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Abstract

Background Arteriovenous fistulas (AVF) and arteriovenous grafts (AVG) are the preferred options for establishing vascular
access in adult patients undergoing haemodialysis treatment. Although various official recommendations exist for AVF and
AVG cannulation, a comprehensive, personalised approach to cannulation has yet to be proposed. This systematic review
highlights existing knowledge gaps and identifies best practices by synthesising quality evidence on all components involved
in AVF and AVG cannulation for haemodialysis.

Methods A search was conducted across the PubMed, CINAHL, Cochrane, Scopus and Web of Science databases for studies
published between January 2016 and January 2023. This review followed the PRISMA statement and was registered with
PROSPERO (CRD42024293288).

Results Twenty-four studies met the inclusion criteria and reported outcomes for 11,687 patients and 801 ward staff in 14
countries. Collectively, their results emphasized a person-centred approach, the importance of nurses’ and patients’ skills,
and the need for continuous learning to enhance patient care. While recommendations varied, the implementation of the
button-hole technique and innovative nurse-led devices such as plastic cannulas and point-of-care ultrasound guided can-
nulation were highly recommended.

Conclusion This systematic review highlights the importance of adopting a person-centred approach to managing patients
undergoing haemodialysis. It also recommends the systematic assessment of vascular access and the continuous training
for nurses and patients. Further research is needed to evaluate the cost-effectiveness of innovative, nurse-led tools in hae-
modialysis units.
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BACKGROUND

X No international
cannulation

consensus onh AVF/AVG

« AVF preferred (v infection, + patency)

AO Cannulation = skill-

dependent

complex, variable,

@ Aim: synthesize evidence -» support person-
centred approach

RESULTS

', Person-centred

approach. Need to
emphasize individual patient needs, nurses’
and patients’ skills, and continuous learning.

Buttonhole technique. Advantages include

fewer hematomas and higher patient
satisfaction.
(J; Innovative devices. Evidence confirms

benefits of point-of-care ultrasound guided
cannulation and plastic cannulas.

Ml Systematic review of 24 studies (2016-2023),
14 countries

i\ Sources: PubMed, CINAHL, Cochrane, Scopus,
Web of Science

& Population: 11,687 patients, 801 ward staff
Registered in PROSPERO (CRD42024293288)

CONCLUSIONS

A person-centred care approach should be
@ adopted.

Training nurses and educating patients are
(\/) key to improving outcomes.

Further research is needed to evaluate cost-
effectiveness of innovative tools.
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Introduction

Arteriovenous fistulas (AVFs) and grafts (AVGs) are the
preferred vascular accesses for patients with chronic kidney
disease undergoing haemodialysis (HD) (1). Evidence points
to the superiority of AVF and AVG over catheters and to a
lesser extent, AVF over AVG [1-3]. Evidence shows that
AVF lasts longer, requires fewer interventions, has the low-
est infection rates and manifests better patency than AVG or
central venous catheter [2].

Nurses play a crucial role in cannulating AVFs and
AVGs, significantly impacting the patients’ experience [4].
A thorough understanding of AVF and AVG performance
could improve outcomes and inform decision-making [5].
However, patients and healthcare providers often encounter
common cannulation-related complications associated with
nursing cannulation skills [6, 7], haemostasis [3] and patient
comorbidities [8].

@ Springer

AVF and AVG cannulation is a complex and multi-step pro-
cess that can be executed in various ways. Numerous options
are available for needle selection, choice of skin disinfectant,

Table 1 Search strategy

Haemodialysis AND Fistula AND Cannulation
OR OR OR
Dialysis Arteriovenous fistula Catheterization
OR OR OR
Dialyses Vascular fistula Needling
OR OR

Haemodialyses Vascular access

OR OR

Haemodialyses Arteriovenous graft

OR

Renal dialysis

OR

Renal dialyses
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tourniquet use, needle insertion point, bevel positioning (i.e. up
or down), and needle rotation and fixation [9]. Consequently,
establishing reliable vascular access cannulation protocols that
take into consideration substantial management differences
between regions and countries is challenging [2]. Official rec-
ommendations exist for maintaining access patency, access type
selection and preventing complications [10]. However, these
vary in practice, given the individualised training necessary for
AVF and AVG cannulation [11].

‘We examined the available evidence regarding all variations
in AVF and AVG cannulation for HD, to provide a comprehen-
sive systematic narrative regarding cannulation approach.

