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1  | INTRODUC TION

Vascular access is required to undertake hemodialysis treatment and 
can be attained via arteriovenous fistulae (AVF),1 arteriovenous grafts 
(AVG),2 or central venous access devices (CVAD).3 Cannulation of 
these vessels has traditionally used the “look, listen and feel” approach, 
known as “blind” cannulation.4-6 Unfortunately, complications of blind 
cannulation result in access damage, access failure, treatment delay 
and increased requirement for CVADs.7-11 Furthermore, the com-
mon practice of repeated cannulation of an AVF/AVG in one location 
weakens the vessel wall, increasing the risk of aneurysms.12 Over time, 
due to turbulent blood flow within the aneurysm, intra-aneurysmal 

thromboses can form and the skin can become weaker and shinier, af-
fecting cannulation, and prolonging bleeding times post dialysis.13

To avoid blind cannulation, some clinicians have turned to ul-
trasound technology to visualize vessels. This practice shift has 
emerged from a history of sonographers using large ultrasound ma-
chines to determine the vessels available for surgical creation of an 
AVF and to diagnose access complications.14,15 In the early 2000s, 
portable ultrasounds allowed non-sonographer clinicians to use ul-
trasound at point-of-care to assess accesses prior to cannulation, 
and guide cannulation with real time vision.6,16,17 However, despite 
ultrasound devices becoming smaller, more affordable and increas-
ingly available, hemodialysis clinical uptake remains low.18
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Ultrasound for assessment and guidance is a useful adjunct to 
other vascular access clinical assessments, particularly for vessels 
that are new, small, mobile, or tortuous.5,6 Currently, the use of ul-
trasound for assessment and cannulation guidance is recommended 
in only one hemodialysis guideline worldwide; however, this recom-
mendation is not supported by empirical evidence.19 Furthermore, it 
is not clear what evidence currently exists in relation to ultrasound 
use for vascular access assessment and cannulation guidance.

Scoping reviews are generally conducted when there is a distinct 
lack of randomized controlled trials in a particular clinical research 
area that precludes synthesis of findings from homogenous data sets 
to undertake a systematic review and meta-analyses.20 A scoping re-
view allows for the inclusion of published and non-published mate-
rial, and includes any heterogeneous data to provide an overview of 
the breadth (or lack) of information available on a particular topic of 
interest.21-23 The purpose of this scoping review was to investigate 
current available literature and gaps in evidence related to point-of-
care ultrasound (POCUS) for hemodialysis vascular access, and par-
ticularly POCUS-guided cannulation in hemodialysis vascular access. 
Information gathered from this review will inform requirements for 
clinical practice and further clinical research.

2  | AIM

The aim of this scoping review was to answer the following questions:

1. In what circumstances do renal nurses and technicians in hemo-
dialysis units use POCUS for cannulation guidance of vascular 
access?

2. What are the reported barriers and facilitators related to the ex-
perience of renal nurses and technicians using POCUS for can-
nulation guidance in hemodialysis?

3. What is the empirical evidence to support the use of POCUS-
guided cannulation of vascular access in hemodialysis?

3  | METHODS

The scoping review was guided by a predefined protocol informed by 
contemporary methodologies for scoping reviews, specifically follow-
ing the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses-Extension for Scoping Reviews reporting guidelines.20,22-24

3.1 | Eligibility criteria

The lack of evidence for use of POCUS-guided cannulation in he-
modialysis informed the decision to include grey literature such as 
conference abstracts, literature reviews, opinion pieces, position 
papers, letters, and theses, along with the published peer-reviewed 
primary research studies. The date range for retrieval was 1980 on-
wards because ultrasound was not used in hemodialysis prior to the 

1980s. Inclusion criteria were literature reporting: adult (18+ years) 
hemodialysis patients; hemodialysis patients with AVF; hemodialy-
sis patients with AVG; use of POCUS for cannulation by nurses and 
renal technicians; use of POCUS for assessment by nurses and renal 
technicians; use of POCUS for AVF monitoring; and studies based in 
any hemodialysis setting (in-center, satellite, home).

