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Abstract 
Aim(s): Complex Arteriovenous fistula (AVF) poses challenges to cannula-
tion. Ultrasound (US)-guided cannulation may promote successful cannula-
tion and prevent AVF-related complications. Renal nurses performing US-
guided cannulation may improve successful cannulation and reduce compli-
cations associated with unnecessary punctures. The study aims to conduct the 
meta-analyze to examine the effectiveness of renal nurse-performed US-guided 
cannulation to improve successful cannulation and reduce AVF-related com-
plications in difficult AVF access. Design: A meta-analysis of randomised 
controlled trials. Methods: A systemic search was performed on electronic da-
tabases including CINAHL Plus, Web of Science, and PubMed from inception 
to October 2023. Risk ratios (RR) and standardized mean differences (SMD) 
were estimated using random-effect models for considerable homogeneity, 
and the Scottish Intercollegiate Guidelines Network (SIGN) methodology was 
adopted for critical appraisal. Results: Four RCTs were included. The results 
showed US-guided AVF cannulation had a significant effect in improving suc-
cessful cannulation (RR: 0.19, 95% CI: 0.06 to 0.63, p = 0.007), and was favor-
able in reducing cannulation-associated complications (RR: 0.44, 95% CI: 0.10 
to 1.93, p = 0.28), compared with blind needle cannulation. Conclusion: US-
guided cannulation performed by renal nurses has the potential to improve 
successful cannulation, and fewer complications in hemodialysis patients with 
difficult arteriovenous access. Relevance to Clinical Practice: The results sug-
gest the value of further training for renal nurses in US-guided cannulation, 
and broader implementation of US-guided cannulation to improve patient 
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outcomes. Future studies could explore the optimal nursing training and 
longer-term benefits of US-guided cannulation by renal nurses in difficult 
AVF access. Patient or Public Contribution: No Patient or Public Contribu-
tion as this is a meta-analysis using the secondary data published in the RCTs. 
 

Keywords 
Arteriovenous Fistula, Cannulation, Dialysis Access, Hemodialysis, Renal 
Nurse, Ultrasound Guidance, Vascular Access 

 

1. Introduction 

End-stage renal disease (ESRD) is a debilitating disease which is not inferior to 
mainstream diseases [1]. In America, approximately two in one thousand people 
are living with ESRD [2]. In Shanghai, the prevalence and incidence of dialysis 
were 544.7 per million people and 82.9 per million people in 2011, with an in-
creasing trend [3]. Dialysis, including hemodialysis (HD), peritoneal dialysis (PD) 
and kidney transplant, are the treatments for ESRD (National Institute of Diabetes 
and Digestive and Kidney Disease, 2023), where dialysis is the mainstay of renal 
replacement therapy Indeed [4]. 

In hemodialysis, arteriovenous fistula (AVF) is the preferred form of vascular 
access [5] as it exhibits the lowest risk of complications, lowest needs for treat-
ments and superior long-term patency compared to alternate access methods [6]. 
The ideal site of AVF is in the forearm (radio-cephalic or distal AVF) according 
to National Kidney Foundation [7]. AVF requires 6 to 8 weeks of maturation to 
develop the turbulent flow for cannulation [6]. An optimal AVF access has flow 
of more than 600 mL/min, minimum 0.6 cm vein diameter and maximum 0.6 cm 
depth with clear margins. Otherwise, AVF will count as difficult access [7]. More-
over, various biological and non-biological factors, including new or immature 
AVF, deeper and upper extremity AVF, brachiobasilic fistula without transposi-
tion, limited length of the blood vessel within a confined region, aging, obese and 
frail vein and skin are contributing AVF to difficult arteriovenous access [8]-[11].  

The above-contributing factors of difficult AVF access pose a challenge in can-
nulation. The access may be difficult to cannulate and require multiple attempts, 
leading to iatrogenic complications [12]. In the hemodialysis quality aspect, re-
peated unsuccessful cannulation in difficult access may result in high venous pres-
sure, inadequate dialysis, and poor blood flow rate. In the AVF access aspect, fail 
cannulation may cause fistula thrombosis, direct trauma, access stenosis, infec-
tion, extra vascular hematoma, aneurysm and oozing at the cannulation site [11] 
[13]. Those complications will further exacerbate the difficulty in cannulation and 
create a vicious circle [14]. In the worst case, it may lead to a transient or perma-
nent loss of access. Repeated fail cannulation may also relate to lower quality of 
life, associated hospitalization, feeling of pain, fear and anxiety and increasing 
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dependency on CVC [11] [13] [15].  
Currently, traditional blind needling technique is adopted in most hemodialysis 

centres. Renal nurses guide the needle placement by listening to the bruits and 
palpating the thrill of AVF [9]. However, it is found that the current blind cannu-
lation is not reliable for difficult AVF access cannulation. A higher rate of failure 
cannulation is rendered, and its failure cannulations diminish AVF survival [15]. 
In blind cannulation, less than 10% of AVF are successfully cannulated, and there 
is 2.98 times higher infiltration risk in difficult and new AVF [8]. Dua Niyyar et 
al. (2023) reported that mild infiltration occurs frequently over 50% of all AVFs, 
and major infiltrations are 5% - 7% that are cannulated by blind needling tech-
nique [16]. Lee, Baker and Allon (2006) reported that a mean of 2.4 additional 
diagnostic tests, interventions and surgery appointments are caused by AVF nee-
dling infiltration [12]. Therefore, there is an eagerness to innovate cannulation 
technique, using ultrasound (US) guided cannulation technique instead of blind 
cannulation.  

There is an emerging trend in utilizing ultrasound guidance for cannulation to 
increase the success rate of first-attempt cannulations and minimize fail needling. 
The recently updated AIUM Practice Parameter stated that the use of ultrasound 
guidance has been successfully applied in difficult peripheral vein access, such as 
peripheral venous cannulation and insertion of central venous access in order to 
reduce iatrogenic injury [17]. Nonetheless, US-guided AVF cannulation is not 
widely adopted in clinical nursing practice in hemodialysis centres [9], even 
though studies have shown the promising effects of US-guided AVF cannulation, 
including increased accuracy of cannulation, decreased adverse events in diffi-
culty AVF and improved nurses’ confidence in AVF cannulation [5] [8] [9] [14] 
[18]. This review, thus, aims to conduct a systematic review and meta-analysis, 
including critical appraisal of the results and effects of nurse-performed ultra-
sound-guided cannulation in hemodialysis patients with difficult AVF access.  

2. Methods 
2.1. Eligibility Criteria 
2.1.1. Participants 
The review considered studies that patients were diagnosed with ESRD undergo-
ing hemodialysis regularly at least two times per week; and patients have difficult 
AVF access, which is determined based on the anticipation of difficulty, taking 
into consideration a combination of factors. These factors include, but are not 
limited to, the timing of AVF creation, AVF morphology, history of complications 
and difficult cannulation, patient tolerance level, and predictive parameters of 
AVF maturation.  

