injuries, proper cannulation 
technique must be paired with the right needles to meet 
individual patient needs. Therefore, using needles that help 
mitigate vessel injury is critical. In addition, one cannot 
discount the importance of controlling pain and preserving 
the physical integrity of the access limb.10,11 The mere 
thought of very large needles piercing through their skin 
and vessels creates tremendous anxiety for most patients, 
and the trauma of pain and disfigurement from cannulation 
is a significant barrier to regular attendance at dialysis 
sessions and to embracing self-cannulation.12,13 This bulletin 
describes dialysis needle options, and key features that 
may be considered when choosing the right needle for the 
right patient, thereby enhancing patient-centered care and 
possibly better outcomes in AVF survival.

FIRST CONSIDERATIONS IN  
NEEDLE SELECTION
Needle type
Most often in the United States, the first type of needle 
employed for initial cannulations will be a sharp metal 
needle, whether to begin rope ladder/rotating site 
technique, or same-site cannulation in order to establish 
tunnel tracks for the buttonhole technique. Alternatively, 
plastic cannulas, or pegs, have been left in the vessel for a 
period of time to develop the buttonhole tunnel track.14-16

Metal needles are made of stainless steel, and are 
either sharp or blunt. Sharp needles, used for the rope 
ladder technique, have a sharp cutting edge, whereas 
blunt needles, designed for the buttonhole technique, 
are rounded on top and do not have a sharp edge. 
Figure 2 shows the difference between the ends of a 
sharp and a blunt needle. Metal needles have a silicone 
coating for smooth insertion and low flow resistance.17 
In certain buttonhole patients, blunt needles may 
bounce off the vessel (the “trampoline” effect) during 
entrance into the track, and therefore sharp needles are 
recommended.18,19 Some needles have an intermediary 
sharpness between that of traditional sharp and blunt 
needle tips. The buttonhole technique is only used with 
extensive specialized staff training for AVFs and never in 
arteriovenous grafts (AVGs).

In some countries, angiocatheters are recommended for 
the first few cannulations in a new fistula. Although they 
are normally used for IV catheterization, angiocatheters 
may be used for cannulating fragile AVFs that have 
tortuous segments or irregular depths from the skin 
surface. Because of the flexible and dull plastic tubing, 
there is less danger of infiltration from arm movement 
during dialysis. Some programs use angiocatheters for all 
treatments, but high costs make this approach impossible 
for many centers; therefore, metal needles are used most 
often.17 Angiocatheters have also been used to create 
buttonhole tracts by leaving the plastic catheter indwelling 
for extended periods, but there have been reports of this 
leading to infection, needle dislodgement, and catheter 
breakage with subsequent migration into a vessel.20-22 
The use of angiocatheters for hemodialysis in the United 
States is not an evidence-based standard practice, and it 
is unknown if such catheters can withstand required blood 
flow rates.

Table 1. Matching gauge and blood flow rate 

The other needle option is known as a “fistula cannula,” 
“fistula catheter,” or “plastic” needle that is designed 
specifically for hemodialysis cannulation. The basic design 
is a sharp metal needle housed within a flexible plastic 
sheath. The metal needle is used to access an AVF and 
to also guide the insertion of the plastic sheath into the 
vessel. After the sheath is deployed into the vessel, the 
metal needle is removed, and only the flexible blunt sheath 
is left within the vessel.17,23 Fistula cannula needles are 
not currently available in the United States. Figure 3 is an 
example of a fistula cannula needle.

Studies have been conducted to investigate whether use 
of a plastic needle can allow earlier access of the fistula. 
In one retrospective study, 20 patients with AVFs were 
cannulated with fluoroplastic dialysis catheters within 30 
days after access creation and were compared with 19 
historical controls. Hematomas occurred in 5 study patients 
(25%) and in 6 controls (31.6%), p = 0.648, with a total of 12 
hematomas in 6 patients during 250 dialysis sessions, and 
1 hematoma occurring in each of 5 patients during 299 
hemodialysis sessions, p = 0.035. The estimated primary 
functional fistula survival at 3, 6, and 12 months was 95, 90, 
and 74% for the study group, and 79, 67, and 60% for the 
control group (p = 0.106), respectively. The investigators 
concluded that plastic needles facilitated safe cannulation 
during AVF maturation because it was an easy method for 
decreasing the risk of infiltration. They further concluded 
that expert cannulation under optimal conditions (eg, the 
same nephrologist who creates the AVF also uses and 
monitors it) with plastic needles may possibly decrease or 
even obviate the need for a hemodialysis catheter.23

