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Modified long-axis in-plan
e ultrasound technique
versus conventional palpation technique for radial
arterial cannulation
A prospective randomized controlled trial
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Jiansheng Su, MMa, Qijian Huang, BMa, Jian Zeng, BMa, Junle Liu, PhDa, Zisong Zhao, MMa,
Ting Yan, MMa, Liangcheng Zhang, MDa,∗, Linying Zhou, PhDc

Abstract
Background: A low first-pass success rate of radial artery cannulation was obtained when using the conventional palpation
technique (C-PT) or conventional ultrasound-guided techniques, we; therefore, evaluate the effect of a modified long-axis in-plane
ultrasound technique (M-LAINUT) in guiding radial artery cannulation in adults.

Methods: We conducted a prospective, randomized and controlled clinical trial of 288 patients undergoing radial artery
cannulation. Patients were randomized 1:1 to M-LAINUT or C-PT group at Fujian Medical University Union Hospital between 2017
and 2018. Radial artery cannulation was performed by 3 anesthesiologists with different experience. The outcome was the first and
total radial artery cannulation success rates, the number of attempts and the cannulation time, and incidence of complications.

Results:Two hundred eighty-five patients were statistically analyzed. The success rate of first attempt was 91.6% in the M-LAINUT
group (n=143) and 57.7% in the C-PT group (n=142; P< .001) (odds ratio, 7.9; 95% confidence interval, 4.0–15.7). The total
success rate (�5minutes and �3 attempts) in the M-LAINUT group was 97.9%, compared to 84.5% in the palpation group
(P< .001) (odds ratio, 8.5; 95% confidence interval, 2.5–29.2). The total cannulation time was shorter and the number of attempts
was fewer in the M-LAINUT group than that in the C-PT group (P< .05). The incidence of hematoma in the C-PT group was 19.7%,
which was significantly higher than the 2.8% in the M-LAINUT group (P< .001).

Conclusions:Modified long-axis in-plane ultrasound-guided radial artery cannulation can increase the first and total radial artery
cannulation success rates, reduce the number of attempts, and shorten the total cannulation time in adults.

Abbreviations: BMI = body mass index, CA = clinical anesthetists, CI = confidence interval, C-PT = the conventional palpation
technique, ICU = intensive care unit, MAP =mean arterial pressure, M-LAINUT =modified long-axis in-plane ultrasound technique,
OR = odds ratio, SD = standardized difference.
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1. Introduction
In the emergency room, intensive care unit (ICU) and operating
room, especially in major operation and critical patients,
arterial blood pressure monitoring is often carried out
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by arterial cannulation to monitor hemodynamic changes
closely.
Radial artery cannulation was traditionally performed by

palpation of radial artery pulsation. Ultrasound-guided techni-
vation Joint Fund Project of China (2017Y9008) and the National Natural Science
esign, collection, data analysis, or approved to submit articles for publication.
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ques have been widely used in various vascular cannulations
because of its visual characteristics and higher success rate of
cannulation compared with traditional palpation.[1–5]

In recent years, an increasing number of studies have shown
that the first success rate of ultrasound-guided radial artery
cannulation is greater than traditional palpation and the success
rate of cannulation is 68% to 100%, which mainly depends on
the technique used, the skill level of the operator, the condition of
the blood vessel, and the definition of successful puncture.[6–8]

Short-axis out-of-plane ultrasound guidance may have short-
comings, such as blurred local imaging, unclear pinpoint
positioning, and a high vascular penetration rate,[9] which make
the first attempt cannulation success rate not very high.[2] In the
long-axis in-plane ultrasound guidance technique, 2 studies
reported ultrasound success rates of 53% and 62%, respective-
ly.[6,10]

Therefore, we designed a prospective, randomized and
controlled clinical research method to evaluate the effect of the
modified long-axis in-plane ultrasound technique (M-LAINUT)
in guiding radial artery cannulation. We hypothesized the M-
LAINUT would have a higher rate of cannulation on the attempt
compared with the conventional palpation technique (C-PT).
2. Methods

