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ABSTRACT
Background It is generally recommended to keep 
the wrist joint mildly dorsiflexed during radial artery 
catheterisation. However, wrist dorsiflexion might 
decrease the success rate of radial artery catheterisation 
with dynamic needle tip positioning technique. Therefore, 
we assessed the success rates of two groups with or 
without wrist dorsiflexion by 5 cm wrist elevation in 
adult patients.
Methods This randomised controlled clinical trial 
was performed between March and December 2018 
in the First Affiliated Hospital of Shantou University 
Medical College, China. We recruited 120 adult patients 
undergoing major surgical procedures and randomly 
allocated them into two groups: dorsiflexion group 
(group D) and neutral group (group N). The primary 
outcome was first- attempt success rates of two groups. 
Secondary outcomes were overall success rates within 
5 min; numbers of insertion and cannulation attempts; 
overall catheterisation time; duration of localisation, 
insertion and cannulation; and complication rates of 
catheterisation.
Results First- attempt success rate was 88.3% in group 
D and 81.7% in group N (p=0.444). The overall success 
rate within 5 min was 93.3% in group D compared with 
90.0% in group N (p=0.743). Numbers of insertion 
and cannulation attempts, overall catheterisation time, 
duration of localisation and insertion, and complication 
rates did not show a significant difference between the 
two groups. Cannulation time was longer in group N 
(35.68 s) than that in group D (26.19 s; p<0.05).
Conclusion Wrist dorsiflexion may not be a necessity 
for ultrasound- guided radial artery catheterisation 
using dynamic needle tip positioning technique in adult 
patients.
Trial registration number ChiCTR1800015262.

InTROduCTIOn
Arterial catheterisation is a commonly performed 
invasive procedure in the emergency department, 
intensive care unit and operating theatre to facil-
itate accurate haemodynamic monitoring and 
frequent blood sampling.1 Ultrasonography has 
been increasingly used for radial artery catheteri-
sation. The combined short- axis and out- of- plane 
technique using dynamic needle tip positioning 
(DNTP) has been shown to have a higher success 
rate compared with the combined long- axis and 
in- plane technique.2

The generally recommended positioning for 
radial artery catheterisation is to keep the wrist 
joint mildly dorsiflexed.3 However, in prior 
studies, the artery became more superficial with 
wrist dorsiflexion4 and DNTP was challenging in 
superficial target vessels because needle tip control 
was difficult at shallow depths immediately after 
skin perforation.5 Also, radial artery height was 
decreased with wrist dorsiflexion, which was a 
potential disadvantage for cannulation.6 Moreover, 
extreme wrist dorsiflexion may attenuate the pulse 
by stretch or extrinsic tissue pressure and injure the 
median nerve.3

In this study, we aimed to investigate whether 
slight wrist dorsiflexion by 5 cm wrist elevation 
could affect the success rate, overall catheterisation 
time and complication rate of ultrasound- guided 
radial artery catheterisation using a DNTP tech-
nique in adult patients.

MATeRIAlS And MeTHOdS
ethics approval
This study was approved by the Institutional Review 
Board of the First Affiliated Hospital of Shantou 
University Medical College. Consent was obtained 
from patients or their surrogates for procedures 

Key messages

What is already known on this subject
 ► It is generally recommended to keep the wrist 
joint mildly dorsiflexed during radial artery 
catheterisation.

 ► Wrist dorsiflexion may decrease the success 
rate of radial artery catheterisation with 
dynamic needle tip positioning technique.

What this study adds
 ► This randomised controlled clinical trial showed 
that wrist dorsiflexion by 5 cm wrist elevation 
did not alter the dimension of the radial artery, 
including width, height and depth.

 ► Our results suggested that wrist dorsiflexion 
did not affect first- attempt success rate, 
overall success rate, overall catheterisation 
time or complication rate, but decreased 
cannulation time of ultrasound- guided radial 
artery catheterisation using dynamic needle tip 
positioning technique in adult patients.
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where radial artery catheterisation was indicated. The study 
was registered at the Chinese Clinical Trial Registry (registration 
number: ChiCTR1800015262).

Population
Patients older than 18 years undergoing major surgical procedures 
that required invasive continuous blood pressure monitoring or 
frequent arterial blood sampling as determined by the attending 
anaesthesiologists between March and December 2018 in the 
First Affiliated Hospital of Shantou University Medical College, 
China were eligible for recruitment in this study. Patients with 
abnormal Allen test, radial or ulnar artery occlusion, peripheral 
vascular diseases (arterial atherosclerosis, primary or secondary 
vasculitis, angioma and Raynaud’s disease), coagulopathy (Inter-
national Normalised Ratio ≥1.5 or platelet count ≤10×109/L), 
any infection, trauma or scars at the insertion site were excluded. 
Patients did not incur the cost of the intervention in the research.

Patient and public involvement
Patients were not involved in the conception or design of the 
study or asked to disseminate the study results.

