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Introduction: 

The most common location for invasive blood pressure monitoring and arterial blood sampling in the critical 

care setting is the radial artery.[1] Radial artery cannulation is generally safe procedure, however a small 

percentage of patients experience infectious, thrombotic or mechanical complications and the incidence of these 

complications increases with each additional attempt.[2] The use of ultrasound has recently been shown to be a 

best practice as an adjunct to radial artery cannulation.[3] This translates into a significantly improved first 

attempt success rate and a reduction in the mean number of attempts required. 

Current studies show that on average between one and three attempts using ultrasound guidance are required for 

successful cannulation.[3] With this in mind there have been a number of studies investigating other aspects of 

the radial artery cannulation process. A recent meta-analysis by Gao and colleagues showed no evidence to 

support either the long-axis in-plane or short-axis out-of-plane techniques.[4] Another aspect that may influence 

first attempt success rate of radial artery cannulation is the angle at which the wrist is bent during the procedure. 

A commonly cited cause of failure to cannulate under ultrasound guidance is small radial artery diameter.[5] 

Several studies have been performed investigating the effect of wrist angle on radial artery size and ultimately 

first pass success. Currently, there are no meta-analyses providing a concise summary of this growing body of 

literature. The aim of this review is to determine whether there is an optimum wrist angle for radial artery 

cannulation as determined by radial artery measurements and cannulation success. 
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Methods: 

Search Strategy:  

Five databases (CINAHL, SCOPUS, PubMed, Medline and Web of Science) were independently searched from 

their inception until June 2016. This systematic search was conducted independently by TM and LW. The 

search terms included: 

(1) (radial (artery OR arterial)) AND (wrist (angle OR angulation OR position OR positioning));  

A manual reference and citation check of all papers and recent reviews was performed to identify any additional 

studies.  

Inclusion and Exclusion Criteria: 

For inclusion into this review, all studies were required to report on measurements of the radial artery and/or 

successful radial artery cannulation. These outcome had to be measured secondary to differing wrist angles.  

Two reviewers (TM & LW) independently assessed and agreed upon each study for inclusion in this systematic 

review.  

We only included papers assessing adults, as paediatric radial artery anatomy differs substantially. We excluded 

any papers performing arterial punctures anywhere other than within 15cm of the wrist, this approximates to the 

lower half of the forearm.  

Data extraction: 

TM and LW independently extracted data from each of the included articles. The data extracted from each study 

included the study population demographics and co-morbidities, wrist angles, radial artery measurements and/or 

direct effect on radial artery cannulation. All data collected was then compared for homogeneity. 

Level of Evidence, Risk of Bias & Outcome Level of Evidence Ranking: 

Each articles level of evidence was evaluated using the Centre for Evidence Based Medicine (CEBM): Levels of 

Evidence.[6] These studies were then assessed for risk of bias and methodological quality using the Cochrane 

Collaboration’s tool for assessing the risk of bias.[7] As dictated by the risk of bias, or other serious 

methodological flaws, Level of Evidence may then be downgraded as described in the Cochrane tool.  
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The results from each study were then grouped into individual outcomes.  

Statistical Analyses 

RevMan 5.3 software was used to perform the data analysis (The Nordic Cochrane Centre, Copenhagen, 

Denmark). Differences in dichotomous outcomes were expressed as relative risk (RR), and continuous outcomes 

as a weighted mean difference (WMD), both with a 95% confidence interval (CI). The Mantel-Haenszel (M-H) 

random effects model was applied to the analysis. The I
2
 statistic was used to assess heterogeneity, with an I

2
 

>50% indicating significance. A significant RR and WMD was defined as a p value <0.05. Unless otherwise 

stated our in-text results are presented as either “[Mean Difference, 95% Confidence Interval, p-value]” or 

“Mean Difference [95% CI, p-value]”. 

Results: 

3.1 Literature Search Results: 

The systematic literature search yielded 235 citations, of which 36 were retrieved for review. These articles 

were selected for retrieval based on a review of their abstract, which appeared to meet the search criteria. Of 

these 36 articles, 6 met the inclusion criteria (Figure 1). Notably, the paper by Mizukoshi et al,[8] whilst eligible 

for inclusion could not be compiled into our meta-analysis as the data was only presented graphically without 

necessary numerical data. The authors were contacted for unpublished data to no success. The five remaining 

studies included 500 patients (Table 1). Each study was then screened for risk of bias and methodological 

quality using the Cochrane Collaboration’s tool for assessing the risk of bias (Figure 2). Of these five studies, 

two were high quality level one RCTs and three high quality, level one crossover studies (Table 1). Whilst 

crossover studies are not explicitly mentioned by the CEBM grading system we use, they fall under the level 

one ‘n-of-1’ banner and the inclusion of them as level one evidence is consistent with other groups’ 

recommendations.[9] 
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Table 1: Study Characteristics 