Studies between 1977 and 2002 revealed a high non-
maturation rate after creation of primary AVFs, with an 
average early failure rate of 25% (range of 2-53%).4  In 2008, 
Dember et al found that only 40% of newly created AVFs 
were suitable for dialysis at 4-5 months after surgery.24 
It has been proposed that this high rate of fistula failure 
could be due to the large number of comorbidities found 
in an aging hemodialysis population with fragile vessels.25 
Aside from failure to mature as a cause of early AVF failure, 

infiltration during cannulation is a frequent problem in 
the US.9 Lee et al described possible causes for this: 
significantly high turnover in dialysis nurses; cannulation 
by patient care technicians; staffing ratios of RNs to dialysis 
patients being much lower in the US as compared with 
Europe; and, dialysis being performed exclusively with 
metal needles.9,26 In Japan, Canada, and some European 
countries, fistula catheters are also available, and these 
may lessen the risk for infiltration when new fistulas are 
cannulated.9 The new DOPPS 5 data (2012-2014) indicate 
that times to start AVF cannulation continue to be longer 
for US hemodialysis centers than those in all other DOPPS 
countries. Earlier DOPPS I data (1996-2001) from Rayner 
et al showed that the US had the longest times to first AVF 
cannulation (median of 98 days, compared with 25-96 days 
in Japan and European countries).27,28

Early AVF failure leads to dependence on hemodialysis 
catheters and increases the risk for infection and other 
complications; therefore, a needle option that can 
potentially reduce these risks is highly desirable.10,29,30  
However, more studies are needed to determine if and  
how catheter-encased needles can improve early AVF 
survival rates, as well as AVF patency and survival over  
the long term.23  

Regardless of cannulation technique, hematomas resulting 
from needle infiltration are associated with increased risk 
of thrombosis and decreased AVF patency.9,31 Although 
MacRae et al hypothesized that the significant reduction 
in hematoma rate with buttonhole cannulation could lead 
to improved AVF survival, long-term results from their 
randomized buttonhole trial revealed no survival benefit, 
along with an increased risk for infection.31 Randomized 
trials comparing the buttonhole technique with plastic 
needle cannulation are needed to determine if plastic 
needles could reduce hematomas to the same degree as 
the buttonhole technique, but with less risk for infection 
and better AVF survival. 

Plastic fistula cannulas/catheters may allow patients 
greater mobility with a decreased risk for infiltration due 
to the blunt and flexible lumen that lies within the vessel. 
This is especially important for agitated patients, and 
older and frail patients who cannot tolerate immobilization 
during dialysis, as well as for nocturnal hemodialysis 
and other modalities that require more frequent weekly 
cannulations.23 The flexible catheter may also make it safer 
to access the cubital fossa and tortuous vessels, thus 
increasing the number of potential sites for cannulation.17

Needle gauge
Small gauge needles (17G) are recommended for at least 
the first few cannulations of a new fistula. Thereafter, 
the gauge can be increased incrementally as the fistula 
matures, and if prior cannulations have gone smoothly.1,32 
Smaller gauge needles have a greater resistance to flow, 
thus requiring a slower blood flow rate of 200-250 ml/
min.7,16,33 Table 1 lists maximum blood flow rates according 
to gauge. Gauge is defined as the needle shaft’s outer 
diameter, while the inner diameter also depends on the 
thickness of the needle wall.34,35 Standard gauge sizes 
range from 14G to 18G (outer diameter 2.1 and 1.2 mm, 
respectively).36 If the wall of a metal needle is thinner, then 
the inner diameter of lumen will be larger in relation to the 
outer diameter. The larger the inner diameter, then the 
higher the blood flow rate that can be achieved under the 
appropriate pressure conditions. There is some concern, 
however, that a higher blood flow can negatively affect 
AVF survival. Therefore, the influence of needle size on AVF 
patency continues to be debated.37 