Materials and methods

A systematic review with narrative synthesis was con-
ducted following the guidelines established by Mays et al.
[12] and Popay et al. [13]. The PRISMA statement guided

the review [14, 15], and was registered with PROSPERO
(CRD42024293288).

Search strategy

The search was conducted from January 2016 to January
2023 across the PubMed, CINAHL, Cochrane, Scopus and
Web of Science databases. In the PubMed database, we
initially used specific headings to select terms indexed to
each descriptor, followed by the Boolean expressions AND
and OR to refine the search, which was then activated. An
identical process was used for the CINAHL and EMBASE
databases (Table 1). Additionally, we reviewed the citations
and reference lists of the selected studies to ensure that no
relevant papers were overlooked.

Eligibility criteria

We used qualitative, quantitative, mixed-method studies
and systematic reviews to provide insight into stakeholder’s

Identification of studies via databases and registers ]

Records removed before screening:
Duplicates removed (n=138)
Records automatically marked as
ineligible (n=0)

Records removed for other reasons
(n=497)

A 4

Reports excluded**
(n=86)

A 4

o] Reports not retrieved
(n=0)

Reports excluded (n=51):
1. Only abstract available(n=3)
2. Published in language other than

English or Spanish (n =1)
3. Gray literature (n=11)
4. Full-text unavailable (n=11)
5. Single puncture (n=4)
6. Home dialysis (n=1)
7. Not focused on cannulation (n=21)

8. Non-systematic review (n=3)
9. Other cannulation types (n=1)
10. Commercial purposes (n=1)

Fig.1 PRISMA2020 flow dia- [
gram for systematic reviews
)
Records identified from*:5349
£ CINAHL (n=229)
€ Cochrane (n=246)
& PubMed (n=2626)
g Scopus (n=1100)
3 Web of Science
= (n=1148)
—
M
Reports screened
(n=160)
&
'é Reports targeted for retrieval
o (n=75)
9
177}
Reports assessed for eligibility
(n=75)
—
)
=
D
k)
= Studies included in review
= (n=24)
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Table 2 (continued)

18

JBI
Include

tant criteria for successful
cannulation, 84.1% of the
nurses agreed with ‘Patient
level of comfort (i.e., pain

When asked about impor-
with cannulation).’
Nurses agreed that the

Results

252 nurses

To investigate whether the
choice of cannulation

Aim

Design

https://doi.org/10.1177/11297 Cohort study
29818788811

DOI

Main author, year, country
Wilson, 2018, Canada

Springer

technique—buttonhole with

sharp or blunt needles—

affected the development
of arteriovenous fistula

complications

‘Patient-centred approach

during cannulation/ patient-
centred care ‘friendliness’
of nurse’ is an important

criterion for successful

cannulation

AVF arteriovenous fistula, AVG arteriovenous graft, BH buttonhole, CAD $ Canadian dollar, G gauge, HD hemodialysis, k#/V clearance time volume, MN metal needle, PC plastic cannula,

POCUS point of care ultrasound, RCT randomised controlled tiral, RL rope-ladder, VA vascular access

decisions when navigating the AVF and AVG cannulation
process. Studies conducted in public and private hospitals/
clinics with adult patients were included. We excluded all
paediatric studies, studies of other, non-AVF or AVG can-
nulation methods, single-puncture cannulation studies, home
dialysis studies, and studies that addressed specific aspects
of fistula care without addressing cannulation, since these
studies solely focused on pain assessment and/or treatment.
Studies that addressed commercial purposes, those that
strictly focused on cannulation complications or early can-
nulation issues, and those that focused on the COVID-19
pandemic and simulation studies were also excluded.

Study selection

All included articles in English and Spanish published from
January 2016 to January 2023 were exported to Covidence
software. After removing duplicates, two researchers (MCH
and AC) independently assessed the titles and abstracts to
determine their potential relevance for inclusion, and if there
were discrepancies, a senior researcher (MPB) reviewed the
articles. The eligible articles were then reviewed indepen-
dently and blindly by three pairs of reviewers (MCH and
MPB, MC and AN or MC and JU) to ensure a transpar-
ent selection process. If there were disagreements, a senior
researcher (AC) resolved the conflicts. Following this selec-
tion, the full versions of the potentially eligible articles were
extracted by MCH and reviewed by MPB and AC (Fig. 1).