Study Study Type Number of 

Patients 

Patient Group Intervention 

(no of pts) 

Primary Outcome(s) Level of 

Evidence* 

Aydogan et 

al 

2013[10] 

Cross-over 

Controlled 

Trial 

152 Healthy Volunteers  

<50 years old 

 

0° (152) 

45° Ext. (152) 

60° Ext. (152) 

1) Radial Artery Height (US, SA & LA) 

2)  Radial Artery Width (US SA 

3) Radial Artery Depth from Skin (US, SA & LA) 

4) Radial Artery cross sectional area (US SA) 

Level 1 

Kucuk et al 

2013[11] 

Cross-Over 

Controlled 

Trial 

140 Healthy Volunteers  

70 young (18-30 

years old) 

70 elderly (50-80 

years old) 

0° (140) 

15° Ext. (140) 

30° Ext. (140) 

45° Ext. (140) 

60° Ext. (140) 

70° Ext. (140) 

1) Radial Artery Height (US LA) 

2) Radial Artery Depth from Skin (US LA) 

Level 1 

Kucuk et al 

2014[12] 

RCT 100 Surgical or ICU 

Patients Requiring 

Arterial Access 

>60 years old 

0° (20) 

15° Ext. (20) 

30° Ext. (20) 

45° Ext. (20) 

60° Ext. (20) 

1) Radial Artery Height (US SA) 

2) Radial Artery Depth from Skin (US SA) 

3) Cannulation Time 

4) First Attempt Success Rate 

5) Number of Attempts 

6) Success Rate 

Level 1 

Pandey et 

al 

2012[13] 

RCT 60 Patients undergoing 

elective surgery 

18-65 years old 

30° Ext. (20) 

45° Ext. (20) 

60° Ext. (20) 

 

1) Cannulation Time 

2) First Attempt Success Rate 

3) Number of Attempts 

4) Success Rate 

Level 1 

Selvaraj et 

al 

2015[14] 

Cross-Over 

Randomised 

Controlled  

Trial 

48  Healthy Volunteers 

(All females <25 

years old) 

0° (48) 

15° Ext. (48) 

30° Ext. (48) 

45° Ext. (48) 

60° Ext. (48) 

75° Ext. (48) 

1) Radial Artery Height 

2) Radial Artery Width 

3) Radial Artery Depth from Skin 

Level 1 

* Level of Evidence assessed using the Centre for Evidence Based Medicine (CEBM): Levels of Evidence 

Introduction Document.[6] 

Ultrasound Measurement of the Radial Artery: 

Radial Arterial Height on Ultrasound Examination:  

There was conflicting evidence on the affect of wrist extension on RA height. Five level one papers assessed 

this outcome (Figure 3). At 15° extension there was no significant effect of extension of RA size, with all three 

papers describing minimal non-significant effects. At 30° there was a borderline-significant increase in arterial 

height, with a mean difference 0.14mm [0.00-0.29, p=0.05]. One paper found reported a significant increase in 

the arterial height, one paper found a non-significant increase and the final paper found no effect. There was 

substantial heterogeneity, I
2
=70%.  

At 45° there was incongruence between findings. Four papers reported this outcome, with two finding 

significant and large effect sizes, whilst two further papers reported no effect and a small, significant negative 

effect. Overall this angle on extension had the largest mean difference +0.30mm, but was not statistically 

significant [-0.20-0.79, p= 0.24]. The data’s heterogeneity was very high, I
2
= 99%. Wrist extension beyond 60° 

found no significant change in RA height on ultrasound. Four papers assessed 60° extension, with two finding a 

small, positive significant effect, one paper finding no effect, and one reporting a small reduction in arterial 

height. Only two papers report on extension to 70-75°, with one paper finding a small significant effect and the 

other reporting no effect.  
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Sensitivity analysis results by age and by participant status: 

We undertook a sensitivity analyses of the data to re-examine difference in the studies populations. As 45° was 

the most heterogonous set of data, and examined by the most groups we present that information here. We re-

analysed the data based on participant age (Figure Appendix A – A1) and participant type (hospital inpatient vs 

healthy volunteer) (Figure Appendix A - A2).  

There was a significant difference in the overall effect sizes observed base on the age of participants; in subjects 

less than 60 years old [0.11mm, –0.35-0.57, p=0.64] as opposed to those older [0.72mm, 0.23-1.21, p=0.004].  

Only one level one paper studied in-hospital patients and this was the paper that reported the greatest effect size.  

Radial Artery Width and Depth on Ultrasound: 

Two level one papers reported on radial artery width with wrist angulation (Figure Appendix A - A3). We found 

no significant effect on the width of the radial artery at 45° or 60° as compared to 0°.  