2.1.2. Interventions 
This review included studies that used US-guided cannulation techniques as the 
only intervention. The cannulation should be conducted by renal nurses. Study 
designs included full-text, peer-reviewed studies, English-language, randomized 
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control studies or a pilot randomized trial. 

2.1.3. Comparator 
Studies compared usual cannulation techniques (blind needling) in the control 
groups. 

2.1.4. Outcomes 
The primary outcome of interest is successful AVF cannulation, defined as renal 
nurses inserting two needles for arterial and venous connection without missed 
cannulation or extra attempts. The secondary outcomes of interests were pain as-
sociated with cannulation, and puncture-related complications such as infiltra-
tion, hematoma formation or thrombosis events.  

2.2. Exclusion Criteria 

Studies were excluded if the US-guided interventions targeted CVC insertion or 
AVF creation or different vein or artery procedures instead of targeting difficult 
AVF cannulation, and Ultrasound-guided cannulations were conducted by neph-
rologists instead of renal nurses.  

2.3. Searching Strategy 

The research was searched through three electronic databases, including CINAHL 
Plus, Web of Science and PubMed. Moreover, Google Scholar was used as an ad-
junct tool to identify additional studies. According to PICO, patient/problem and 
intervention were the two main groups of keywords to search for with connecting 
wording “and”. For patient or problem keywords searching, “ESRD patient”, “he-
modialysis patient”, “Difficult AVF access”, and “New AVF access” were used. For 
another intervention group, keywords searching, “cannulation”, “Ultrasound-
guided cannulation” and “ultrasound-guided needling” were applied. All searched 
results were imported to EndNote 21 software with different database subgroups 
labelling and helped to extract and screen out duplicated research by the same 
title. The remaining studies’ abstracts were screened by two independent review-
ers according to the inclusion and exclusion criteria. Then, studies were further 
assessed for eligibility, and the remaining full-text studies would be extracted for 
analysis and review. The final studies’ content and references were screened to 
explore any additional eligible studies being available. Disagreements between re-
viewers on the articles with unclear eligibilities were resolved by discussion and 
consensus. 

2.4. Quality Assessment 

All eligible studies went through an appraisal process. Scottish Intercollegiate 
Guideline Network (SIGN) Critical Appraisal Checklists for RCT study were used 
to critically assess the study’s risk of bias within and across studies [19]. The se-
lected studies will be appraised according to the clarity of the research question, 
the method of randomization and concealment, the blinding strategy, the similarity 
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of participant characteristics, additional treatment components beyond the pro-
tocol, reliable and validated outcome measurements, dropout rate, the application 
of intention-to-treat analysis and whether the data are comparable for multi-site 
studies. For the overall quality of the study, the SIGN checklist had a grading sys-
tem for criticizing the levels of evidence of the studies into four grades: high qual-
ity (++), acceptable (+), low quality (−) and unacceptable-reject (0).  

2.5. Data Extraction 

Information was extracted from the trials based on the characteristics of the study 
(author, publication year, country), participants (setting, age, gender, primary dis-
ease, sample size) intervention and comparator (design, component of interven-
tion, frequency, duration, follow-up period), and study results and outcomes sig-
nificance to the review question. 

2.6. Statistical Analysis 

Review Manager (RevMan) software version 5 was used to analyse the data ex-
tracted from studies. Risk ratios with 95% confidence intervals (CI) were esti-
mated for dichotomous variables, and standardized mean differences (SMD) with 
95% confidence intervals (CI) were estimated for continuous variables. I2 statistics 
and with a chi-square test were used to assess statistical heterogeneity [20]. The 
fixed-effect model was used for low statistical heterogeneity across studies, as in-
dicated by I2 < 50% and p ≥ 0.10. The random-effect model was adopted for high 
heterogeneity, as indicated by I2 ≥ 50% and p < 0.10.  

3. Results 
3.1. Search Result 

The literature review was done on 6th November 2023. A total of 122 studies were 
enlisted from 3 electronic databases. One study that was found to be duplicated 
and was removed. Then, 121 studies were screened for titles and abstracts, and 
112 studies relating to inappropriate and irrelevant interventions and outcomes 
were excluded. After the title screening, nine studies remained and were eligible 
for full-text screening and review. It resulted in leaving only four studies. Five 
more studies were further excluded for the reasons that one study was a study 
protocol, two studies were cohort study and observational study, one study 
showed that diverse interventions in cannulating difficult AVF and the US-guided 
cannulation were one of the given interventions, and one study showed that can-
nulation was conducted by nephrologist instead of nurses. Furthermore, other 
methods from Google Scholar helped in searching studies and resulted in four 
eligible studies. However, those were all duplicate studies and were excluded. 
Therefore, a total of four studies were left in the end, and their reference lists were 
screened for additional study, but no additional study fit the criteria. The litera-
ture searching flow is briefly shown in the PRISMA flow diagram attached in Fig-
ure 1.  
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Figure 1. PRISMA flow diagram. 

3.2. Study Characteristics 

The four selected studies are all RCT studies published between 2018 and 2022. 
Four different places were conducted by the four studies: Singapore [9], the 
United Kingdom [18], China [14], and the United States of America [8]. All four 
studies were single-centre trials in dialysis units [8] [9] [14] [18]. Three of the 
studies were conducted in the dialysis department inside the hospital [9] [14] [18]. 
One of the studies was conducted in a community-based dialysis centre [8]. Table 
1 illustrates the evidence of the four selected studies. 

 
Table 1. Table of evidence. 

Reference, 
Country, 
Quality 

Participant’s  
characteristics 

Intervention 
(sample size) 

Control 
(sample size) 

Outcomes 

Chen et al. 
(2022) 
 
Singapore 
 
RCT (+) 

Difficult AVF: 
1. First cannulation: 24% 
2. After angioplasty/ 
thrombectomy: 42% 
3. Stenosis: 18% 
4. Multiple cannulation 
history: 60% 
5. Deep vein: 14% 
6. Bruise/hematoma: 54% 
7. Clot: 8% 
 

Point-of-care ultrasound guided AVF 
cannulation technique (n = 25) 
 
1. Renal nurses were first being trained 
by accredited interventional  
nephrologists and assessed for  
competency. 
2. The procedure was performed  
under aseptic technique. 
3. Place the sterile drape underneath 
fistula arm. 