Quality appraisal

We used critical-appraisal-tools from the Joanna Briggs
Institute (JBI) (https:/jbi.global/critical-appraisal-tools) to
determine the quality of each included study (Table 2).

Data abstraction and synthesis

We collected the data using Covidence and then analysed it
to ensure it met our research objectives. We used a structured
table to organise variables such as authors, year and country
of publication, study aim, sample, study design, and relevant
results (Table 2).

Following guidelines established by Mays et al. [12] and
Popay et al. [13], we used a narrative synthesis approach
to summarise the selected studies in a structured manner.
We identified patterns and commonalities among the stud-
ies, which were thus organised into themes. Each paper was
then evaluated in the context of each theme, each of which
was further refined through an iterative process. Finally, we
synthesised the evidence to provide a narrative relevant to
the research question.


https://jbi.global/critical-appraisal-tools
https://doi.org/10.1177/1129729818788811
https://doi.org/10.1177/1129729818788811
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Results

Twenty-four studies met the eligibility criteria. The key
characteristics of these studies are outlined in Table 2. The
24 studies encompass data from 11,687 patients, 801 dialy-
sis ward staff, 150 haemodialysis units, 29 local guidelines
and 82 studies conducted across 14 countries. Overall,
the quality scores of the studies were high, as indicated in
Table 2. After assessing the methodological quality, one
study with a low quality score was excluded.

AVF cannulation outcomes were categorised into five
groups: (1) planning cannulation, (2) cannulation technique,
(3) needle-related factors, (4) ultrasound-guided cannulation
and (5) post-cannulation aspects.

Planning cannulation

Wilson et al. [16]. analysed the opinions of both patients
and professionals regarding AVF cannulation, and Harwood
et al. [4] developed a qualitative study that explored fac-
tors contributing to cannulation success. Both studies high-
lighted the importance of person-centred care for successful
cannulation.

In the former study, both patients and nurses agreed on the
significance of the patient’s comfort level and the presence
of direct support staff. In the latter study, nurses highlighted
the importance of educating patients about the benefits of
AVFs, and of the need for empathy. They also emphasised
the significance of being sensitive to the patient’s emotional
responses, approaching cannulation with a pre-planned strat-
egy, and avoiding transferring their own nervousness to the
patient. When nurses were asked about aspects of developing
cannulation skills, a commonly expressed desire was to have
more opportunities to practice the skill [4].

A mixed-method study by Staaf et al. [17] explored can-
nulation-related factors. They found that nurses perceived
cannulation knowledge as being closely linked to experi-
ence. Nurses also found it important to keep their skills up

to date by attending educational events, consulting with
experts, and observing other expert nurses execute the pro-
cedure, and felt that teamwork and relying on colleagues
were essential for successful cannulation [4].

Staaf et al. [17] analysed 29 local guidelines and recom-
mended ‘the rule of 6’ (6 mm deep, 6 mm wide, blood flow
of > 600 ml/min, 6 weeks to maturation) when describing
factors indicating that a newly created AVF is ready for can-
nulation. The planning of AVF care and the management of
AVF complications were referred to the access nurse, who is
the key person responsible for informing patients. The local
guidelines also emphasised the need to conduct a thorough
physical examination of the fistula (inspection, auscultation,
palpation) before cannulation. Staaf et al. [17] also high-
lighted the importance of hygiene routines for nurses and
patients during the aseptic cannulation process (Table 3).

Cannulation technique

Staaf et al. [18] conducted a mixed-method study to eluci-
date the reasons behind the nurses’ choice of cannulation
technique for AVF. The blunt needle buttonhole method was
the most popular technique among nurses, while the least
popular was area puncture. Nurses tended to prefer the blunt
needle buttonhole method when the patient was also under-
going dialysis three times a week or more, if the cannulation
area was short, and/or the patient feared needles. Conversely,
the authors stated that the blunt needle buttonhole method
should be avoided if the patient shows signs of poor hygiene
or prefers a different technique.

Staaf et al. [17] and two systematic reviews with meta-
analysis [19, 20] reported on the strengths of the buttonhole
technique (e.g. low risk of infiltration, ease of placement,
less pain, prolonged patency, fewer aneurysms, less stenosis,
haematoma risk reduction and fewer thrombi). However, a
systematic review conducted by Delgado-Ramirez et al. [21]
found that the buttonhole technique is rarely implemented
because knowledge about it is primarily theoretical and the
nurses dislike it. Furthermore, the buttonhole technique is

Table 3 Hygiene routines Nurse

Patient

Before treatment

apron, gloves, mask and/or visor during cannulation

Wash their arms

- chlorhexidine 5 mg/ml or
- 70% ethanol

During cannulation

- disinfecting the whole AVF area from top to bottom or

- local disinfection

- circular sweep or
- disinfection in one straight direction

BH: scabs should be removed and the area disinfected before
and after scab removal

After treatment

- disinfect the cannulation site after needle withdrawal

AVF arteriovenous fistula, BH buttonhole
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associated with some complications, such as the risk of false
tracks and bacterial growth.