Four papers assessed radial artery depth by ultrasound. The artery was significantly closer to skin at 45° [–

0.29mm, –0.52 - –0.05, p=0.02] and 60° extension [-0.41mm, –0.63 - –0.19, p=0.0003] (Figure 4). This effect 

was no longer apparent at extension beyond 60°. Overall, as in our other analyses this data was substantially 

heterogonous. 

Clinical Measures 

Two papers, both level one high quality RCTs reported on the effects of wrist angulation on cannulation success 

(Figure 5). This was measured by both papers as a combination of overall success rates, first pass success and 

cannulation time. One paper by Pandey and colleagues only compared 30°, 45° and 60°. We therefore report 

only on this range, using 45° as the control extension.  

Cannulation Time – Figure 5 

Our analysis showed that cannulation is significantly faster at 45° than at either 30° [7.36s, 2.16-12.56, p=0.006] 

or 60° [9.03s, 4.25-13.81, p=0.0002]. 

Success Rate – Figure Appendix A4 & A5 

The first pass success rate was significantly higher at 45° than 30° [0.77, 0.61-0.98, p=0.03]. There was a non-

significant trend in favour of 45° when compared to 60° [0.79, 0.56-1.12, p=0.19].  

The rate of overall successful catheterisation comparable across the three differing angulations assessed, with a 

small non-significant trend in favour of 45° extension.  

4.0 Discussion: 

We undertook a systematic review and meta-analysis of studies comparing radial arterial access at varying 

angles of wrist extension. To our knowledge this is the first systematic review in this area and incorporates data 
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from 500 patients. Overall the review demonstrated there is moderate evidence to support wrist extension at 45° 

and has highlighted potential future research directions.  

Our meta-analysis suggests that wrist extension increases radial artery height. Whilst the amalgamated data does 

not reach clinical significance, there is a clear trend to increased arterial height with moderate wrist extension, 

which ten diminishes once the wrist is extended past 60°. The greatest mean effect was seen at 45° [+0.3mm, 

p=0.24]. 

The heterogeneity of the data motivated us to closely examine relevant subgroups amongst the studies. We 

undertook a sensitivity analysis, and found there were substantial differences in the effect of wrist angulation in 

subjects with a mean age of less than 60 years old when compared to those over 60 (Figure A1).  

We also reanalysed the results by participant type, whether they were healthy volunteers or in-patients in 

hospital. Only one of the included studies that utilised ultrasound examined patients in hospital requiring arterial 

line catheterisation (Figure A2), and qualitatively it is of interest to note that this is the same study that 

demonstrate the greatest effect size.  

Our subgroup analysis suggests that there may be substantial differences in the behaviour of the vasculature of 

healthy volunteers and elderly or in-hospital patients. We would suggest that one potential explanation for the 

effects observed here and the data heterogeneity is that in the young, healthy volunteers wrist angulation may 

have little effect on arterial size. It is possible that as people age and develop vascular disease extrinsic factors 

such positioning may have a larger role to play in achieving successful and non-traumatic cannulation.  

Indeed it is of interest to note that one study by Aydogan and colleagues studied volunteers less than 50 years of 

age, but actually specifically excluded participants with peripheral vascular disease; they do not elaborate on the 

reasoning behind this exclusion criteria.  

Of course those in hospital, or out of hospital with multiple comorbidities are the very people who are most 

likely to require arterial cannulation. Given the differences in effect across different study populations, as shown 

by the heterogeneity of effect size and our sensitivity analyses, we must consider the external validity of some of 

the study data included in this review may be very low. 

Our meta-analysis of the clinical evidence also provides moderate evidence that wrist extension to 45° is 

superior for facilitating radial artery cannulation. Cannulation time was significantly shorter at 45° than at either 

30° or 60° (Figure 5) and there were non-significant trends towards improved first-pass success (Figure A4) and 

overall success (Figure A5). 

The compiled data also supports the concept that the radial artery moves superficially as the wrist is extended, at 

least up to 60° extension (Figure 4). At each incremental extension of the wrist, the artery appears to move more 

superficially, until at 60° the mean difference in depth was -0.41mm [–0.63- –0.19, p=0.0003].  

This data also relies in part on surrogate measures for arterial catheterisation success, those of arterial 

dimensions on ultrasound. Vessel diameter is only one parameter that is cited to contribute to successful 
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catheterisation. Others aspects such as palpability of the pulse and tortuosity or the arterial course were not 

considered here. 

We suggest that future studies could focus on assessing arterial parameters of those who are likely to receive 

arterial lines, for example hospital inpatients or outpatient volunteers with comorbidities that predispose them to 

periods of illness in hospital. Most importantly further research needs to be done investigating whether wrist 

angle alteration contributes to improved success rate in difficult populations (e.g. the obese or those with 

peripheral arterial disease). 