Conventional cannulation 
technique (routine  
protocol) (n = 25) 
 
1. Preformed physical  
assessment to assess for 
the presence of thrills  
(palpation) and bruit  
(auscultation by  
stethoscope). 
2. Observed for signs of 

Successful cannulation 
rate (%) 
 
Immediate  
complications that  
limited the use of 
AVF/AVG for the same 
dialysis session (e.g. the 
need for a temporary 
central venous catheter, 
single-needle dialysis, 
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Gender: 
Male: 56% 
Female: 44% 
 
Mean age: 
IG = 58.3 (SD: 2.0) 
CG = 64.9 (SD: 1.9) 
 
Premorbid diseases: 
1. Diabetes: 76% 
2. Hypertension: 84% 
3. CHD: 48% 
4. PVD: 22% 
 
Fistula type: 
1. Radio-cephalic: 38% 
2. Brachiocephalic: 54% 
3. Brachiobasilar: 8% 

4. Use nondominant hand to hold the 
sterile sleeves covered US probe and 
found the target vein showing at the 
screen. 
5. Use dominant hand to held fistula 
needle and inserted to the point of  
entry corresponding to the center of 
the probe. 
6. At least 3 cm proximate to the  
identified sit when fistular needling 
was inserted and 3 cm away from  
anastomosis site. 
7. Under US-vision-guided in  
real-time, the needle was advanced 
slowly. 
8. When the screen shoed the needle 
shadow was inside the blood vessel, 
further advanced the needle  
downstream and move the US along 
with the tip of the needle to the ideal 
position. 
9. Blood was aspirated to confirm the 
patency and position. 
10. Obverse any swelling or pain 
around site of cannulation when  
flushing. 

infection, poor circulation, 
pain, tenderness, oedema, 
bruise, and hematoma. 
3. Started cannulation as 
routine practice when  
sterile set was prepared. 

or infiltration (e.g.,  
hematoma). 
 
Immediate Pain score 
(numeric rating scale). 
 

Eves et al. 
(2021) 
 
United 
Kingdom 
 
RCT (+) 
 

Gender: 
Male: 65.6% 
Female: 34.4% 
 
Age median: 68 
 
Co-morbidities: 
1. Diabetes  
mellitus: 50.0% 
2. Hypertension: 68.8% 
3. Smoker:40.6% 
4. PVD: 28.1% 
5. CHD: 31.3% 
 
Fistula type: 
1. Brachiocephalic: 53.1% 
2. Radio-cephalic: 34.4% 
3. Basilic vein  
transposition: 12.5% 
 
Dialysis three times 
weekly via two needle 

USG cannulation: an aseptic  
transverse ultrasound technique, 
Sonosite Edge II ultrasound system 
withHFL50X Sonosite straight probe 
(n = 170) 
 
1. Staff training package: two theory 
sessions and two practical teaching 
sessions in transverse imaging  
cannulation technique with assess-
ment by a senior vascular  
surgeon and 2 investigators. 
2. Equipment: sterile gel, sterile probe 
covers, standard drape covers. 
3. Time recording: starting when US 
probe placing on fistula and stopping 
when blood “flash back” was checked 
in both needles. 

Standard Ropeladder  
cannulation technique  
(n = 176) 
 
Equipment: standard 
drape covers. 
Performed vision and  
palpation to guide  
placement of needle. 
Using “wet” cannulation. 

Number of additional 
needle passes 
Absolute number of 
needle passes 
 
Additional skin  
punctures 
Absolute number of 
skin puncture 
 
Immediate Pain  
associate with  
cannulation (Visual 
Analogue Scale) 
 
Immediate Local  
Complications 
• Bleeding events 
• Infiltration events 
• Vessel thrombosis 
events 
• Needle thrombosis 
events 

Wu, Huang, 
Zhang & Li. 
(2022) 
 

Mean age: 
IG: 56.19 years (SD: 9.95) 
CG: 55.4 years (SD: 9.49) 
 

Ultrasound in-plane guided  
cannulation technique with Mindray 
M7 Super portable L12-4s probe was 
installed in color Doppler US-guided 

Canonical blind  
cannulation (n = 20) 
 
1. AVF was observed and 

One-time success rate 
of internal fistula  
cannulation: 
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China 
 
RCT (+) 
 

Gender: 
Male: 67.5% 
Female: 32.5% 
 
Primary disease: 
1. Hypertension: 42.5% 
2. Chronic nephritis: 50% 
3. Others: 7.5% 
 
Blood vessel parameters 
1. Time cannulation time 
(week): 
IG: 6.72 (SD: 0.56) 
CG: 6.75 (SD: 0.61) 
2. Fistula depth(mm): 
IG: 5.56 (SD: 0.69) 
CG: 5.52 (SD: 0.52) 
3. Fistula diameter (mm): 
IG: 4.81 (SD: 0.51) 
CG: 4.79 (SD: 0.35) 
4. Fistula blood flow 
(mL/min): 
IG: 730.29 (SD: 73.49) 
CG: 729.85 (SD: 7.85) 
 
Regular hemodialysis  
(3 times/week)  
(4 hours/time) 

equipment (n = 20) 
 
1. Disinfected the drape and using 
0.2% active iodine for disinfect  
patient’s entire upper arm. 
2. Nurse wore sterile groves and color 
US probe was covered sterile cover. 
3. Disinfected the probe by the  
disinfectant coupling reagent. 
4. Used of upper extremity vein mode 
to develop the longitudinal section of 
AVF. 
5. Used left hand to fix US probe and 
cannulation site was marked by the 
probe. 
6. Right hand handled the needle to 
insert at the cannulation site which 
was the distal end of US probe. 
7. Screen displayed the cannulation 
needle’s running track under the skin. 
8. Adjusted the cannulation angle until 
the needle fully entered with an  
optimal site. 

palpated to determine the 
cannulation point. 
2. Placed a therapeutic 
towel. 
3. To tie a tourniquet 
therefore to dilate the 
blood vessel. 
4. Disinfection with 2% 
active iodine. 
 

Immediate Incidences 
of adverse events: 
• Oozing 
• Subcutaneous  
hematoma 
 
Immediate pain score 
(Visual Analogue Scale) 
 

Kumbar  
et al. (2017) 
 
United 
States 
 
RCT (−) 
 

Mean age (years): 
IG: 66 
CG: 52.5 
 
Gender (Male): 
IG: 60% 
CG: 50% 
 
Co-morbidities: 
1. DM: 55.56% 
2. HT: 100% 
3. CAD: 33.34% 
 
Left AVF: 
IG: 80% 
CG: 75% 
 
Fistula age before use 
(days & SD) 
IG: 114.4 (49.7) 
CG: 64.5 (31) 

The real time ultra-sound-guided  
cannulation with a novel C mode 
handheld ultrasound device (n = 5) 
1. Simulated training on the operation 
of US machine was provided by  
competency with evaluation for  
dialysis staffs. 
2. Titration of needle sizes over  
three-weeks period. 
3. Pre-clearance US evaluation of AVF 
was done. 
4. Site of cannulation was identified by 
US device. 
5. Showing real-time guidance by US 
device of needle gauge or needle  
tracking. 
6. Hydrogen peroxide disinfectant 
wipes was used for device disinfection 
and transparent adhesive film was 
covered to avoid the direct contact 
with patient and device. 
7. Special sterile US gel was used for 
real-time guided cannulation. 