Publications were excluded if they: were not published in English; 
investigated POCUS-guided peripheral cannula insertion or POCUS 
use in general vascular access; included iatrogenic AVF; were animal 
studies; referred to guided ultrasound being undertaken by a sonogra-
pher, radiographer, physician or surgeon; investigated CVAD insertion; 
investigated ultrasound dilutional access flow monitoring; or examined 
cannulation techniques but did not mention use of ultrasound. While 
there are frequently cited abstracts,25,26 letters27,28 and other pub-
lished works related to the use of POCUS in hemodialysis by nephrol-
ogists,17,29 surgeons,30 or sonographers,31 these did not meet agreed 
inclusion criteria, so were excluded from this review.

3.2 | Database search

A bibliographic database search of CINAHL complete, Medline com-
plete and EMBASE was conducted. Restricted to the years 1980-2019, 
MeSH (Medical Subject Heading) and CINAHL terms were searched 
for in both title and abstract. Search terms included: “hemodialysis,” 
“vascular access,” “AVF,” “AVG,” “ultrasound,” “sonography,” “cannu-
lation,” “miscannulation,” and “nurse”. Search terms were combined 
using Boolean operators AND and OR. The Cochrane Database of 
Systematic Reviews and Cochrane Central Register of Controlled Trials 
were searched without year restrictions. Sources of grey literature 
searched included ProQuest, Trove, and Google Scholar.

Publication titles and abstracts were independently reviewed by 
two reviewers (MS, PB, or MS, AH) using the Rayyan QCRI system.32 
Reviewers resolved all conflicts without the requirement of a third 
reviewer.

3.3 | Data extraction

Data extraction was undertaken by one researcher (MS) using a tool 
based on the inclusion criteria and checked by a second researcher 
(AH) with consensus reached on relevant data. Data extraction ta-
bles were devised by the authors to collate and present information 
according to the scoping review questions (see Tables 1 and 2).

4  | RESULTS

A total of 1904 publications were retrieved, leaving 1885 unique 
records after duplicate removal. Screening of titles and abstract 
resulted in 89 publications requiring full text review. After full text 
review (MS/PB), another 68 publications were excluded because 
the authors referred to cannulation practices but did not mention 
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POCUS guidance (n = 36), or POCUS was undertaken by allied 
health staff such as sonographers, physicians, or surgeons (n = 21). 
Three publications reported ultrasound use in relation to access 
flow rather than cannulation, two full text publications were not in 
English, five referred to general vascular access interventions, and 
one publication was unavailable in full text. Meeting the inclusion 
criteria were 21 publications from seven countries (Canada n = 8, 
United States of America n = 6, Australia n = 3, and one each from 
United Kingdom, Spain, Brazil, and Japan) (see Figure 1).

4.1 | Characteristics of included publications

Characteristics of included publications are detailed in Tables 1 
and 2. Of 21 publications (11 full text publications, 10 published 
abstracts), five were primary research publications,33-37 five clinical 
observational cohort studies (abstracts only),38-42 three case stud-
ies (abstracts only),43-45 two published guidelines,19,46 four pub-
lished position paper publications,5,6,11,16 and two position papers 
were reported as abstracts.47,48 Fifteen studies provided informa-
tion regarding the context in which POCUS was used by nurses and 
technicians in hemodialysis units. These contexts included: assess-
ing new AVF maturation (three publications—two were abstracts 
only)5,40,42; identifying landmarks and abnormalities (five publica-
tions—two were abstracts only)5,6,11,38,45; assessing for alternate 
cannulation sites (two publications—one was abstract only)33,42; 
new AVF cannulation (four publications—one was abstract 
only)5,34,39,40; difficult access cannulation (eight publications—four 
were abstracts only)5,6,34,35,40,41,43,47; increasing cannulation accu-
racy (two publications)34,36; successful cannulation through stents 
(one publication—abstract only)44 and patient self-cannulation 
training (one publication).5 Six publications, one of which was an 
abstract only, identified some possible barriers to and facilitators 
of the use of POCUS in the hemodialysis setting,5,6,16,37,42 and six 
publications detailed guidelines or procedural requirements to un-
dertake POCUS by renal nurses and technicians.5,6,11,16,19,46