Sample size estimation
A previous study showed that the first- attempt success rate of 
ultrasound- guided radial artery catheterisation with mild wrist 
extension was about 65%.7 Assuming a 25% increase in first- 
attempt success rate, with a two- sided significance level (α) of 
0.05 and power (β) of 90%, 54 patients in each group (total 108 
cases) were required to obtain a significant result. To compensate 
for any possible data losses, we enrolled 120 cases, 60 cases in 
each group (figure 1).

Randomisation
Randomisation was performed through an interactive web 
response system (Brightech Clinical Information Management 
System). The randomisation assignments were computer gener-
ated with randomly selected block sizes and then placed in sealed 
opaque envelopes.

dnTP technique8

First, a short- axis out- of- plane image of the radial artery is 
obtained around the proximal wrist crease using a high- frequency 
linear ultrasound probe. Then the needle and catheter puncture 
the skin at an angle of 30°–40° until the hyperechoic needle tip 
is viewed on the ultrasound screen. After that, the ultrasound 
probe is advanced proximally along the arm and away from the 
site of needle insertion until the hyperechoic needle tip disap-
pears from the ultrasound image. The needle is then advanced a 
few millimetres until the tip is seen again (figure 2). This stepwise 
process is repeated as necessary, modifying the angle of approach 
to keep the needle tip in the centre of the arterial lumen. When 
at least 1 cm of the needle is inside the arterial lumen, the cath-
eter is threaded off the needle and connected to the monitor.

Study design
The designated group for the patient was revealed when a sealed 
opaque envelope containing a piece of paper with either group 
D or group N printed on it was opened. The patient’s arm was 
abducted from the body by the operator. In group D, the wrist 
was slightly dorsiflexed with palm up and a cotton fabric roll 
with a diameter of 5 cm was placed on the extensor surface at 
the point of flexion, and the phalanges were taped and fixed 
to the operation board. In group N, the patient’s wrist was 
not dorsiflexed. The ultrasound machine (FUJIFILM SonoSite, 
Washington, DC) and high- frequency linear probe (13–6 MHz, 
FUJIFILM SonoSite) were used for all catheterisations. Before 
needle puncture, a recorder (not any one of the operators) 
obtained a cross- sectional image of the targeted radial artery in 
short- axis view at a depth of 1.5 cm, then measured and recorded 

Figure 1 Consolidated standards of reporting trials flow diagram.

Figure 2 Dynamic needle tip positioning technique. (A) The radial artery was punctured. The hyperechoic needle tip was visualised in the lumen 
of the radial artery. (B) With ultrasound probe being moved proximally along the arm and away from the needle insertion point, hyperechoic needle 
tip disappeared from the ultrasound image. (C) With advancement of the needle, the needle tip was seen again in the image. The radial artery was 
indicated by a red circle. The needle tip was indicated by a white arrow.
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the heights, widths and depths of the artery using the calibre tool 
of the ultrasound machine (figure 3).

Four trained operators were assigned to both groups and were 
blinded to the measurement data. After the patient was posi-
tioned, they performed the procedure. A universal sterile tech-
nique protocol was followed throughout. The patient’s wrist 
was disinfected with iodine and then properly draped. Using 
a 20G angio- catheter (Introcan- W B. Braun Melsungen AG, 
Melsungen, Germany), they applied the DNTP technique. The 
timer was started when the ultrasound probe contacted the skin. 
Three timepoints were recorded (figure 4). Timepoint 1: when 
the needle punctured the skin (localisation time). Timepoint 2: 
when blood could be viewed inside the transparent flashback 
chamber of the needle (insertion time). Timepoint 3: when the 
catheter was completely placed into the artery with arterial 
waveform appearing on the monitor (cannulation time).

Overall success was successful catheterisation with less than 
three attempts at insertion and three attempts at cannulation 
within 5 min. One needle puncture of the skin was counted as 
one insertion. When the catheter was completely threaded off 
the needle core, it was counted as one cannulation.

Complications included any thrombosis, ischaemia, haema-
toma, tissue swelling, vascular spasm, nerve injury, infection and 
pain within 24 hours after initiation of the procedure.

Outcome assessment
The primary outcome was first- attempt success rates of two 
groups. Secondary outcomes were overall success rates within 
5 min; numbers of insertion and cannulation attempts; overall 
catheterisation time; duration of localisation, insertion and 
cannulation; and complication rates of catheterisation. Cannu-
lation time was analysed by subdividing the successfully cathe-
terised cases based on gender, age, insertion blood pressure and 
body mass index (BMI).

Statistical analysis
We used SPSS V.23.0 for statistical analysis. First- attempt success 
rates, overall success rates, numbers of insertion and cannulation 
attempts, complication rates were compared using the χ2 test or 
Fisher exact test. We performed multivariable logistic regression 
and included groups, ASA- PS, BMI, wrist circumference, medical 
history of diabetes mellitus, hypertension, dyslipidaemia, history 
of arterial puncture, insertion hypotension, arterial depth, 
arterial area as variables to investigate the association between 
baseline factors and first- attempt success rate. Continuous data 
were expressed as mean±SD after normality analysis. Analysis 
of overall catheterisation time; duration of localisation, inser-
tion and cannulation; and subgroup analysis of cannulation time 
were performed applying a two- sample independent t test or 
Mann- Whitney U test. A two- tailed value of p<0.05 was consid-
ered statistically significant.