Standard cannulation 
practices (n = 5) 
 
1. Using 17 G needle for 
first 3 times, then changed 
to 16 G for 3 times and  
followed by 15 G for 3 
times. 
2. The direction of the 
needle could be antegrade 
or retrograde. 

Successful cannulation 
rate 
 
Immediate Pain score 
 
Immediate Infiltration 
• Major infiltration 
• Minor infiltration 
• fistula rest 
• catheter usage due to 
infiltration 
• Fistula still in use 
 
3 months follow up  
(after infiltration): 
• Fistula still in use 
• Repeated treatment 
• Hospitalization or 
catheter related  
complications 
• Access abandon 

Footnote: G, gauge; AVF, arteriovenous fistular; IG, Intervention group; CG, Control group; USG, Ultrasound-guided; US, Ultra-
sound; SD, Standard deviation; MD, mean difference; DM, Diabetes mellitus; HT, Hypertension; CAD, Coronary artery disease; 
CHD, Coronary heart disease; PVD, Peripheral vascular disease. 
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3.3. Participant’s Characteristics 

The sample size of the four selected studies was small, ranging from 10 partici-
pants (Kumbar et al., 2018) to 50 participants [9]. The mean age of participants 
was 61.61, ranged 52.5 [8] to 68 [18]. Three of the studies recruited more male 
participants, which accounted for 65.6% [18], 67.5% [14] and 56% [9] of all the 
samples being recruited. A pilot study recruited equal male and female partici-
pants, which accounted for 50% male and 50% female [8] of the sample recruited. 

Patients recruited in four eligible studies were all having ESRD with regular 
hemodialysis three times per week via difficult AVF access. Apart from ESRD, 
patients have other comorbid disease. In three of the studies recruited, the major-
ity of co-morbidity was hypertension, which accounted for 68.8% [18], 84% [9] 
and 90% [8]. The second most common co-morbidity was diabetes mellitus, 
which accounted for 50% [8] [18] and 76% [9] of the participants, respectively. 
Kumbar et al.’s (2018), Eves et al.’s (2021) and Chen et al.’s (2023) studies also 
recruited patients suffering from coronary artery disease as co-morbidity [8] [9] 
[18]. At the same time, Wu et al. (2022) recruited chronic nephritis as the major 
comorbid disease, which accounted for 50% and hypertension as the second most 
common comorbid disease, which accounted for 42.5% of the participants, re-
spectively [14]. The most common type of AVF access in two eligible studies was 
brachiocephalic [9] [18] while Kumbar et al. (2018) and Wu et al. (2022) did not 
provide any data on fistula type [8] [14], however, Wu et al. (2022) had mentioned 
the blood vessel parameters for cannulation sites of participants including the fis-
tular depth, diameter, and bold flow [14].  

For the difficult AVF access’s characteristics, four of the selected studies re-
ferred to difficult AVF access as newly established AVF fistular less than three 
months or first cannulation AVF [8] [9] [14] [18]. Chen et al. (2023) also referred 
to difficult AVF access as postangioplasty or thrombectomy AVF, with less than 
30% residual stenosis, imaging confirmed partial AVF stenosis with no functional 
compromise, history of failed cannulation, bruises, or hematoma around AVF and 
over 0.8 cm depth in skin AVF [9]. Eves et al. (2021) referred to difficult AVF 
access as a history of difficult in cannulation, less than six weeks of recent compli-
cations from cannulation and regular complications of cannulation [18]. This 
study also considered personal factors such as patients with high levels of anxiety 
and invisible cannulation site as difficult AVF access. Wu et al. (2022) referred to 
difficult AVF access as newly established AVF fistular within 6 to 26 weeks, upper 
extremity AVF and the internal fistula diameter, which was determined by ultra-
sonography, being equal to or greater than 4 mm with a depth of 4 to 7 mm from 
the skin and a blood flow rate of over 600 mL/min [14]. Kumbar et al. (2018) 
identified new AVF as difficult access due to its increased susceptibility to needle 
infiltration, which can result in significant morbidity [8]. 

The reviewed studies excluded the participants who had active AVF complica-
tions [18], non-high autologous AVF as access [14], cannulation by physicians [9] 
and not new AVF access [8].  
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3.4. Intervention  

All four of the eligible studies adopted US-guided cannulation in the intervention 
group and the standard blind needling technique in the control group [8] [9] [14] 
[18]. 

All four selected studies chose a portable US machine which showed real-time 
vessel track under the skin to guide needling [8] [9] [14] [18]. However, Chen et 
al. (2023) reported the use of handheld US device without reporting the machine 
brand, the machine setting and the selection of probe [9]. Eves et al. (2021) used 
the brand Fujifilm Sonosite from Washington with the Sonosite Edge II ultra-
sound system being loaded [18]. Moreover, the HFL50X Sonosite straight probe 
with a simple US straight probe was applied in the intervention with no preset. 
Wu et al. (2022) was the only study using colour Doppler ultrasound equipment 
and installed a Mindray M7 Super portable L12-4s probe [14]. Kumbar et al.’s 
(2018) US machine was sponsored by Analogic Ultrasounds [8].  

All four studies used an aseptic technique with sterile gloves when handling US-
guided cannulation. Different sanitizers were used in four studies. Three studies 
mentioned the use of sterile US probe covers or sleeves, sterile gel, and sterile 
drape to place underneath the AVF arm to maintain aseptic environment for can-
nulation [9] [14] [18]. Kumbar et al. (2018) used transparent adhesive film cover-
ing the US machine to avoid direct contact with the patient and special sterile US 
gel packs when cannulation [8]. Chen et al. (2023) used 2% chlorhexidine for pa-
tient’s AVF arm skin disinfection [9]. Eves et al. (2021) and Kumbar et al. (2018) 
did not mention any sanitizer for skin disinfection [8] [14]. But Kumbar et al. 
(2018) used hydrogen peroxide disinfectant wipes for device disinfection between 
uses [8]. Wu et al. (2022) mentioned using 0.2% active iodine for disinfection, 
including the entire upper arm [14]. Also, Chongqing Anbijie disinfectant medi-
cal ultrasonic couplant (the disinfectant coupling reagent) was applied to the 
probe before being used [14].  

Two selected studies used the “Wet” cannulation method (using normal saline 
to pre-flushed the fistula needling) as a standard practice in AVF needling [9] [18], 
and others did not mention it [8] [14]. 

For US probe direction, Chen et al. (2023) and Eves et al. (2021) used a trans-
verse section on AVF access [9] [18]. Wu et al. (2022) used upper extremity venin 
mode to develop a longitudinal section of AVF access [14], and Kumbar et al. 
(2018) did not mention any probe direction [8].  