The rope-ladder technique has been described as a tem-
porary solution if the buttonhole technique does not work
for a particular patient [18]. However, a cross-sectional
study conducted by Parisotto et al. [9] found a relationship
between using the rope-ladder technique and an increased
risk of multiple cannulations.

Wang et al. [20], Ren et al. [19] and Delgado-Ramirez
et al. [21] found that infections were one of the most com-
mon cannulation-related complications. However, Wang
et al. [20] and Ren et al. [19] found no statistically significant
difference in the incidence of infections relative to puncture
technique, while Delgado-Ramirez et al. [21] reported some
discrepancies concerning the buttonhole technique.

A retrospective study conducted by Staaf and Uhlin [22]
collected patient data and found that alternating between
the blunt needle buttonhole technique and the sharp needle
buttonhole technique significantly increased the incidence
of local infections. Interdialytic bleeding was more common
among patients cannulated with the sharp needle buttonhole
technique compared to those cannulated with the blunt nee-
dle buttonhole technique.

Finally, Ren et al. [19] and Wang et al. [20] reported no
statistically significant difference between using the but-
tonhole and rope-ladder techniques with regard to fistula
survival.

Needling-related factors

De Barbieri et al. [23] explored cannulation-related com-
plications by interviewing nurses and found that metal nee-
dles were the most popular. Plastic cannulas were viewed as
needing improvement, such as the need to incorporate wings
(74.7%) and improve the blood visualisation system (39.8%).
Pedreira-Robles et al. [24] conducted a cross-sectional study
to analyse the nurses’ experiences with the use of plastic can-
nulas. They found that 42.3% of nurses reported that plastic
cannulas were available at their workplace and 55.8% had
received formal training on using plastic cannulas. However,
a sizeable percentage of nurses mentioned cost when asked
about the reasons for not using plastic cannulas (32.2%). A
randomised controlled pilot study conducted by Marticorena
et al. [25] assessed cannulation-related complications and
found no significant differences between metal needles or
plastic cannulas for blood pressure, pulse, blood-flow rate
(Qa), dialysis circuit flow (Qb), urea reduction ratio (URR)
and Kt/V. In a randomised open-label study, Choi et al. [26]
found that patients cannulated with plastic cannulas showed
lower dynamic pressures, allowing for a higher Qb. Choi
et al. [27] also conducted a randomised controlled trial to
determine whether implementing plastic cannulas for new
AVFs affected cannulation failure rates and haemodialysis

@ Springer

adequacy compared to traditional metal needles. They
reported that initial cannulation failure was statistically sig-
nificantly more frequent among patients cannulated with
a metal needle. Lastly, Marticorena et al. [25] found more
complications in the metal needles group. Furthermore, Choi
et al. [27] found that plastic cannula use was associated with
a shorter time to haemostasis at first needling. The local
guidelines of haemodialysis units analysed by Staaf et al.
[17] tended to recommend plastic cannulas when the AVF
was new or if the patient was moving around, because of the
reduced infiltration risk. De Barbieri et al. [23] also reported
more adverse events in AVFs during cannulation, haemodi-
alysis treatment, needle removal and haemostasis in patients
cannulated with metal needles.