4.2 | Context requirements for POCUS

In 15 publications, the actual and potential use of POCUS by 
renal nurses and technicians in hemodialysis units was described. 
Specifically, assessment of the maturation of a new AVF, identi-
fying landmarks and abnormalities, assessing for alternate can-
nulation sites, cannulating new AVF, cannulation difficulties, 
increasing cannulation accuracy, cannulating through stents, and 
patient self-cannulation issues were addressed.

4.2.1 | Assessing new AVF maturation

Three publications reported use of POCUS to assess new AVF matura-
tion.36,40,42 POCUS was successfully used to assess and identify AVFs Fi
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that had not reached the minimum required diameter of 6mm to enable 
cannulation.40 Based on their early experience, Paulson et al42 claimed 
that POCUS had the potential to be used more consistently to measure 
changes in AVF luminal diameter. However, these findings were only 
reported briefly in abstracts, and the authors provided no detailed data 
to support their claims. In a Canadian prospective cohort study, an as-
sociation between deep access (>6 mm from skin surface) and anterior 
needle position (resting at the top of the vessel lumen) was found.36 
This study demonstrated no association between small diameter and 
needle position, indicating that AVFs with smaller diameters can be 
cannulated successfully.36 Due to the current lack of evidence, Ward 
et al5 also recommended further research into the use of POCUS as-
sessment of AVF maturation.

4.2.2 | Identifying landmarks and abnormalities

Point-of-care ultrasound can be used to view the vessel if abnor-
malities are detected on physical assessment38 and allows for the 
creation of a visual map of the AVF to identify straight and curved 
sections.5 Schoch et al11 argues that POCUS can also be used as an 
adjunct to physical assessment, complementing the skillset of the 
cannulator. Additionally, POCUS can be useful in identifying valves,11 

pseudoaneurysms,11,45 aneurysms,11 adjacent artery or nerves5,6 or 
hematomas,5,11 in order to improve cannulation.5 Anecdotal reports 
suggest that cannulation-induced intraluminal thrombus does not 
require diagnostic imaging by a sonographer, and if the area is left 
for a period of weeks the clot will dissipate allowing for recannula-
tion of that area without incident.11 An example of identifying ab-
normalities with POCUS was detailed in an Australian case study of 
a 77-year-old hemodialysis patient who had a radial artery pseudoa-
neurysm identified when POCUS was used for guided cannulation of 
the overlying AVF. The pseudoaneurysm resulted from cannulation 
infiltration through the AVF during blind cannulation.45 Therefore, 
POCUS shows promise as a tool, not only to assist in identifying ab-
normalities within the vessels, but also to prevent harm to patients 
from blind cannulation extravasation.45

4.2.3 | Assessing for alternate cannulation sites

The use of POCUS to assess for alternate cannulation sites was 
reported in two publications.33,42 A point prevalence audit study 
undertaken in Brazil identified that 23% of their AVFs were area 
punctured. However, following the use of POCUS to assess ves-
sel parameters for more viable length, 78% of the area puncture 

F I G U R E  1   Preferred Reporting Items 
for Systematic Reviews and Meta-
Analyses flow diagram illustrating the 
screening process and results
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cases were successfully transitioned to the recommended rope 
ladder cannulation technique (the remainder required surgical in-
tervention).33 Following a prospective observational cohort study, 
reported in an abstract only, Paulson et al42 concluded POCUS had 
the potential to identify alternate cannulation sites to avoid over-
use of certain areas.