For cannulation site locating when using the US, the US probe was held by the 
non-dominant hand, and fistula needling was held by the dominant hand [9] 
[14]. The Fistula needle entry point corresponding to the center of the probe was 
inserted. Fistula needling was advanced slowly along with US vision guidance 
[9]. The study of Wu et al. (2022) marked the cannulation site by the probe (the 
distal end of the US probe) [14]. The running tracking of the needle was displaced 
on the US screen in order to adjust the cannulation angle. Kumbar et al. (2018) 
mentioned a pre-cannulation evaluation of AVF, including suggested needle size 
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and vessel luminal diameter, was done by a US machine [8]. The cannulation site 
and real-time needle track were guided by a US device. Finally, blood was aspi-
rated to confirm needle position and pain, or swelling was observed for patency 
when flushing [9] [18]. Wu et al. (2022) and Kumbar et al. (2018) did not men-
tion the way to confirm needling placement, but only confirmed by US guidance 
[8] [14].  

Three of the selected studies had provided training for nursing staff before per-
forming the US-guided AVF cannulation [8] [9] [18], while one of the studies did 
not mention pre-ultrasound-guided cannulation technique training [14]. Kumbar 
et al. (2018) provided three hours of simulated training in the operation of a US 
device [8]. Chen et al. (2023) trained renal nurses by accredited interventional 
nephrologists and provided a competency assessment to assess renal nurses with 
US-guided cannulation technique [9]. Eves et al. (2021) provided a training pack-
age that developed by a senior vascular surgeon. The training included two theory 
sessions covering the use of portable US machines and two practical teaching ses-
sions with low-fidelity models [18]. Then, following with an assessment of the US-
guided cannulation technique. Each nursing staff member had to cannulate low-
fidelity model vessels accurately and independently at least three times before per-
forming alone [18].  

3.5. Comparator  

All selected studies performed AVF cannulation in blind cannulation technique 
and started with assessing the presence of thrills and bruit. Also, nurses observed 
for any signs of infection of AVF, including discharge, pain, redness, or warmth 
and poor circulation of AVF such as coolness, pallor, or cyanosis [8] [9] [14] [18]. 
“Wet” cannulation and rope-ladder cannulation techniques were used in Eves et 
al.’s (2021) control group [18]. Wu et al. (2022) mentioned that a tourniquet was 
tied to help dilate the AVF blood vessel in the blind cannulation technique [14]. 
Lastly, Kumbar et al. (2018) started using a smaller gauge for needling for the first 
three times and changed to a larger gauge for the next three times and subsequent 
sessions (from needle 17 G to 16 G and finally to 15 G) [8]. Needling placement 
could be antegrade or retrograde, which was decided by nurses.  

3.6. Outcome Measures 

All selected studies counted the successful cannulation rate as their primary out-
come. Successful cannulation procedure refers to renal nurses inserting two nee-
dles for arterial and venous connection without missed cannulation or extra at-
tempts. The need to insert more than one needle per arterial or venous connection 
was defined as missed cannulation [8] [9] [14] [18]. Wu et al. (2022) also criteria 
successful one-time cannulation as the needle tip travelled in a straight line from 
the skin to the AVF blood vessel without detours and with a one-time attempt 
[14]. Moreover, Eves et al. (2021) reflected the successful needling placement form 
by counting the number of needle passes required [18]. Needle passes were counted 
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for successful placement as there was no withdrawal of the needle from the skin, 
only a pullback and change in needle direction [18]. Evidence was found that in-
creased needle passes were correlated and created superior AVF complications, 
including increased risk of AVF repairment, AVF loss, and associated hospitali-
zation [13].  

The rate of complications was counted as the secondary outcome of four se-
lected studies. Chen et al. (2023) only counted for the incidence rate of complica-
tion [9], while the other three studies defined and counted the incidence ratio for 
complications such as bleeding events, infiltration events, vessel thrombosis 
events, needle thrombosis events [18], oozing, subcutaneous hematoma [14], ma-
jority of infiltration and catheter usage [8]. 

Moreover, pain sensation was counted as one of the outcomes from four of the 
selected studies. Chen et al. (2023) used a numeric rating scale [9], Eves et al. 
(2021) and Wu et al. (2022) used a Visual Analogue scale to assess pain scores [14] 
[18], while Kumbar et al. (2018), apart from using pain score topical anaesthetic 
cream usage were also used to reflect pain [8].  

All outcomes, including one-time successful cannulation rate, rate of compli-
cations and pain scores, were measured immediately after US-guided cannulation 
technique or blinded needling technique [8] [9] [14] [18]. Kumbar et al. (2018), 
apart from measuring outcomes immediately after needling, also conducted a 
three-month follow-up period to track repeated or further fistula infiltration epi-
sodes [8]. 

3.7. Effect of Intervention 

Three studies examined successful cannulation with a total 2337 cannulation at-
tempts [8] [9] [14]. Moderate heterogeneity was found in the included studies (I2 
= 59%, p < 0.09) and random-effect model was adopted. The results showed US-
guided AVF cannulation had a significant effect in improving successful cannula-
tion (Risk ratio (RR): 0.19, 95% CI: 0.06 to 0.63, p = 0.007) (Figure 2). In addition, 
the study by Eves et al. (2021) demonstrated that US-guided cannulation resulted 
in a significant reduction in the incidence of additional puncture (p = 0.016) and 
additional needle passes (p = 0.007), which is defined as needle pull back and 
change in direction of the needle following skin puncture.  
 

 

Figure 2. Meta-analysis for Successful cannulation between US-guided AVF cannulation and blind needle cannulation.  
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Three studies examined pain associated with cannulation [8] [9] [18]. Consid-
erable heterogeneity was found in the included studies (I2 = 59%, p < 0.09) and 
random-effect model was adopted. Even though two studies demonstrated signif-
icantly lower pain scores in US-guided cannulation compared to the blind nee-
dling method [9] [14], the meta-analysis showed US-guided AVF cannulation had 
insignificant effects in improving procedural-associated pain (Mean difference 
(MD): −0.25, 95% CI: −0.74 to 0.24, p = 0.31) (Figure 3).  

All included studies examined cannulation-associated complications [8] [9] 
[14] [18]. Considerable heterogeneity was found in the included studies (I2 = 92%, 
p < 0.00001) and random-effect model was adopted. The forest plot showed US-
guided AVF cannulation was favorable compared with blind needle cannulation 
in reducing cannulation-associated complications, including bleeding events, in-
filtration, haematoma formation, oozing blood, missed cannulation and throm-
bosis events (RR: 0.44, 95% CI: 0.10 to 1.93, p = 0.28) (Figure 4). Specifically, the 
incidence rates of hematoma and oozing were significantly reduced in the ultra-
sound-guided cannulation group in Wu et al.’s study (0.34% vs. 8.11% for hema-
toma, and 0.59% vs. 2.24% for oozing, all p < 0.001) [14]. However, Eves et al. 
(2021) did not detect any significant differences between groups regarding local 
complications, including bleeding events, infiltration, and thrombosis [18]. Chen 
et al., (2023) and Kumbar et al., (2018) further defined the complication related to 
the limited use of fistula or the need of fistula rest due to infiltration, and both 
studies found no significant difference in this complication when comparing the 
intervention and control groups [8] [9]. 