5.0 Conclusion: 

There is moderate evidence to support 45° wrist angulation to facilitate radial artery cannulation. However, this 

evidence is confounded by the significant heterogeneity that is likely attributed to the high percentage of healthy 

young volunteers who were studied. Our knowledge base would be well served if future studies focussed on 

populations predisposed to difficult radial artery cannulation. 

6.0 Conflict of Interest: 

The authors have no conflicts of interest to declare. 

 

7.0 Bibliography 

[1] Scheer BV, Perel A, Pfeiffer UJ. Clinical review: 
Complications and risk factors of peripheral arterial catheters 
used for haemodynamic monitoring in anaesthesia and 
intensive care medicine. Critical Care. 2002;6(3):1-7. 
[2] Schwemmer U, Arzet HA, Trautner H, Rauch S, 
Roewer N, Greim C-A. Ultrasound‐guided arterial cannulation in 
infants improves success rate. European Journal of 
Anaesthesiology (EJA). 2006;23(6):476-80. 
[3] White L, Halpin A, Turner M, Wallace L. Ultrasound-
guided radial artery cannulation in adult and paediatric 
populations: a systematic review and meta-analysis. British 
Journal of Anaesthesia. 2016;116(5):610-7. 
[4] Gao Y-B, Yan J-H, Ma J-M, Liu X-N, Dong J-Y, Sun F, et 
al. Effects of long axis in-plane vs short axis out-of-plane 
techniques during ultrasound-guided vascular access. The 
American Journal of Emergency Medicine. 2016;34(5):778-83. 
[5] Miller AG, Bardin AJ. Review of Ultrasound-Guided 
Radial Artery Catheter Placement. Respiratory Care. 
2016;61(3):383-8. 
[6] Howick J, Chalmers I, Glasziou P, Greenhalgh T, 
Heneghan C, Liberati A, et al. The 2011 Oxford CEBM Levels of 
Evidence (Introductory Document)2011. Available from: 
http://www.cebm.net/index.aspx?o=5653. 
[7] Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher 
D, Oxman AD, et al. The Cochrane Collaboration's tool for 
assessing risk of bias in randomised trials. BMJ. 
2011;343:d5928. 
[8] Mizukoshi K, Shibasaki M, Amaya F, Hirayama T, 
Shimizu F, Hosokawa K, et al. Ultrasound evidence of the 
optimal wrist position for radial artery cannulation. Can J 
Anaesth. 2009;56(6):427-31. 
[9] Council NHaMR. NHMRC: How to use the evidence: 
assessment and application of scientific evidence. . NHMRC: 
How to use the evidence: assessment and application of 
scientific evidence. 2000. 
[10] Aydogan H, Kucuk A, Boyaci FN, Yuce HH, Yalcin F, 
Altay N, et al. Optimal wrist position for long and short axis 

ultrasound guided radial artery cannulation. Clin Ter. 
2013;164(4):e253-7. 
[11] Kucuk A, Yalcin F, Yuce HH, Boyaci FN, Aydin MS, 
Kaya Z, et al. FORTY-FIVE DEGREE WRIST ELEVETION IS 
OPTIMAL FOR ULTRASONOGRAPHY GUIDED LONG AXIS RADIAL 
ARTERY CANNULATION BOTH FOR YOUNG AND ELDERLY 
SUBJECTS. Acta Medica Mediterranea. 2013;29(291):4. 
[12] Kucuk A, Yuce HH, Yalcin F, Boyaci FN, Yildiz S, Yalcin 
S. Forty-five degree wrist angulation is optimal for ultrasound 
guided long axis radial artery cannulation in patients over 60 
years old: a randomized study. J Clin Monit Comput. 
2014;28(6):567-72. 
[13] Pandey R, Ashraf H, Bhalla AP, Garg R. Optimal Wirst 
Angulation shortens time needed for radial artery 
catheterization: a prospective, randomized, and blinded study. 
Acta Anaesth Belg 2012;63(4):3. 
[14] Selvaraj V, Buhari FS. Ultrasound evaluation of effect 
of different degree of wrist extension on radial artery 
dimension at the wrist joint. Annals of Cardiac Anaesthesia 
2016;19(1):5. 



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 

 

Figure 1 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 

Figure 2 
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Figure 3 

  



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

ACCEPTED MANUSCRIPT

 

Figure 4 
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Figure 5 
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Figure 1: Study identification algorithm outlining the filtering process from the literature search through to study inclusion. 

Figure 2: Screening of bias and methodological quality based on the Cochrane Collaboration’s tool for assessing the risk of bias 

Figure 3: Radial Artery Height on US, with varying extension of the wrist 

Figure 4: Radial Artery Depth from Skin to Arterial Wall on US, with varying extension of the wrist 

Figure 5: Cannulation Time at varying extension of the wrist, 30° and 60° vs 45° 
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