4.2.4 | New AVF cannulation

One randomized prospective pilot study was undertaken specifically 
to investigate new AVFs requiring cannulation due to the higher needle 
infiltration risk in this cohort.34 This small cohort study (POCUS n = 5, 
blind cannulation n = 4) did not show a difference between infiltra-
tions in the POCUS group versus the blind cannulation group. However, 
Kumbar et al34 did report patient satisfaction was higher in the POCUS 
group, but the time taken to assess vessels using POCUS and time 
taken to cannulate using POCUS were longer.34 Authors of a retro-
spective audit reported that when POCUS was used to guide cannula-
tion, time to cannulation success (from date of surgery) reduced from 
10.8 ± 1 weeks (n = 18) in the previous 12 months to 7.1 ± 1 (n = 17) 
weeks in the study period.40 In a position paper, Ward et al5 advised 
successful cannulation of new AVFs is critical to provide adequate di-
alysis as soon as required and to improve the experiences of patients 
related to early access miscannulations. Similarly, Chua39 proposed that 
the more accurate the early cannulation, the less likely it is the patient 
will require CVAD. In sum, POCUS has the potential to improve the 
cannulation experiences for patients with new AVFs.5,34,39

4.2.5 | Difficult access cannulation

The increasing prevalence of co-morbidities and an ageing popu-
lation has resulted in increasingly complex access cannulation.5,6 
Definitions of “difficult access” vary and include: the inability to 
achieve three successful dialysis sessions (two needles in each), with 
resulting CVAD use43 or the requirement of more than two needles 
in a session more than once per week.41 Others have referred to 
difficult access in terms of length, diameter, location, depth or tortu-
osity.5,34,47 In practice, Farpour et al40 found that the use of POCUS 
guidance for cannulation was successful when five “difficult access” 
cases were accurately cannulated, when blind cannulation had previ-
ously failed. POCUS for guided cannulation was reported to enable 
clear visualization of the vessel and therefore has the potential to 
decrease cannulation mistakes34 and consequences such as infiltra-
tions,41 thus increasing the cannulation success rate.5,47

Adams et al43 reported difficulties in cannulating patients with 
AVF tortuosity, multiple vessel infiltrations and comorbidities of di-
abetes and obesity, thus lengthening the time CVADs remained in 
situ. In one 3-phase prospective cohort study, prior to the introduc-
tion of POCUS assessment and guidance, patients with diabetes had 
22/1000 miscannulations; however, this decreased to 1.3/1000 with 
the introduction of POCUS assessment and guidance.35 Similarly, a 

decrease in the requirement for more than two cannulations, from 
four episodes per patient year to 1.78 episodes per patient year has 
been reported.38 Adams et al43 presented a case study reporting 
that prior to the introduction of POCUS into the hemodialysis unit, 
three patients with difficult access (defined as unable to success-
fully cannulate on three consecutive occasions) had a number of 
instances of infiltrations (n = 7), interventions (n = 11) and hospi-
talizations (n = 6). Then in the post-POCUS implementation period 
(pre and post timeframes undisclosed) none of these events were 
recorded for the three patients.

Authors of a Canadian prospective cohort study reported imple-
menting an access procedure station with POCUS in an attempt to 
decrease adverse cannulation events.41 Marticorena et al41 found a 
reduction in adverse cannulation events (extravasation, miscannu-
lation, venous spasm) from 125 events to seven events over two 
5-week periods. Findings from Paulson et al's42 prospective cohort 
study, presented in abstract form only, indicated that POCUS rep-
resented a significant improvement in technology for managing and 
cannulating ‘difficult’ accesses.42