 

 

Figure 3. Meta-analysis for pain associated with cannulation between US-guided AVF cannulation and blind needle cannulation.  
 

 

Figure 4. Meta-analysis for cannulation-associated complications with cannulation between US-guided AVF cannulation and blind 
needle cannulation.  
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3.8. Appraisal Results 

The Scottish Intercollegiate Guidelines Network (SIGN) methodology checklist 
for RCT was used to critically appraise four eligible studies.  

3.8.1. Research Question  
The research question of the four selected studies was clear and focused on the 
PICO format. The population was patients with difficult AVF access who under-
went regular hemodialysis. The intervention was a US-guided cannulation tech-
nique. The comparison was the conventional blind needling technique. The pri-
mary outcome was the rate of successful needling, and the secondary outcomes 
were the rate of complications and pain score.  

3.8.2. Randomization, Concealment, and Blinding 
All four eligible studies adopted randomization to minimize the selection bias. 
Three of the studies confirmed that randomization was done using computer-gen-
erated codes and software [9] [14] [18]. However, the pilot study did not clearly 
mention the method of randomization [8]. 

The allocation concealment, Wu et al. (2022), Eves et al. (2021) and Chen et al. 
(2023) were generated by a computerized allocation system and the studies men-
tioned the use of sequentially numbered, opaque and concealed envelopes [14] 
[18]. However, the pilot study did not mention the concealment method [8]. 

For the blinding aspect, all the selected studies were non-blind studies. Because 
of the nature of the study, there was no possible blinding for subjects and investi-
gators due to the huge difference in the cannulation method of US-guided and 
conventional blind needling. Moreover, all the studies did not mention any com-
pensated method to minimize the detection bias [8] [9] [14] [18]. 

3.8.3. Similarity of Participants 
The participants in four eligible studies were stated to have similar and comparable 
baseline characteristics, including gender, age, type of difficult AVF access, type of 
fistula and co-morbidities. Subjects were randomly allocated to treatment and con-
trol groups in a 1:1 ratio. Furthermore, the baseline demographics of the recruited 
patients exhibited similar characteristics, with no significant difference observed be-
tween the intervention and the control group with a p-value > 0.05 [8] [9] [14] [18]. 

3.8.4. Outcome Measurement 
All selected studies’ treatment was according to protocol and were treated equally 
within the same group. The US-guided cannulation was the only treatment in the 
intervention group. Also, all studies had clear primary and secondary outcomes, 
and all the outcome measure methods and tools were stated clearly in standard, 
valid, and reliable ways, including the rate of successful cannulation and compli-
cation and pain score applied.  

3.8.5. Dropout Rate and Intention-to-Treat 
Chen et al. (2023) and Wu et al. (2022) had a 0% dropout rate and no risk of 
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attribution bias [9] [14]. Moreover, intention-to-treat was used, and all the data 
were included for analysis. One of the studies had 12.5% in which four partici-
pants dropped out as one withdrew and three transferred to other units; Inten-
tion-to-treat was applied in this study [18]. The pilot study had a 10% dropout 
rate but did not apply intention-to-treat. This study used the per-protocol method 
to analyze the data as this pilot study only analyzed the data based on participants 
who completed the study and their allocated intervention. It did not deal with 
missing data [8].  

3.8.6. Comparability of Multi-Site Results 
There was no comparison of multi-site could be made as all of the four selected 
studies were single-centre studies [8] [9] [14] [18].  

3.8.7. Level of Evidence 
SIGN checklist was used to appraise the quality of all selected studies. There were 
three acceptable-quality studies and one low-quality pilot study. The studies of 
Chen et al. (2023), Eves et al. (2021) and Wu et al. (2022) were RCT (+) and rated 
as acceptable quality with clear research questions [9] [14] [18]. Computerized 
randomization and concealment were properly performed to minimize the bias. 
Moreover, the dropout rate ranges from 0% [9] [14] (Chen et al., 2023; Wu et al., 
2022) to 12.5% [18] of the study, which was within the acceptable range, being 
lower than 20%. Intention to treat analysis was applied. There was no blinding to 
subjects and investigators, although it was explained based on the nature of the 
study. Also, there was a small sample size with no mention of statistical power. 
Nevertheless, those studies used valid and reliable tools to access the outcomes. In 
conclusion, most criteria were met, although some criteria in those studies did not 
fulfil and might be associated with risk of bias. Therefore, those studies’ conclu-
sions might change in further studies.  

The study of Kumbar et al. (2018) was a pilot RCT (−) and rated as low quality 
[8]. The study did not mention the method of randomization, concealment and 
no blinding to the subject and investigators. Those lead to bias. Although there 
was only a 10% dropout rate, which was acceptable, there was no intention to 
treat. Also, a small sample size with no mention of statistical power will affect the 
quality of this study. Therefore, with overall missing critical criteria, the overall 
effect is uncertain and might need further RCT study. 

4. Discussion 

This is the first review to examine the current research evidence on ultrasound-
guided arteriovenous fistula (AVF) cannulation in hemodialysis patients with dif-
ficult vascular access, with a specific focus on the role of renal nurses in perform-
ing the procedure. The findings of this review suggest that US-guided AVF can-
nulation, when performed by renal nurses, may result in a higher successful can-
nulation rate and reduced complications such as hematoma, oozing blood, and 
infiltration compared to the conventional blind needling method. 
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Certified renal nurses play a crucial role as the primary providers of AVF treat-
ment and access care. However, it is important to acknowledge that cannulation 
skill may vary among nurses due to differences in expertise, including factors such 
as cannulation assessment and techniques. The accuracy and skill level of nurses 
are critical for the successful implementation of US-guided cannulation in diffi-
cult AVF access. Failure to achieve proper cannulation can result in complications 
and have a negative impact on AVF survival [5] The reviewed studies provided 
training for nursing staff before performing the US-guided AVF cannulation [8] 
[9] [18], including simulated US device operation training [8], theory sessions and 
practical sessions provided by nephrologists and senior vascular surgeons [9] [18]. 
Nurses’ competence was also assessed by requiring at least three successful can-
nulations using ultrasound (US) devices before performing US-guided cannula-
tion on patients [9] [18]. The results provided insight into the staff training re-
quired before renal nurses can effectively implement US-guided cannulation. 
However, the optimal training elements for quality improvement warrant further 
investigation. 