Choice of gauge may be based on AVF vintage and 
expansion, patient tendency for bleeding, and patient 
preference.34 Except for the initial cannulation, most 
guidelines do not recommend a specific gauge, but rather 
that the needle gauge match the blood flow rate.38 Pre-
pump arterial pressure monitoring provides necessary 
information for correct gauge selection; if the arterial 
pressure falls lower than -200 to -250 mmHg, then the 
needle gauge may be changed to accommodate better 
flow. Changes in gauge require a physician’s order because 
of the impact on blood flow rate and the hemodialysis 
prescription.39 Be aware of package labeling regarding 
gauges, as they vary among manufacturers. For some, the 
size listed for catheter-encased needles corresponds to the 
central metal needle: a 16G catheter houses a 16G metal 
needle (outer diameter); after the metal needle is removed, 
the lumen for blood flow is approximately one gauge larger 
than listed on the package.34 For other cannulas, the gauge 
listed matches the inner diameter of the plastic cannula.

Note: It is important to match needle gauge to blood flow rate. These are 
minimum recommended gauges for the stated BFR settings. Larger needles, 
when feasible, will reduce pre-pump arterial pressure and increase delivered 
blood flow.

Reprinted with permission from: The End-Stage Renal Disease National Co-
ordinating Center (ESRD NCC) Fistula First Catheter Last (FFCL) Workgroup 
Coalition. Fistula First Initiative: cannulation of new fistula policy and proce-
dure. Available at: http://fistulafirst.org/2014. Accessed December 2, 2015.

Needle length
Different needle lengths are available: 3/4” and 3/5” can be 
used in fistulas that are <0.4 cm below the skin surface; 
1” for fistulas 0.4-1 cm from the skin surface; and 1 1/4” for 
fistulas ≥1 cm from the skin surface.17,39 To prevent needle 
penetration into the back wall of the vessel, the shortest 
needle length should be used. But in order to reach deep 
AVFs, such as those found in the upper arm of an obese 
patient, a 1 1/4” needle may be needed.39 Standard metal 
AVF needles are 1” long, but shorter 3/5” AVF needles may 
be better for advancing completely into a shallow new 
fistula.40 Plastic cannula needles are available in lengths 
up to 38 mm, which is close to 1 1/2”. Appropriate needle 
length of all needle types can be determined by the dialysis 
nursing staff.

Back eye 
The arterial needle should always have a back eye to 
maximize flow from the access. Optimal flow prevents 
suction of the needle to the inner vessel wall and reduces 
the need for rotating the needle, which adds trauma to 
the AVF.1,16 And if the bevel of the needle does adhere 
to the vessel wall, blood flow through the bevel is not 
compromised. The back eye should be smooth and flat 
so that its rim does not cut into the vessel during needle 
insertion or withdrawal.17 The plastic lumens of catheter-
encased needles also have side holes to improve flow and 
to prevent vessel wall occlusion. 

Other features to consider
Needles are available with different features that may add 
to patient comfort and safety, as well as clinician safety and 
ease of use.

 › Biocompatibility should be considered if patients 
exhibit any allergic response to materials from the 
metal or tubing, and for the same reason, one might 
consider the sterilization method. 

 › Rotating hub needles to allow rotation of the bevel 
without moving the needle wings41

 › Wings for a secure grip and flexibility in achieving 
different angles for entry into the vessel and for 
securing the needle; rotatable wings may offer more 
flexibility in positioning the needle without stretching 
the vessel

 › Mechanisms to prevent blood back-flow

 › Mechanisms to check for blood flashback 

 › Clamping tube 

 › Single-needle tubing configurations for single-needle 
dialysis 

 › Needle retraction mechanism for overall functionality 
and ease of use to prevent needle sticks 

b) After insertion of the plastic cannula into the vessel, the metal needle is 
retracted into the automatic safety device; only the plastic cannula remains 
in the vessel. The photo shows the metal needle partially retracted. 

Figure 3: Fistula cannula needle (also referred to as a fistula catheter needle 
or a plastic needle)

Figure 1: Basic structure and features of a traditional hemodialysis needle

Blood flow rate (BFR) Recommended needle gauge

<300 ml/min 17 gauge

  300–350 ml/min 16 gauge

>350–450 ml/min 15 gauge

>450 ml/min 14 gauge

Reprinted with permission from: Ball LK. The buttonhole technique for  
arteriovenous fistula cannulation. Nephrol Nurs J. 2006;33:299-304.

