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Introduction

In haemodialysis, it is key to successfully obtaining can-
nulation of the arteriovenous fistula (AVF). There are three 
modes: via rope ladder (rotation of cannulation site, using 
the entire length of the cannulation segment), buttonhole 
(constant site, repeating cannulation at the same site, using 
the same insertion and same depth) or area technique 
(puncturing nearby previous cannulation site). For arterio-
venous graft (AVG), the preferred cannulation technique is 
the rope ladder. Scientific evidence supporting the use of 
buttonholes for AVG has not yet been generated.1 It is 
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essential that cannulation can decrease adverse events, 
such as the extravasation of the vessel (during cannulation 
or the haemodialysis session), haematoma, long term 
aneurysm formation or narrowing of the vessel due to inti-
mal hyperplasia from scars.2

Area puncture cannulation techniques and rope ladder3 
have existed since the 1960s.4 The only significant change 
came in 1973 when cannulation techniques came in the 
form of a buttonhole or constant site.5 The main advan-
tages reported for the buttonhole technique are increased 
ease of cannulation, fewer failures in puncture, less pain, 
fewer aneurysms and haematomas.6 Since then, there have 
been many discussions comparing the three techniques.4 
The literature agrees that cannulation, failing in the initial 
period of maturation, can lead to delayed dialysis, haema-
toma, scarring, needle phobia, loss of confidence in the 
cannulator. Moreover, the costs could increase for a patient 
home or performing diagnostic imaging to identify the 
problem or insertion of a central venous catheter (CVC).1,2 
In addition to the innovations related to cannulation prac-
tice, some improvements were linked to the needle length 
and point-of-care ultrasound for evaluation and guidance 
cannulation.2

Despite that, over the past 50 years, most countries 
have continued to use metal cannulation. In particular, in 
Europe, traditional metal needles are the most frequently 
used device to cannulate an AVF/AVG.7,8 However, the 
increase in diabetes and peripheral vascular disease 
patients has resulted in an increase in the number of 
underdeveloped arteriovenous fistulas (AVF) due to arte-
rial calcification, small size of the vessel and poorer ther-
apeutic properties.9 These events can significantly affect 
the nurse's ability to cannulate AVF, particularly when 
patients are new to haemodialysis due to their frailer 
vessels.

The introduction of plastic cannulae could decrease 
many of the problems with cannulation in frail vessels. 
The use of plastic cannulas started in Japan7,8 where plas-
tic haemodialysis cannulas have been available for many 
years. The plastic cannula has been used in Japan for over 
20 years, with about 300,000 patients dialysing three times 
a week with very little reported evidence of adverse 
outcomes.10 The use of plastic cannulas for AVF was 
recently introduced in Australia, and initial results reported 
a reduced risk of infiltration, reduced trauma to tissue and 
vein and the ability to cannulate difficult and tortuous sec-
tions of the AVF. Although there was no evidence at the 
beginning in the literature to support their use to these 
types of veins’ problem, these data were reasonable to 
offer patients a better alternative to metal needles.9 In 
Australia, the Center for the Surveillance of Healthcare 
Related Infections and Prevention and Tuberculosis 
Control stated that metal needles should not be used 
for peripheral vascular access in the general hospital 
population.11

Important improvements in patient quality of life and 
compliance have been noted with the use of plastic can-
nulae. Du Toit8 reported that patients could be cannulated 
in the antecubital fossa, tortuous parts of the vessels and 
that patients have been able to move their arms during 
dialysis without fear of extravasation. There is also a 
reduced risk of the plastic cannulae entering the vessel’s 
side, moving laterally or during removal. The success of 
plastic cannulae, particularly associated with the guide of 
ultrasound, has also been reported7 However, there are dif-
ferent aspects to consider for good survival of plastic can-
nulae, such as selecting the puncture sites through a rope 
ladder, area technique or buttonhole.12 The insertion of 
plastic cannulas into the AVF differs considerably from the 
procedure performed with metal needles. Plastic cannulas 
are inserted into the sites of the AVF via an introducer nee-
dle. The tip of the introducer first pierces the skin and then 
the vessel. Unlike drilling with the traditional metal nee-
dle, the cannulator has less control over the cannulation 
success, such as the possibility of seeing blood reflux, 
because the plastic cannulae has an anti-reflux valve, so 
there is no danger of blood spilling out of the cannulae dur-
ing this process.2 An Australian nocturnal haemodialysis 
programme13 described how, according to Pierratos’14 first 
work, initially nurses used plastic cannulas, but they found 
them more difficult to insert, and therefore they preferred 
to use blunt metal needles with the buttonhole technique.