While difficult AVF access can lead to severe complications which require close 
attention, the current literatures fail to provide a clear and universally accepted 
definition. This lack of a standardized definition can lead to inconsistencies in 
clinical practice, suggesting the need for further research and consensus on defin-
ing difficult AVF access. Meanwhile, the selected studies included diverse charac-
teristics of AVF as difficult access, including new AVF fistular that less than three 
months or first cannulation AVF as difficult AVF access [8] [9] [14] [18], failure 
or difficulty in cannulation’s AVF with complications (bruises or hematoma) [9] 
[18], stenosis AVF [9], postangioplasty/thrombectomy AVF [9], upper extremity 
AVF [14] and deep-seated AVF access (4 - 7 mm from skin) [9] [14]. This synthe-
sis provides insights into the characteristics of difficult AVF that may benefit from 
US-guided cannulation. These identified characteristics should be considered and 
further investigated when assessing the potential for successful implementation 
and transferability of US-guided cannulation performed by renal nurses. 

The use of a handheld US device was recommended by all studies [8] [9] [14] 
[18]. Based on the notable improvement in clinical outcomes and the acceptable 
quality study conducted by Wu et al. (2022), it is recommended to utilize color 
Doppler ultrasound specifically in the longitudinal section view, for assessing 
AVF access [14]. 

Infection control during cannulation procedures is critical in minimizing the 
risk of complications. Using sterile gloves was considered a standard aseptic tech-
nique during ultrasound-guided cannulation to reduce the risk of needling-in-
duced infections [8] [9] [14] [18]. Sterile US probe covers/sleeves, sterile gel, and 
sterile drape were also used to facilitate sterile US-guided cannulation [8] [9] [14] 
[18]. However, the reviewed studies adopted diverse aseptic technique for skin 
preparation and devise disinfection. Chen et al. (2023) and Wu et al. (2022) used 
2% chlorhexidine and 0.2% active iodine respectively for skin disinfection [9] [14]. 
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Kumbar et al. (2018) disinfected the ultrasound-guided device using hydrogen 
peroxide disinfectant wipes [8], while Wu et al. (2022) applied a disinfectant med-
ical ultrasonic couplant to the probe before use [14]. Kumbar et al. (2018) further 
used transparent adhesive film covering the US machine during the procedure [8]. 
This disparity in study design underscores the necessity for further research with 
robust methodologies to definitively establish effective infection control protocols 
in cannulation practices. 

For the cannulation technique, it is recommended to use the non-dominant 
hand (left hand) to hold the US probe and the dominant hand (right hand) to 
insert the needling, as suggested by Chen et al. (2023) and Wu et al. (2022) [9] 
[14]. Followed by marking the cannulation site using the distal end of the US 
probe [9] [14] (Chen et al., 2023; Wu et al., 2022). To adjust the cannulation angle, 
the US screen should be used to show the running track of the needle, as advised 
by Chen et al. (2023), Wu et al. (2022), and Kumbar et al. (2018). Finally, to con-
firm the needle position and patency, the blood flushed back into the fistular nee-
dle tubing should be observed, as suggested by Chen et al. (2023), Wu et al. (2022), 
and Eves et al. (2021) [9] [14] [18]. 

5. Limitations 

This study has several limitations. Firstly, only four randomized controlled trials 
(RCTs) were included in the analysis. Secondly, the outcome measures and inter-
vention implementations, including the use of ultrasonic devices, cannulation 
techniques, and infection control measures, were highly varied. This variability 
could limit the generalizability of the findings. Thirdly, the study only included 
research published in English-language peer-reviewed journals. Any unpublished 
research and relevant literature in other languages or other forms of publications 
were excluded, potentially omitting valuable data. Finally, the results of the risk of 
bias assessment showed various types of biases according to the SIGN assessment 
tool. This could potentially over- or under-estimating the effects of nurse-per-
formed US-guided cannulation. These limitations suggest a need for caution in 
interpreting and generalizing the study’s findings. All studies focused on the im-
mediate effects without examining the longer-term benefits. Further research with 
longer-term follow-up is needed to evaluate the potential advantages of US-
guided AVF cannulation by renal nurses in difficult AVF access. 

6. Conclusions 

This meta-analysis of four studies has shown that, as compared to blind needle 
cannulation, US-guided cannulation performed by renal nurses has demonstrated 
higher successful cannulation, and fewer complications. Meanwhile, the selected 
studies showed risk of bias across studies, which would affect the reliability and 
generalization of this meta-analysis. 

Despite the limitations, renal nurses have shown competency in utilizing US-
guided cannulation for difficult AVF access in improving clinical outcomes after 
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receiving training. The results suggest the value of further training for renal nurses 
in US-guided cannulation, which may lead to broader implementation of US-
guided cannulation and, consequently, improved patient outcomes. Future stud-
ies could explore the optimal nursing training and longer-term benefits of US-
guided cannulation in difficult AVF access. 

Declaration of Generative AI and AI-Assisted Technologies in  
the Writing Process 

During the preparation of this work, the author(s) used ChatGPT 3.5 for English 
editing. After using this tool/service, the author(s) reviewed and edited the con-
tent as needed and take(s) full responsibility for the content of the publication. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this paper. 

References 
[1] National Institute of Diabetes and Digestive and Kidney Diseases (2023) Kidney Dis-

ease Statistic for the United States.  
https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease  

[2] Hashmi, M.F., Benjamin, O. and Lappin, S.L. (2023) End-Stage Renal Disease. Stat 
Pearls. https://pubmed.ncbi.nlm.nih.gov/29763036/  

[3] Zhang, L. and Zuo, L. (2016) Current Burden of End-Stage Kidney Disease and Its 
Future Trend in China. Clinical Nephrology, 86, 27-28.  
https://doi.org/10.5414/cnp86s104 

[4] Johansen, K.L., Chertow, G.M., Gilbertson, D.T., Herzog, C.A., Ishani, A., Israni, 
A.K., et al. (2022) US Renal Data System 2021 Annual Data Report: Epidemiology of 
Kidney Disease in the United States. American Journal of Kidney Diseases, 79, A8-
A12. https://doi.org/10.1053/j.ajkd.2022.02.001 

[5] Schoch, M.L., Currey, J., Orellana, L., Bennett, P.N., Smith, V. and Hutchinson, A.M. 
(2018) Point-of-care Ultrasound-Guided Cannulation versus Standard Cannulation 
in Haemodialysis Vascular Access: Protocol for a Controlled Random Order Crosso-
ver Pilot and Feasibility Study. Pilot and Feasibility Studies, 4, Article No. 176.  
https://doi.org/10.1186/s40814-018-0370-9 

[6] Tawfik, A.M., Zidan, M.H., Salem, A. and Salem, A. (2022) A Randomized Controlled 
Study of Early versus Standard Cannulation of Arteriovenous Grafts in Hemodialysis 
Patients. Journal of Vascular Surgery, 75, 1047-1053.  
https://doi.org/10.1016/j.jvs.2021.08.106 

[7] National Kidney Foundation (2006) 2006 Updates Clinical Practice Guidelines and 
Recommendations. KDOQI.  