Figure 2: Sharp versus blunt needles

a) Only the tip of the metal needle is exposed for insetion when the plastic 
cannula has not yet been deployed.
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NEEDLE OPTIONS FOR SELF-
CANNULATION AND NOCTURNAL 
HOME HEMODIALYSIS
Self-cannulation
In general, the rope ladder technique is used with an AVF 
that has acceptable length and depth. This technique 
may also be preferred for patients who have low vision or 
a tremor. The buttonhole technique can be considered in 
patients who have an AVF with inadequate length, tortuous 
anatomy, or aneurysmal segments. Patients with a needle 
phobia may also benefit from the buttonhole technique, 
but due to its increased risk for infection, this technique 
is not recommended for patients with a history of AVF 
infections, mechanical heart valves, or other prostheses.20

In countries where fistula cannula needles are available, 
patients can self-cannulate either with plastic cannulas 
or with standard sharp needles when using the rope 
ladder technique, or, with blunt needles when using the 
buttonhole technique.20 In the US, the current choices are 
sharp or blunt metal needles only.41 

Nocturnal home dialysis
Where available, flexible plastic cannula needles are used 
for comfort and to prevent needle infiltration during 
nocturnal home dialysis. This type of needle should be 
considered for use in:

 › Patients allergic to metals

 › Restless patients at risk for needle infiltration

 › Nocturnal home dialysis patients using the rope  
ladder technique20

A blunt metal needle can also be used with the buttonhole 
technique to prevent needle infiltration during treatment. 
Sharp metal needles for nocturnal dialysis are not preferred 
due to the potential for needle infiltration during treatment. 
If sharp metal needles are used however, it is critical that 
they be well secured.20

SUMMARY
Just as cannulation technique needs to be individualized, 
so too should needle selection consider individual 
patient risk factors, needs, and preferences. Through 
the interdisciplinary care approach and guidance from 
a vascular access nurse, many quandaries related to 
cannulation, including appropriate needle choice, can be 
solved. Cannulation technique is a primary driver of needle 
choice, but there are many other variables as discussed. 
Consider the number of cannulations needed for more 
frequent dialysis modalities, as well as the patient’s 
potential for frequent and erratic movement, their pain 
threshold and body image, and whether or not they self-
cannulate. Considering these factors will help clinicians in 
delivering individualized patient-centered care. 
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NEEDLE OPTIONS FOR SELF-
CANNULATION AND NOCTURNAL 
HOME HEMODIALYSIS
Self-cannulation
In general, the rope ladder technique is used with an AVF 
that has acceptable length and depth. This technique 
may also be preferred for patients who have low vision or 
a tremor. The buttonhole technique can be considered in 
patients who have an AVF with inadequate length, tortuous 
anatomy, or aneurysmal segments. Patients with a needle 
phobia may also benefit from the buttonhole technique, 
but due to its increased risk for infection, this technique 
is not recommended for patients with a history of AVF 
infections, mechanical heart valves, or other prostheses.20

In countries where fistula cannula needles are available, 
patients can self-cannulate either with plastic cannulas 
or with standard sharp needles when using the rope 
ladder technique, or, with blunt needles when using the 
buttonhole technique.20 In the US, the current choices are 
sharp or blunt metal needles only.41 

Nocturnal home dialysis
Where available, flexible plastic cannula needles are used 
for comfort and to prevent needle infiltration during 
nocturnal home dialysis. This type of needle should be 
considered for use in:

 › Patients allergic to metals

 › Restless patients at risk for needle infiltration

 › Nocturnal home dialysis patients using the rope  
ladder technique20

A blunt metal needle can also be used with the buttonhole 
technique to prevent needle infiltration during treatment. 
Sharp metal needles for nocturnal dialysis are not preferred 
due to the potential for needle infiltration during treatment. 
If sharp metal needles are used however, it is critical that 
they be well secured.20

SUMMARY
Just as cannulation technique needs to be individualized, 
so too should needle selection consider individual 
patient risk factors, needs, and preferences. Through 
the interdisciplinary care approach and guidance from 
a vascular access nurse, many quandaries related to 
cannulation, including appropriate needle choice, can be 
solved. Cannulation technique is a primary driver of needle 
choice, but there are many other variables as discussed. 
Consider the number of cannulations needed for more 
frequent dialysis modalities, as well as the patient’s 
potential for frequent and erratic movement, their pain 
threshold and body image, and whether or not they self-
cannulate. Considering these factors will help clinicians in 
delivering individualized patient-centered care. 
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