The technique of inserting the plastic cannulae is differ-
ent from that of traditional metal needles. The cannulator 
should hold the cannulae further back from the AVF, as the 
cannulae have a longer hub. Therefore, any movement of 
the cannulator is transferred more strongly to the tip of the 
introducer into the vessel.1 In addition, plastic cannulas 
with introducers do not have wings like fistula needles, 
being more difficult to hold. A common problem identified 
by cannulators is that they may not have advanced the 
introducer far enough in the vessel before advancing into 
the cannulae; therefore, the cannulae cannot enter the 
lumen of the vessel.1 At the same time, the cannulator is 
unable to manipulate the cannulae after the introducer is 
removed, as failed cannulations may occur.15

In a recent study by Marticorena et al.,16 the comparison 
between plastic cannulae and the metal needle favoured 
plastic cannulae with the relative risk of requiring inter-
vention or infiltration during haemodialysis higher for 
metal needles. The study focused mainly on the costs of 
the two interventions favouring the use of plastic cannulae. 
The frequency of trauma associated with infiltration dur-
ing dialysis was 2.3 times higher for metal needles than 
plastic cannulas. Complications were usually correlated to 
sudden involuntary movements of the patient. Common 
and frequent complications such as infiltration or trauma 
can be prevented by using plastic cannulas. In Marticorena 
et al.’s16 study is reported that the size of the aneurysms, 
yet present at the moment of cannulation, decreased in two 
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patients using plastic cannulae, without any additional 
intervention (i.e. angioplasty of a flow obstructing stenotic 
area), or change in flows or pressure.

The present study aimed to investigate the common use 
of plastic cannulae versus metal for cannulation in dialysis 
units and any related complications focusing on side 
effects of cannulation, that is, haematoma, infiltration.

Materials and methods

The study is a cross-sectional survey. A questionnaire was 
created to investigate plastic cannulae versus metal needles 
for cannulation among haemodialysis nurses. The online 
questionnaire was sent out to the nurse members of the 
European Dialysis Transplant Nurse Association/European 
Renal Care Association (EDTNA/ERCA). EDTNA/ERCA 
is a multidisciplinary European association of healthcare 
professionals caring for people with kidney disease, but it 
also counts many members from other countries world-
wide (Japan, Israel, USA, Russia, Australia). The ques-
tionnaire was anonymous, and participation was voluntary. 
Respondents agreed to the processing of their data. The 
questionnaire was created after reviewing the literature 
and testing the questionnaire among eight members of 
the Executive Committee group of EDTNA/ERCA, with 
a wide experience in renal nursing (min 12 years–max 
25 years).

Statistical analysis

Descriptive statistics were performed using median (first 
and third quartiles) or percentages where appropriate. 
Needles or cannulas use differences from the continent 

(Africa, America, Asia, Australia, Europe), centre size, 
organisation (public, privately-owned, company-owned) 
were tested using one-way ANOVA with Tukey post hoc 
test. Africa and America categories were merged due to 
low sample size. Multiple analysis of variance for paired 
data was performed to highlight infiltration/haematoma 
proportion in different HD phases in the presence of vari-
ous venous access conditions. All statistical elaborations 
were performed using Excel 365 and SPSS 22.0.

Results

A total of 294 responses were collected. About 217 
respondents (73.8%) were females, and 77 (26.2%) were 
males. Five participants (1.7%) were under 25 years old, 
60 (20.4%) were 25–34 years old, 90 (30.6%) were 35–
44 years old, 93 (31.6%) were 45–54 years old and 45 
(15.6%) were ⩾55 years old. About 198 respondents 
(67.3%) were nurses, 62 (21.1%%) were Head nurses and 
the other 34 (11.6%) covered different positions (e.g. nurse 
practitioner, nurse education, nurse specialist, nurse clini-
cian, nursing director). About 24 subjects (8.1%) had less 
than 4 years of experience in haemodialysis, 58 (19.7%) 
had between 4 and 10 years of experience and 212 (72.1%) 
had more than 10 years of experience in nephrology. Data 
regarding the centres’ type and size in which the respond-
ents were working are reported in Table 1.

The use of metal needles was widespread in all conti-
nents; the lowest median value was found in Europe and 
Australia (90%), while in other continents, it showed 
median values of at least 95%. ANOVA test did not show a 
significant difference in usage. Consequently, the use of 
plastic cannulas is much lower, showing the highest median 

Table 1. Descriptive statistics: proportions of use of needle and cannulas stratified for the continent, centre type and centre size 
(number of hospital beds) (median (first to third quartile)).