[8] Kumbar, L., Soi, V., Adams, E., Brown Deacon, C., Zidan, M. and Yee, J. (2017) Cor-
onal Mode Ultrasound Guided Hemodialysis Cannulation: A Pilot Randomized 
Comparison with Standard Cannulation Technique. Hemodialysis International, 22, 
23-30. https://doi.org/10.1111/hdi.12535 

[9] Chen, S., Liu, J.S., Chai, C.C., Si, C., Tan, S.H., Ravindran, H.R., et al. (2022) Handheld 
Ultrasound-Guided Cannulation of Difficult Hemodialysis Arteriovenous Access: A 
Randomized Controlled Trial. Hemodialysis International, 27, 21-27.  

https://doi.org/10.4236/health.2024.1611068
https://www.niddk.nih.gov/health-information/health-statistics/kidney-disease
https://pubmed.ncbi.nlm.nih.gov/29763036/
https://doi.org/10.5414/cnp86s104
https://doi.org/10.1053/j.ajkd.2022.02.001
https://doi.org/10.1186/s40814-018-0370-9
https://doi.org/10.1016/j.jvs.2021.08.106
https://doi.org/10.1111/hdi.12535


A. H. M. Chan, A. H. Y. Lam 
 

 

DOI: 10.4236/health.2024.1611068 1012 Health 
 

https://doi.org/10.1111/hdi.13050 

[10] Lok, C.E. and Foley, R. (2013) Vascular Access Morbidity and Mortality: Trends of 
the Last Decade. Clinical Journal of the American Society of Nephrology, 8, 1213-
1219. https://doi.org/10.2215/cjn.01690213 

[11] Behera, M.R., John, E.E., Thomas, A., David, V.G., Alexander, S., Mohapatra, A., et 
al. (2021) Difficult Cannulation of Hemodialysis Arteriovenous Fistula—Role of Im-
aging in Access Management (DICAF Study). The Journal of Vascular Access, 23, 
877-884. https://doi.org/10.1177/11297298211015097 

[12] Lee, T., Barker, J. and Allon, M. (2006) Needle Infiltration of Arteriovenous Fistulae 
in Hemodialysis: Risk Factors and Consequences. American Journal of Kidney Dis-
eases, 47, 1020-1026. https://doi.org/10.1053/j.ajkd.2006.02.181 

[13] Suri, R.S., Larive, B., Sherer, S., Eggers, P., Gassman, J., James, S.H., et al. (2013) Risk 
of Vascular Access Complications with Frequent Hemodialysis. Journal of the Amer-
ican Society of Nephrology, 24, 498-505. https://doi.org/10.1681/asn.2012060595 

[14] Wu, A., Huang, H., Zhang, H. and Li, H. (2022) In-Plane Guided Upper Arm Arteri-
ovenous Fistula Cannulation with Color Ultrasound. Hemodialysis International, 26, 
496-502. https://doi.org/10.1111/hdi.13043 

[15] Parisotto, M.T., Schoder, V.U., Miriunis, C., Grassmann, A.H., Scatizzi, L.P., Kauf-
mann, P., et al. (2014) Cannulation Technique Influences Arteriovenous Fistula and 
Graft Survival. Kidney International, 86, 790-797. https://doi.org/10.1038/ki.2014.96 

[16] Dua Niyyar, V., Buch, K., Rawls, F. and Broxton, R. (2021) Effectiveness of Ultra-
sound-Guided Cannulation of AVF on Infiltration Rates: A Single Center Quality 
Improvement Study. The Journal of Vascular Access, 24, 322-328.  
https://doi.org/10.1177/11297298211034280 

[17] (2019) AIUM Practice Parameter for the Use of Ultrasound to Guide Vascular Access 
Procedures. Journal of Ultrasound in Medicine, 38, E4-E18.  
https://doi.org/10.1002/jum.14954  

[18] Eves, J., Cai, P., Latham, R., Leung, C., Carradice, D., Chetter, I., et al. (2020) A Ran-
domised Clinical Trial of Ultrasound Guided Cannulation of Difficult Fistulae for 
Dialysis Access. The Journal of Vascular Access, 22, 635-641.  
https://doi.org/10.1177/1129729820954725 

[19] Scottish Intercollegiate Guideline Network (SIGN) (2021) Checklists. Healthcare Im-
provement Scotland. https://www.sign.ac.uk/what-we-do/methodology/checklists/  

[20] Higgins, J.P.T. (2003) Measuring Inconsistency in Meta-Analyses. BMJ, 327, 557-560.  
https://doi.org/10.1136/bmj.327.7414.557 

https://doi.org/10.4236/health.2024.1611068
https://doi.org/10.1111/hdi.13050
https://doi.org/10.2215/cjn.01690213
https://doi.org/10.1177/11297298211015097
https://doi.org/10.1053/j.ajkd.2006.02.181
https://doi.org/10.1681/asn.2012060595
https://doi.org/10.1111/hdi.13043
https://doi.org/10.1038/ki.2014.96
https://doi.org/10.1177/11297298211034280
https://doi.org/10.1002/jum.14954
https://doi.org/10.1177/1129729820954725
https://www.sign.ac.uk/what-we-do/methodology/checklists/
https://doi.org/10.1136/bmj.327.7414.557

	Effectiveness of Ultrasound-Guided Arteriovenous Fistulas Cannulation in Difficult Hemodialysis Arteriovenous Access: A Meta-Analysis of Randomised Controlled Trials
	Abstract
	Keywords
	1. Introduction
	2. Methods
	2.1. Eligibility Criteria
	2.1.1. Participants
	2.1.2. Interventions
	2.1.3. Comparator
	2.1.4. Outcomes

	2.2. Exclusion Criteria
	2.3. Searching Strategy
	2.4. Quality Assessment
	2.5. Data Extraction
	2.6. Statistical Analysis

	3. Results
	3.1. Search Result
	3.2. Study Characteristics
	3.3. Participant’s Characteristics
	3.4. Intervention 
	3.5. Comparator 
	3.6. Outcome Measures
	3.7. Effect of Intervention
	3.8. Appraisal Results
	3.8.1. Research Question 
	3.8.2. Randomization, Concealment, and Blinding
	3.8.3. Similarity of Participants
	3.8.4. Outcome Measurement
	3.8.5. Dropout Rate and Intention-to-Treat
	3.8.6. Comparability of Multi-Site Results
	3.8.7. Level of Evidence


	4. Discussion
	5. Limitations
	6. Conclusions
	Declaration of Generative AI and AI-Assisted Technologies in the Writing Process
	Conflicts of Interest
	References