ReSulTS
One hundred and twenty patients aged 22–83 years old were 
enrolled in the study. No patient drop- out or violation of the 
protocol was observed. There was no significant difference in 
the characteristics between the two groups (table 1).

Table 2 presents the measurements of the radial artery in a 
short- axis out- of- plane image. Depth of the artery was, on 
average, somewhat higher in group N.

Primary and secondary outcomes are presented in table 3. First- 
attempt success rates, overall success rates, numbers of insertion 
and cannulation attempts did not show significant differences 
between the two groups. Multivariable logistic regression anal-
ysis showed that other baseline factors were not associated with 
the primary outcome (online supplemental table S1).

Table 4 illustrates the time for the successful placement of the 
arterial catheter in each group. There was no significant differ-
ence in overall catheterisation time between the two groups. No 
significant difference was noted in time to ultrasound localisa-
tion of the radial artery and insertion between the two groups. 
Cannulation time was 9.49 s longer in group N than in group D 
(p=0.01).

Figure 3 Measurements of the radial artery (A: width, B: height, C: 
depth).

Figure 4 Time segments of ultrasound- guided radial artery cathetersation.

Table 1 Characteristics of patients

Group d Group n

Gender (male/female) 34/26 36/24

Age (years) 59.65±12.26 59.52±12.66

ASA- PS (II/III/IV) 45/15/0 47/12/1

BMI (kg/m2) 22.11±3.49 21.68±3.22

Wrist circumference* (cm) 15.58±1.16 15.46±1.17

History of arterial puncture (%) 10.0 15.0

*Circumference at the radial styloid process perpendicular to the long axis of the 
forearm.
ASA- PS, American Society of Anaesthesiologists Physical Sstatus; BMI, Body Mass 
Index.
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dISCuSSIOn
This randomised study found no significant difference in the 
first- attempt success rate between patients who had arterial 
catheters placed with or without wrist dorsiflexion. A previous 
study using the same technique with the wrist slightly extended 
by placing a towel roll showed a first- pass success rate of 83%,8 
which was similar to the result in this study (88.3%). Without 
dorsiflexion, the first- attempt success rate was 81.7%, which 
was not significantly different from the wrist dorsiflexion group. 
Therefore, it can be implied that with the help of DNTP tech-
nique, wrist dorsiflexion did not make a difference to success 
rates of radial artery catheterisation.

Among the successfully catheterised patients, cannulation 
time was shorter with wrist dorsiflexion. We subdivided these 
cases into different groups based on gender, age, insertion 
blood pressure and BMI. We found that in the elderly patients 
ageing 65 years and above, cannulation time was similar with or 
without wrist dorsiflexion. The possible reason was that radial 
arteries show an age- related acceleration of atherosclerosis and 
atherosclerotic plaques can markedly reduce the distensibility.9 
Dimension of the less distensible artery was not easily affected 
by extrinsic pressure from wrist dorsiflexion. Therefore, cannu-
lation time was not affected by wrist dorsiflexion.

Selvaraj and Buhari performed sonographic measurements of 
radial artery dimensions with wrist extension at different angles 
in 48 young, healthy female subjects, and no statistically signifi-
cant change in the dimension of the radial artery was observed.10 
This finding matched the result of this study, where among 
female patients, radial dimension and cannulation time did not 
show the difference with or without wrist dorsiflexion.

Li et al’s study has proven that ultrasonic technology improved 
radial artery puncture and cannulation in patients who had 
a shock.11 In that study, wrist dorsiflexion was thought to be 
helpful. However, our study showed that wrist dorsiflexion did 
not improve the success rate or shorten cannulation time when 
there was insertion hypotension. Hypotension is usually associ-
ated with peripheral artery constriction or collapse. In this case, 
different wrist angles with or without dorsiflexion have little 
effect on the cross- sectional area or depth of the radial artery. 
Therefore, for patients with insertion hypotension, there seemed 
no necessity to dorsiflex the wrist using DNTP technique.

There are some limitations to this study. We focused on the 
effect of wrist dorsiflexion by using a 5 cm cotton fabric roll. 
The effect of different wrist angles on radial artery catheteri-
sation using DNTP still requires further investigation. The 
groups were similar although the neutral group had a slightly 
greater depth of the radial artery; however, cannulation time was 
similar for both low and high BMI patients. Most of the enrolled 
patients were in relatively good physical status (ASA- PS I and II). 
The result may not be extrapolated to patients with very severe 
medical conditions.

In conclusion, wrist dorsiflexion did not affect first- attempt 
success rate, overall success rate, overall catheterisation time or 
complication rate, but decreased cannulation time of ultrasound- 
guided radial artery catheterisation using DNTP technique in 
adult patients. Wrist dorsiflexion may not be a necessity for 
ultrasound- guided radial artery catheterisation using DNTP 
technique in adult patients.
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