No of centres Needle Cannulas

Continent
  Africa and America 6 0.95 (0.48–1.00)a,b 0.05 (0.00–0.52)
  Asia 28 1.00 (0.73–1.00)a 0.00 (0.00–0.00)
  Australia 17 0.90 (0.85–1.00)a,b 0.10 (0.00–0.20)
  Europe 243 0.90 (0.40–1.00)b 0.10 (0.00–0.30)
Centre type
  Company-owned 30 1.00 (0.80–1.00)a,b 0.00 (0.00–0.20)
  Privately-owned 48 1.00 (0.80–1.00)a 0.00 (0.00–0.20)
  Public 216 0.90 (0.40–1.00)b 0.10 (0.00–0.38)
Centre size
  <50 39 0.90 (0.60–1.00)a,b,c 0.10 (0.00–0.36)
  50–100 91 1.00 (0.80–1.00)a,b 0.00 (0.00–0.20)
  100–150 90 0.80 (0.20–1.00)c 0.20 (0.00–0.80)
  150–200 25 1.00 (0.70–1.00)a,b,c 0.00 (0.00–0.30)
  >200 49 1.00 (0.80–1.00)b 0.0 (0.00–0.20)

a,b,cSignificant differences among groups (one-way ANOVA, Tukey post hoc multiple comparisons, p < 0.05); the same letter, in uppercase, are 
related to groups not significantly different.
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value (10%) for Australia and Europe; it is also interesting 
to note that the highest third quartile is related to Europe; 
this means that at least 25% of the European centres of the 
sample use plastic cannulas in at least 30% of cases. 
ANOVA test with Tukey post hoc comparisons showed 
that cannulas use in Europe was significantly higher than 
in Asia, whereas Australia and Africa and America showed 
an intermediate use. The use of plastic cannulas depended 
on the type of centre (p < 0.05) and were mainly used in 
public centres (median = 10%; third quartile = 38%). The 
lowest usage was found in privately-owned companies 
(median = 0%; third quartile = 20%). Finally, the highest 
use (p < 0.05) of cannulas was in centres of 100–150 hos-
pital beds, followed by centres with less than 50 beds. The 
results described above are reported in Table 1.

The mean proportions of the five more frequent compli-
cations regarding arteriovenous fistulas (AVF) (deep AVF, 
elbow located AVF, stenosed AVF, tortuous AVF, newly 
created/fragile AVF) using needle or cannulas were com-
pared at four different phases of the haemodialysis pro-
cess: cannulation, HD treatment, needle removal and 
haemostasis. For the deep, stenosed and tortuous AVF, 
there were no differences in the proportions of adverse 
events between the use of metal needles and plastic can-
nulas. For the elbow located AVF, a higher proportion of 
complications were reported when using the metal needle 
to cannulate (p < 0.001) during HD treatment (p = 0.001). 
In newly created/fragile AVF, metal needle use led to 
higher proportions of adverse events in all phases com-
pared to the use of cannulas: cannulation (p = 0.03), HD 
treatment (p < 0.001), needle removal (p = 0.04), haemo-
stasis (p = 0.02). All comparisons are reported in Figure 1.

The reasons why cannulas were not used are shown in 
Figure 2; almost a third of respondents reported they were 
too expensive, about a quarter did not find a clear benefit 
compared to usual practice; about 17% found difficulties 
in the procedure using cannulas, while the remaining 
affirmed the need for further steps or fixation and security 
problems.

Discussion

This study represents the first survey conducted on nurses 
at an international level regarding the use of plastic can-
nulae versus metal needles. The introduction of the plastic 
cannulae dates back to the 1950s when infiltration, scar-
ring and infection were identified concerning the use of 
metal needles for peripheral venous access and it was 
‘imperative that a more reliable, safer device to administer 
treatments was invented’.2,9 However, the introduction of 
plastic cannulas was met with resistance among nursing 
staff. This resistance still appears strong from the results 
represented in the study conducted. Smith and Schoch2 
observed that novice kidney nurses with a background of 
peripheral cannulation in general wards found it relatively 

easy to learn how to insert plastic cannulas. On the con-
trary, nephrology nurses who had punctured with metal 
needles for years found it very challenging to learn this 
new technique. This observation is in line with the sample 
of nurses responding to our questionnaire: 72% had more 
than 10 years of experience, but only a small proportion of 
nurses used plastic cannulas: 16.9% of respondents that 
had not used plastic cannulae had difficulties with this pro-
cedure. Despite adequate training, these difficulties could 
be related to modifying the cannulation technique from 
that with a needle. Another factor may be the ‘Perpetual 
novice’, phenomenon that happens when personal, envi-
ronmental or contextual factors influence the nurse's expe-
rience and confidence in cannulation. Smith and Schoch9 
noted that when some of the staff had difficulty using plas-
tic cannulas, they went back to metal needles rather than 
persevere with the plastic option.