4.2.6 | Increasing cannulation accuracy

Increasing cannulation accuracy is vital to ensure correct needle posi-
tion and successful access. Results from a prospective cohort study 
identifying intraluminal needle position showed that after blind can-
nulation, venous needle position was assessed using POCUS (n = 86) 
in the first 30 minutes of hemodialysis, only 9.3% of venous needles 
were located with the tip pointing into the centre of the vessel.36 
Marticorena et al36 suggested that to minimize the possibility of me-
chanical trauma the needle should be located in the center of the ves-
sel. It was noted that arterial needle location could not be assessed 
due to the close proximity of the needle tip to the hub of the venous 
needle and the tapes securing it (POCUS cannot penetrate secure-
ment tapes).36 There was a positive correlation between deeper ves-
sels (>0.6 mm from the skin surface) and needles lying against the top 
of the vessel lumen, possibly due to securing the hub with tape after 
insertion to prevent dislodgement.36 Four needles were located with 
tips piercing the vessel lumen with no apparent discomfort to the 
patients, nor changes in machine pressures to indicate an issue with 
needle position.36 Staff repositioned these needles under POCUS 
guidance to decrease possible damage to the vessel lumen during he-
modialysis.36 In a randomized prospective pilot study, Kumbar et al34 
found that dialysis machine pump speeds in the POCUS group could 
be set higher, without any increase in dialysis machine pressures 
(313.2 ± 73.7 mL/min vs 264.2 ± 60.1 mL/min); possibly due to cor-
rect positioning of needles in vessels.

4.2.7 | Successful cannulation through stents

Blind cannulation through stents surgically inserted into the use-
able segment of AVFs is rare and can challenge clinicians. Adverse 
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outcomes reported by Jian et al44 in a case study of three patients 
(reported as an abstract) were: stent separation from the vessel 
wall, stent fracture or distortion, infection or pseudoaneurysm. 
Arising from this study was a recommendation for POCUS assess-
ment and guided cannulation to be used to prevent stent separa-
tion and damage by visualizing the needle tip insertion into stents 
in the useable segment of the AVF.44 POCUS may prevent issues 
with the needle sliding between the stent and the lumen causing 
stent separation.44 Jian et al44 suggest POCUS has the potential to 
decrease vessel damage and stent damage from misdirections and 
miscannulations.

4.2.8 | Patient self-cannulation training

Only Ward et al,5 in a position paper, proposed that POCUS could 
be a useful tool when training patients to self-cannulate for home 
hemodialysis. POCUS was claimed to have the potential to give 
patients a sense of the size, depth and direction of the vessel, thus 
decreasing possible damage to the back wall of the vessel during 
cannulation.5

4.3 | Barriers and facilitators to renal nurses' and 
technicians' POCUS use

There was limited literature related to barriers to and facilitators 
of the use of POCUS for assessment and guidance in hemodi-
alysis. Barriers identified in the literature included: the extra time 
required to use POCUS for assessment or guidance,5 limited avail-
ability of devices,6 reluctance to use new technologies42 and that 
POCUS could have a significant impact on workflow in already 
busy hemodialysis units.5,34 The following highlights the limited 
evidence related to barriers to using POCUS. Time measurements 
recorded by Kumbar et al34 indicated an increase in the length of 
time for POCUS-guided cannulation (from skin preparation to nee-
dle in place) (41.1 ± 70.6 seconds) compared to blind cannulation 
(25 ± 27.9 seconds). Paulson et al42 suggested that the use of POCUS 
guidance, in their experience, generally adds an extra 1-3 minutes to 
cannulation time.

In an online survey exploring renal healthcare worker perceptions 
of cannulation outcomes, only 13.6% (n = 34) of 252 respondents 
reported they used POCUS for guided cannulation.37 Respondents, 
75% of whom were registered nurses, had between 7 months and 
44 years' experience in nephrology (M = 20 years). Their survey re-
sponses highlighted that only 30.4% of respondents felt cannulator 
skill with POCUS-guided cannulation was important for cannulation 
success.37 Alternatively, 97.6% of respondents felt that cannulators 
needed to have the ability to assess the AVF and 96% agreed that the 
level of cannulators' knowledge of the AVF anatomy is important to 
successful cannulation.37

Anecdotal reports indicated appropriate training and com-
petency testing increased nurses' abilities with using POCUS for 

assessment and guidance.16,39 According to Wilson et al,37 more 
in-depth understanding of the perceptions of nursing and technical 
staff, and patients, regarding the possible barriers to and facilitators 
of POCUS use is required.37 Overall, the authors concluded that 
POCUS could be a factor in improving cannulation outcomes and 
recommended further research into nurses' perceptions about the 
use of POCUS in hemodialysis.37