Regarding needle size, a cross-sectional study conducted
by Martins-Castro et al. [28] analysed patient questionnaires
to assess Kt/V, the distance between needles, the direction of
the needles and needle size. Most respondents preferred 15G
over 16G needles. Conversely, Sallée et al. [29] conducted a
cross-sectional study that analysed questionnaires answered
by nurses regarding haemostasis-related factors. The local
guidelines reviewed by Staaf et al. [17] found 16G needles
to be the most frequently used. Nevertheless, Staaf et al.
found that most haemodialysis units recommended either
17G or 16G needles at the first cannulation. Parissotto et al.
[9] analysed 10,807 cannulation procedures and found that
15G needles were most commonly used to cannulate AVFs
and 16G needles were most widely used to cannulate AVGs.
Most haemodialysis units included in Staaf et al.’s [18]
mixed-methods study stated that 15G needles were saved
for chronic (i.e. ‘non-acute’) AVFs. According to Parisotto
et al. [9], cannulating with 16G needles or 17G needles was
associated with a higher risk of complications, such as multi-
ple cannulations, haemorrhage, haematoma, infiltration, etc.
Along this line, a prospective cohort study by Coventry et al.
[30] discussed cannulation episode success, cannulation-
related complications and dialysis adequacy per session and
found that cannulation was 265% more successful when a
14G venous needle was used instead of a 17G or a 15G, and
358% more successful than when a 17G needle was used.

Bayoumi and Khonji [31] conducted a cross-sectional
study that analysed patient surveys. They found the most
common needle placement was bevel up (72.4%). There was
a consensus among the local guidelines reviewed by Staaf
et al. [18], the cohort study carried out by Coventry et al.
[30], the cross-sectional study of Sallée et al. [29], Parisotto
et al. [9] and Staaf et al. [17]. However, in a single-blind
crossover study, Ozen et al. [32] found that patients experi-
enced less pain when cannulated with the bevel facing down.
Moreover, post-removal bleeding time was reduced when
the bevel was pointed downwards. Parisotto et al. [9] found
that rotating the needle post-puncture increased the risk of
cannulation-related complications. This statement was also
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supported by Coventry et al. [30] who found that keeping
the arterial needle upright, rather than rotating, increased the
chances of cannulation success.

Elias et al. [33] prospectively explored cannulation-
related factors. They found the median recirculation rate
was 10% (range 6-13%) when patients were cannulated with
anterograde needles compared to 9% (range 5-13%) when
fistulas were cannulated with retrograde needles. Moreover,
Ozen et al. [35] found that Kt/V was lower when the needle
was placed in the anterograde direction.

Dialysis units varied in their tourniquet recommenda-
tions [17]. When choosing a cannulation site, the researchers
found that the arterial needle should be placed within 2 to
5 cm of the anastomosis. Some units recommended moving
the next cannulation site 0.5-2 cm [17].

Ultrasound-guided cannulation

The scoping review carried out by Schoch et al. [36] con-
cluded that point-of-care ultrasound (POCUS) could be used
to assess AVFs that have not reached the minimum required
diameter of 6 mm to enable cannulation, and that POCUS
was considered complementary to the nurses’ physical
assessment. Furthermore, the use of ultrasound was associ-
ated with the potential to improve the cannulation experi-
ences for patients with new AVFs, to increase the cannula-
tion accuracy, and to increase dialysis pump speed tolerance.
In fact, in a retrospective study by Darbas-Barbé et al. [34]
that assessed the adjustment of the cannulation technique,
the use of ultrasound findings allowed the switch from the
area puncture technique to the rope-ladder technique.

Post-cannulation

Needle placement can affect both venous and arterial pres-
sure. In the study conducted by Staaf et al., the lower limit
of arterial pressure during the first cannulation was set to
— 100 mmHg, dropping to —200 mmHg over time. During
the first treatments, venous pressure was not raised above
100 mmHg, and once the AVF had matured, it was not to be
raised above 150- or 200 mmHg [17].

Sallée et al. [29] found that the most common method for
bleeding control was placing a dressing followed by a gloved
finger. Staaf et al. [17] found that most units recommend
removing both needles simultaneously at the same angle as
their insertion, and applying no pressure before complete
removal. All responding haemodialysis units recommended
providing compression with sterile or clean gauze. Coal-
gan/Coalgan H (calcium alginate) was the most widely used
dressing. In this study, the compression force applied to stop
the bleeding for 10 or more minutes was reported as being
strong in 77.2% of the cases, and when bleeding exceeded

10 min, the force was strong in 74.6% of cases. Staaf et al.
recommended constant pressure, although the AVF thrill
should be palpable the whole time. Finally, a growing trend
toward using adjustable devices for applying pressure has
been reported [51].

Discussion

This is the first systematic review examining the available
evidence regarding components involved in AVF and AVG
cannulation for HD to provide a comprehensive narrative
cannulation approach. By including diverse interventions,
research designs, outcome measures and settings, this review
provides a thorough understanding of current cannulation
practices. Although similar studies have been conducted -a
narrative review by Pinto et al. [2] that included clinical
guidelines, a systematic review with narrative synthesis by
Downey et al. [37] that addressed clinical signs monitoring,
the Kidney Disease Outcomes Quality Initiative (KDOQI)
that recommended general vascular access care [10] and the
scoping review conducted by Harwood et al. [4] that focused
on successful cannulation aspects- they did not address all
the elements involved in the cannulation process in a narra-
tive and integrated way.