Another important difference emerges between conti-
nents. In Asia, there was no report of the use of plastic 
cannulae, although the literature reports interesting experi-
ences conducted in Japan on its use for over 20 years on 
about 300,000 patients.8 The continents that appear most 
affected by their use today are Australia and Europe. 
Possible resistance to the use of the plastic device includes 
the difference in cost between the two devices. Although 
both are available with the same measures (in gauge), the 
cost difference between the two for a patient having 
three sessions of HD per week increases using a plastic 
device, between EUR 374.40 and EUR 436.80 per 
patient per year.1 This difference could push several 
hospitals, particularly those managed by private individ-
uals, to use a less expensive device, with less training, 
another factor leading to increased costs. When plastic 
cannulas were introduced into an Australian renal depart-
ment, staff needed three times more training (18 months 
instead of 6 months).2 Moving from metal needles to plas-
tic cannulas requires substantial additional training and 
education. The technique is different, requires practice and 
time to enable successful cannulation. It is also important 
that the educator persists and motivates the staff to con-
tinue using cannulas after the initial training to become 
proficient with the new technique.2

Despite the small number of nurses with cannulae expe-
rience who responded to this study, there is a statistically 
significant difference in favour of using the plastic cannu-
lae due to fewer reported complications in elbow located 
AVF and in frail or newly created AVF. In addition, the 
high costs of plastic cannulae may be offset by the reduced 
complications. In a randomised controlled pilot study,16 
the patient group who received metal needles had statisti-
cally significant differences in complications such as 
mechanical trauma and infiltrations during HD. Shi et al.17 
reports that extravasation phenomena and risk of haema-
toma or aborted dialysis session are lower in the plastic 
cannula group than in metal needle group. The cost of the 
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Figure 1. Comparison of needle (black bars) and cannulas (red bars) in the more frequent AVF events (infiltration haematoma), 
during four phases of haemodialysis.

Figure 2. Reasons for not using cannulae.
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interventions related to the treatment of complications led 
to a large increase in expenditure for the group who 
received metal needles. The metal needle group required a 
total of 22 additional procedures directly related to can-
nulation’s consequences, while the plastic group had 11 
procedures representing costs of $55,000 and $27,500, 
respectively, for patients. The total estimated cost/patient-
month was $6622 for the metal group and $3787 for the 
plastic cannulae group.10 Therefore, referring to the unit 
cost of cannulas is not useful for companies that want to 
achieve savings in the long run and a considerable favour-
able impact on the patient in terms of well-being.

The results obtained support what Du Toit8 reported on 
the use of plastic cannulae in regions that are ‘difficult’ to 
cannulate, such as the elbow area. Indeed, a statistically 
significant difference, based on the experience of the 
responding nurses, appears in favour of the plastic device. 
The other statistically significant difference that appears 
from the use of the plastic cannulae turns in favour of the 
newly created AVF: here too in the literature, the experi-
ences of Letachowicz et al.18 and Choi et al.19 support what 
is shared by nurses about the minor complications deriving 
from the use of plastic cannulae on newly created AVF, 
and in particular in the upper arm AVF.19 The widespread 
use of plastic catheters can be useful particularly for 
elderly patients with multiple comorbidities and difficul-
ties with coordination.

The studies report results in line with the conclusions 
of Nardinocchi et al.20 who argues that: the introduction of 
this device in dialysis units must be accompanied by the 
use of operational protocols and adequate staff training19 
to fill specific skills gaps, which should be identified 
through specific questionnaires. Change can be difficult 
but to research and analyse the past experiences of other 
professionals can help with the implementation of new 
devices in the world of haemodialysis. Ultimately this can 
be a step towards promoting personalised care, centred on 
the individual patient.

The study presents some limitations: the sample of 
respondents is a convenience sample with a clear European 
prevalence due to membership in the EDTNA/ERCA. The 
sample is not uniform in terms of length of service or expe-
rience in nephrology. The questionnaire did not specifi-
cally ask which area of the continent, or which state that 
historically have been more advanced in the use of the 
plastic cannulae, the respondents belonged to: therefore, it 
is not possible to say which states did not participate in the 
survey. No equal nurses used the two devices, with a pre-
dominant population using the metal needle. It is neces-
sary to investigate complications with direct studies on the 
patient and have a representative number of both groups. 
The study, however, is the first international multicentre 
study, exploring the common use of plastic cannulae ver-
sus metal needles for cannulation in dialysis units, the 
implications focusing on side effects of cannulation and it 

includes nurses from various clinical settings. A statisti-
cally significant difference in favour of using the plastic 
cannulae emerged in the case of elbow located AVF and in 
frail or newly created AVF due to fewer complications. 
Further studies are needed to understand the differences in 
using the two devices within the same continent or between 
different states or units. It would also be interesting to ana-
lyse the reason for the greater use of plastic cannulae in 
public hospitals and if it is linked to continental factors 
(such as the greater presence of public versus private hos-
pitals, health policies, etc.), rather than to the greater rep-
resentation of the public compared to the private sector.
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