4.4 | Procedural Requirements for POCUS

Two hemodialysis vascular access guidelines from Canada rec-
ommended POCUS for assessment and/or cannulation.19,46 
Recommendations from the Canadian Association of Nephrology 
Nurses and Technologists (CANNT)19 for use of POCUS by hemo-
dialysis nurses are based on expert opinion. The regional British 
Colombia Provincial Renal Agency46 guideline recommendations 
are based on the CANNT19 document and anecdotal experiences 
documented in various discussion publications from units around 
the world.6,16,18,41 Both sets of guidelines recommended the use of 
available POCUS for: assessment of the vessels prior to cannulation 
including vessel diameter, depth, presence of valves, stenosis and 
thrombosis; real time guided cannulation to optimize needle place-
ment; and assessment of needle position and possible realignment 
in the vessel.19,46

More recently, the Kidney Disease Outcomes Quality Initiative 
in the United States has released updated vascular access guide-
lines.49 Based on expert opinion, these guidelines state it “is rea-
sonable to use ultrasound to help determine direction of flow and 
proper needle placement in the AV access of select patients as 
needed and performed by trained operators, to prevent cannulation 
complications.”49

Four publications5,6,11,16 indicated the need for staff training to 
undertake POCUS assessment and guided cannulation. However, 
only three publications included detailed training requirements 
to achieve competence in POCUS-guided cannulation.5,6,16 This 
training included didactic teaching of the theoretical principles of 
ultrasound, hands-on training by expert POCUS users using sim-
ulated models,5,6,16 approximately 10 supervised POCUS-guided 
cannulations prior to independent use (based on CVAD POCUS-
guided insertion guidelines)5 or 10 supervised POCUS-guided 
cannulations on simulation models, three supervised POCUS-
guided cannulations on patients,16 and reflection after training.6 
To be able to reach expert status in POCUS-guided cannulation, 
Marticorena et al16 suggested approximately 500 guided cannula-
tions are required.

The integration of POCUS into local cannulation guidelines,47 
and the facilitation of training, written tests and certification after 
six successful cannulations using ultrasound were described in 
two position paper abstracts.48 As these abstracts were descrip-
tive and not research-based with methods and results reported, 
there is scant detail about how the education program was 
operationalized.
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General steps required to achieve successful POCUS-guided 
cannulation were outlined in two publications,5,6 with one taking 
a step further by scaffolding competencies into basic, intermediate 
and advanced levels.16 The authors of two position papers spec-
ified from their experience that the preferred ultrasound probe 
direction is transverse as the first preference, and longitudinal 
the second.5,6 Ward et al5 and Kamata et al6 recognized, however, 
that either transverse or longitudinal are options, and in light of 
the lack of empirical evidence to support either, personal prefer-
ence is appropriate. The steps for POCUS-guided cannulation as 
recommended5,6,11,16 are summarized in Table 3 to highlight current 
recommended practice.

According to Ward et al,5 although POCUS guidance can assist in 
managing difficult cannulations in AVFs, it is not feasible or necessary 
to use POCUS guided cannulation on all AVFs. Additionally, Ward 
et al5 argued POCUS has a role as an adjunct tool for cannulating 

new and difficult to access AVFs. Robust training and competency 
completion were considered by Marticorena et al16 as essential for 
those undertaking assessment and/or guidance using POCUS. The 
advantages of using POCUS for assessment and guidance based on 
the anecdotal clinical experience of Schoch et al11 are; allowing cli-
nicians to visualize the interior of the vessels; avoiding miscannula-
tions; and avoiding expensive tests or interventions.

5  | DISCUSSION

This scoping review identified 11 full text publications published be-
tween 2015 and 2018, and 10 abstracts from conference proceed-
ings published between 2009 and 2016, that related to the use of 
POCUS for assessment and guidance for hemodialysis vascular ac-
cess by nurses or renal technicians.