Despite the significant challenges associated with can-
nulation for HD, little advice is given in the clinical units
about how the procedure should be performed or regarding
the training of nursing staff who cannulate. This has led
to variations in cannulation [2]. The analysis of the studies
involved in this systematic review identified notable differ-
ences between results when considering cannulation tech-
niques and needling-related factors, offering less certainty
as to the expected benefits and harms of different strategies;
however, differences in pre-cannulation and post-cannulation
aspects were less prominent (Fig. 2).

Considering the elements involved in the pre-cannulation
process, there is a certain consistency in the results obtained
in some of the studies included in this systematic review.
On the one hand, these studies prioritised the person-cen-
tred care approach as an essential element for successful
cannulation [4, 16]. Person-centred care has become a key
global approach that seeks to address all factors of complex
healthcare-related processes by helping nurses understand
the patients’ personal life histories and health experiences
[38]. Valentijn et al. [39] stated that person-centred care may
reduce hospitalisation and improve blood pressure control
compared with usual care. Lewis et al. [40] also identified
practices related to person-centred care. They found that a
complex interplay of prerequisites was necessary, including
engaging patients and providers to jointly develop and evalu-
ate a programme of ongoing care, and support clinical staff
working to achieve better outcomes for their patients. The

@ Springer



2552 Journal of Nephrology (2025) 38:2539-2555
PLANNING CANNULATION NEEDLING
CANNULATION TECHNIQUE POCUS POST-CANNULATION
FACTORS
—Complications MN>PC
[—Lower artery blood flow rate when — Assessing undeveloped AVFs — Blood flow rate in mature AVFs
["PCC and teamwork AP was selected least using PC —Improving patients’ cannulation (— Arterial and venous pressures
L Skill practice | AVF stenosis risk —Increased risk associated with 16G experiences, accuracy and dialysis  — Hemostasis technique
and 17G needles
[ —"The rule of 6” —BH preferred over RL | ! pump speed
V.4 Bevel up more common (—Tool for adjusting the cannulation
E —Access nurse —BH advantages over RL —Bevel down reduces pain and post- technique
= —AVF/AVG removal bleeding
E | _assessment —Needle rotation increases the risk
% Hygiene routines Needle should be placed 2-5cm
—away from the anastomosis
COMPONENTS INVOLVED IN AVF AND AVG CANNULATION
= I— Differences between using
Z MN or PC in blood pressure,
= pulse, Qa, Qb, PRU and Kt/V
E — Development of infections
= across different I— Frequency of use of 15G vs.
E cannulation techniques 16G
o .
< ‘— BH reduces hematoma risk — Tourniquet use '—Blood flow rate in new AVFs
2]
a
PLANNING CANNULATION NEEDLING POCUS POST-CANNULATION
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Fig.2 Components involved in AVF and AVG cannulation

therapeutic person-centred care relationship gives patients
a sense of feeling understood by nurses. Person-centred care
can help restore hope, control the sense of helplessness,
strengthen the positive aspects of health behaviours, improve
medical care quality and help patients cope with challenges
[41]. Furthermore, knowledge and desire for lifelong learn-
ing are commonly highlighted as important characteristics
that nurses adopt to benefit their patients [4, 17]. Incorporat-
ing routines such as complete daily fistula examination and
the ‘Rule of 6 show promise for improving cannulation [17,
42, 43]. Patients examining their own fistulas on a daily basis
has also been remarked upon [42].

Cannulation technique recommendations vary widely.
Although conventional guidelines have traditionally pre-
sented the rope-ladder technique as the optimal and safest
method [10, 52], this systematic review has predominantly
favoured the buttonhole technique [17-20]. VanLoon et al.
[44] also found that patients cannulated using the buttonhole
technique experienced less haematoma formation, required
less local anaesthetic cream and significantly fewer endovas-
cular interventions. However, some risks have been identi-
fied, such as false tracks and bacterial growth [21]. Lyman
et al. [45] also found that the buttonhole technique increased

@ Springer

the risk of access-related bloodstream and local access-site
infections. Nevertheless, as Collier et al. [46] stated, such
risks can be mitigated through education programmess or
strict aseptic guidelines. Given the advantages of the but-
tonhole technique over the other techniques, it is remark-
able how infrequently it is implemented in dialysis units.
Inadequate training of, and insecurity among, the nurses, as
well as resistance by the patients are implementation barriers
[21]. Ultimately, the technique should be custom-tailored to
each patient, considering personal characteristics, arterio-
venous access type and the haemodialysis team’s experience
[47].