Practice step

First author

Ward5 Kamata6 Schoch11 Marticorena16

Complete physical assessment of 
the AVF

X

Use sterile probe cover and 
sterile gel in individual sachets

X X X X

Observe and evaluate the vessel X X X

Measure diameter and depth 
using the ‘freeze’ and calliper 
functions

X X

Set depth to minimum to see 
vessel in middle of screen

X

Sterilize the skin X X

Administer local anesthetic prn X X

Apply tourniquet X X

Not too much pressure on the 
probe

X

Slide, rotate, compress, tilt and 
angle probe for best assessment

X

Identify artifact, reverberation, 
enhancement and acoustic 
shadowing

X X

Identify presence of valves, 
pseudoaneurysm, aneurysm, 
hematoma, back walling/coring

X

Orient the needle guide X

Insert the needle X X

Move the probe to visualize the 
shaft

X

If the needle cannot be seen 
do not advance, back up and 
redirect

X X

Advance needle X

Tape securely X

Abbreviation: AVF, arteriovenous fistula.

TA B L E  3   Current recommended steps 
for POCUS-guided cannulation 5,6,11,16
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Findings from this scoping review showed some positive 
outcomes for patients when POCUS is used for assessment and 
guidance by renal nurses and technicians. Research publications 
reported POCUS has the potential to: reduce cannulation compli-
cations such as miscannulation, misalignment, and extravasation of 
the vessel; detect vessel wall needle infiltration in the absence of 
signs or symptoms; identify abnormalities not visible from skin sur-
face; and detect other areas of usable vessel to decrease area punc-
ture cannulation.33-37 However, extra time was taken to complete 
POCUS assessment and/or POCUS-guided cannulation.34 These 
studies did provide methodological insights to assist the design of 
future studies to empirically support or refute the effectiveness of 
POCUS use in hemodialysis settings. Insights such as approximate 
numbers required to recruit, experienced operators needed, ran-
domization of participants and possible phases of data collection.

Two recent scoping reviews on the topic of cannulation in hemo-
dialysis8,50 in general were reviewed. Jaensch et al50 concluded that 
cannulation complications are a common problem, rope ladder cannu-
lation technique should be enforced, and POCUS can be a useful tool 
for combatting difficult cannulations. Harwood et al8 suggested there 
is no current consensus in the literature on what constitutes “success-
ful cannulation,” and a lack of emphasis on patient perceptions of can-
nulation along with associated pain and anxiety levels of patients. The 
latter authors noted POCUS skill across nurses was inconsistent and 
there is a distinct lack of nursing research on this topic.

Recently, Niyyar51 published details regarding a POCUS education 
workshop (run by a nephrologist) for POCUS guidance by renal nurses 
and technicians in hemodialysis access, similar to the proposed educa-
tion focus of the position papers included in this scoping review.5,6,11,16 
Niyyar's51 workshop included a didactic teaching component and a 
hands-on component with simulated models. Niyyar51 found that 
POCUS workshops have the potential to empower the staff and in-
crease the confidence using POCUS guidance for cannulation. This was 
evidenced by the fact none of the participants felt “extremely confi-
dent” prior to the workshop but 36.1% of participants were “extremely 
confident” with POCUS, following completion of the workshop.51

5.1 | Limitations of the literature

There were limitations with some of the publications included in 
this scoping review. Notably, 10 abstracts from conference pro-
ceedings were included, no follow-up full text publications for 
these abstracts could be sourced. In some studies, study design 
or methods were unclear, such as not detailing randomization 
processes. Other limitations were: results having no statistical 
significance and insufficient power due to low participant num-
bers; inconsistent time frames across phases within and between 
studies; information collected from the electronic medical record, 
thus relying on accuracy and completeness of nurses' and other 
clinicians' documentation of events; uneven crossover of partici-
pants from one group to anther; inconsistent use of POCUS guid-
ance versus POCUS assessment in intervention groups; studies 

designed to only visualize one needle, not both needles in POCUS; 
low response rates to surveys; and poorly operationalized con-
cepts or omitted methodological definitions of terms like “expert.” 
None of the included publications outlined costs associated with 
the use of POCUS in hemodialysis units.

5.2 | Limitations of the scoping review

This scoping review has several limitations. First, any studies that 
were not published in English were excluded, thus possibly omitting 
relevant information from non-English publications. We also ex-
cluded studies relating to use of POCUS by allied health profession-
als, this may have also excluded information that, whilst not directly 
related, could be applied by renal nurses and technicians in practice.

5.3 | Empirical evidence

There is a lack of published evidence related to the use of POCUS 
in hemodialysis vascular access, particularly related to POCUS guid-
ance during cannulation,35 and there is a dearth of empirical evi-
dence to advise on POCUS use.5 Adequately powered randomized 
controlled studies are required to determine whether POCUS may 
lead to improvements in vascular access outcomes.34 Prospective 
clinical trials are required with a specific focus on the indications for 
use of POCUS, comparison with the standard practice of blind can-
nulation, and measurement of outcomes related to the dependence 
on CVAD and optimal POCUS techniques.5 New guidelines call for 
“rigorous study of use of ultrasound-guided cannulation—its safety, 
efficacy, and impact in busy dialysis units.”49

5.4 | Implications for clinical practice

The small number of clinical cohort publications and position papers 
and conference proceedings suggest positive outcomes are associ-
ated with the use of POCUS for hemodialysis access for clinical use. 
The findings of the included research show promise, particularly in 
relation to identifying possible access abnormalities40,45 (such as 
pseudoaneurysms, presence of clot, tortuosity, and stenoses), fa-
cilitating routine and difficult cannulations40,42 (which may decrease 
area puncture and aneurysm formation) and decreasing miscan-
nulations and needle manipulation, thus minimizing access dam-
age6,11,35,38,39,43 (such as back wall damage and hematoma formation 
from infiltrations). However, these findings need to be treated with 
caution given the limitations in the existing evidence base.

5.5 | Implications for further research

There is a need for further clinical studies into the use of POCUS 
for assessment and guided cannulation. In particular, randomized 
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clinical studies to test the effectiveness of this intervention on key 
patient outcomes are recommended, with recognition that recruit-
ing large sample sizes will be required to adequately power such 
studies. To assist with future meta-analyses, common sets of varia-
bles and standardized measures are recommended. Inclusion of the 
following variables and design characteristics is suggested. Variable 
to include: the age, depth and diameter of AVFs, the time taken to 
conduct cannulation, the number of miscannulations and CVAD line 
days, intraluminal needle position, patient pain scores, dialysis ma-
chine pump speed and AVF access flow. Design characteristics to 
include: robust demographic information (including comorbidities 
that can affect vessel quality), consistent cannulators (where prac-
tical), record of cannulation and ultrasound technique (including 
probe direction), type of ultrasound device used, nurse experience 
in cannulation and POCUS, nurse training in cannulation POCUS 
and an even range of different types of AVF (where possible). A 
cost benefit analysis related to the cost of POCUS machines and 
additional consumables and the benefits (including cost savings) of 
POCUS is also important to include in future research. Research to 
address implementation of POCUS-guided cannulation is needed to 
understand patient and staff perceptions and their satisfaction with 
POCUS assessment and guidance. Perceived barriers to and facilita-
tors of the use of POCUS in hemodialysis units is also required.

6  | CONCLUSIONS

This scoping review has highlighted that whilst there are positive 
reports on the use of POCUS assessment and guided cannulation 
in hemodialysis, there is a distinct lack of robust studies evaluating 
POCUS in this context. In addition, gaps in our knowledge regard-
ing staff perceptions and perceived barriers to, and facilitators 
of, POCUS use exist. Recommendations based on expert opinion 
suggest that use of POCUS for assessment and cannulation guid-
ance has the potential to provide improved outcomes for patients' 
AVF. Further research into these possible outcomes is required in 
order to substantiate or refute the published opinions of experts 
and provide higher quality evidence and more precise guidance 
for practice.
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