It is noteworthy that the area puncture technique was
identified as the least popular option among nurses in the
review by Staaf et al. [18]. Although this extended cannula-
tion technique might be perceived as less complex in the
short term as it does not require the skill of rotating sites or
the careful establishment of a tunnel tract as in other meth-
ods, its long-term risks should be strongly acknowledged
[47].

This systematic review raises many questions concern-
ing needling-related factors. Concerning materials, the use
of a plastic cannula may cause fewer complications than a
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metal needle [17, 23, 25, 27], possibly because of its smaller
size which results in smaller puncturing holes and minimises
haematoma formation [48]. Plastic cannulas have a higher
substitution volume than metal needles [33]. Unfortunately,
one of the most often reported obstacles to implementing
plastic cannulas in haemodialysis units was the high cost
compared to metal needles [25]. Long-term cost-effec-
tiveness measures could be implemented and evaluated to
achieve consensus regarding other needling-related factors,
such as needle size [7-9, 9-18, 28, 30], placement [9, 18,
30, 31], direction [33, 35] and compression use [17]. Again,
person-centred care requires an individualised approach to
haemodialysis vascular access that considers each patient’s
unique balance of risks and benefits [6].

Several studies in our systematic review recommended
ultrasound-guided cannulation (POCUS) [34, 36]. How-
ever, these devices remain uncommon in haemodialysis
units and require nurses to have specialised training. Some
facilities use POCUS only in cases of puncture-related
complications [42], as its high cost is seen as a barrier to
general implementation [49]. In any case, more research is
needed to position POCUS as a valuable tool for improv-
ing fistula cannulation [50].

Post-cannulation studies have highlighted the impor-
tance of appropriate needle removal [17, 29]. Tradition-
ally, it was assumed that the most effective method for
applying pressure to achieve haemostasis post-needle
removal was direct, two-finger pressure applied by the
patient. However, there has recently been a growing trend
toward using adjustable devices for applying pressure [51].
Ultimately, studies show a consensus in favour of develop-
ing post-cannulation individualised care.

Without general reliable AVF and AVG guidelines,
cannulation and post-cannulation procedures can be
challenging. From a person-centred care approach, these
procedures require continuous training, patient educa-
tion and updating of nursing skills. Nurses should assess,
plan, implement and evaluate the care given to patients
before, during and after cannulation to provide individual-
ised care, maintain cannulation competency and deal with
complications properly. Patients should also be instructed
on vascular access care, receive structured training under
the nurses’ supervision and perform daily physical AVF
examinations with nurses.

Awareness of costs and outcomes is essential for making
value-based healthcare decisions and preventing complica-
tions. The implementation of innovative, nurse-managed
devices for cannulation such as plastic cannulas and POCUS
has the potential to enhance confidence when undertaking
more challenging techniques. It is imperative that further
research be conducted to evaluate the cost-effectiveness and
cost—benefit of these innovative tools in haemodialysis units.
This study has some limitations. Only studies published in

English and Spanish were included for review. Furthermore,
data not published in indexed scientific journals, such as
local guidelines, were omitted. This synthesis used gener-
alised results to describe various interventions and designs;
therefore, our findings may not apply to every patient or clin-
ical scenario. Finally, we only included challenges analysed
in the selected articles. Other barriers may emerge over time.

Conclusions

This review synthesises available evidence regarding cur-
rently reported AVF and AVG cannulation variables.
Although pre- and post-cannulation differences are less
prominent, there is a notable discrepancy between the can-
nulation technique and the needle-related factor results.
Instead of developing generic protocols or guidelines, there
is an urgent and unmet need for personalised, case-oriented
frameworks that take a person-centred care approach to
managing patients undergoing haemodialysis. Our results
reaffirm the importance of systematic assessment of the
AVF and continuous training of nurses and patients. Evalu-
ation of the cost-effectiveness of innovative nurse-managed
devices such as plastic cannulas and POCUS is highly
recommended.
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