Ethical approval for this study was approved by the by the Ethical
Committee for Clinical Investigations, Fujian Medical University
Union Hospital (Chairperson Prof Liangwan Chen, Ethical
Committee 2017YF011-02) onMay 16, 2017 and was registered
at http://www.chictr.org.cn/index.Aspx (number: ChiCTR- IOR-
17011474; Principal investigator: Jiebo Wang, Date of registra-
tion: May 23, 2017).
2.1. Study patients

A written informed consent in the study was obtained from each
of 288 patients between June 1, 2017 and October 27, 2017.
Adult patients with the diameter of the radial artery were not less
than 2.2mm scheduled for elective surgery were included in this
trial. Exclusion criteria were ulnar artery occlusion, history of
Figure 1. The M-LAINUTP approach. (A) The black line on the probe is the center
inserted into the anterior wall of the radial artery, the vascular wall was compresse
image of the needle or cannula in the radial artery was clearly displayed on the u
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forearm surgery, skin infection at the puncture site, abnormal
modified Allen test, and coagulation dysfunction.
Patients were randomized 1:1 to M-LAINUT or the C-PT for

the success rate of the attempt at radial artery cannulation. Before
the study began, all the random numbers were generated by a
computer and placed in sealed envelopes. Study assignment was
concealed until after the decision had been made to radial artery
cannulation and the patient was enrolled in the trial.
2.2. Study interventions

Three anesthesiologists who performed radial artery cannulation
were divided into 3 categories according to the years of clinical
training in anesthesia after graduation from medical college: 1
year (CA1), 3 years (CA3), and 5 years (CA5). At least 15 cases of
radial artery catheterization guided by the M-LAINUT were
performed for each operator before starting the study.
Before the patient was sent to the operating room, the diameter

and depth of the radial artery were measured by a specialist
anesthesiologist who did not perform artery cannulation using
an ultrasound instrument (SonoSite M-Turbo Color Doppler
UltrasoundDiagnostic instrument, Linear Array probe (L25N/13-
6; SonoSite Inc, Bothell, Washington). All radial artery cannula-
tions were performed before or after induction of general
anesthesia according to anesthesiologist’s preference. The specified
technique was then used to place the radial artery catheter using a
20-gauge intravenous catheter (Insyte; Becton Dickinson, Ltd,
Singapore South West Singapore). Towels and ultrasonic probe
covers were provided if modified ultrasound was selected.
In the M-LAINUT group, the wrist joint angle of the patient

was adjusted to 45°. The operator faced the end of the patient’s
arm, and the probe was held in the left hand with the bracket as
the supporting point, then the needle was held with right thumb
and index finger just like pen-holding. After examining the artery
in cross-section, the US probe was rotated 90° to obtain the view
of long axis artery (Fig. 1A). The ultrasonic plane should be
aligned with the long axis of the artery. The imaging mode of the
ultrasound was switched to color Doppler mode to obtain the
arterial blood flow signal. As the probe was slided slowly parallel
to the long axis of artery, more abundant signal of the arterial
line to guide radial artery cannulation. (B) The needle (the white arrow) had been
d, and the blood flow signal was weakened on the ultrasound image. (C) The
ltrasound. M-LAINUTP = modified long-axis in-plane ultrasound technique.
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blood flow could be obtained (Fig. 1B). The needle tip was placed
on the contact point of the center line of probe and the skin, and
then inserted to the skin at an angle of 15° to 40°. The needle
should be always aligned with the center line of the probe during
the procedures of cannulation (Fig. 1A). Once the needle tip
compressed the anterior wall of the radial artery, the collapsed
radial artery and the decrease of blood flow signal could be
shown on the ultrasound image (Fig. 1B). After confirmation of
the needle tip within the lumen of artery on the ultrasound image
and the appearance of the arterial blood in the hub of needle,
keeping continuous clear visualization of needle tip and the
artery, the needle tip bevel was turned toward the posterior wall
of the radial artery,[11] and then advanced approximately 3 to 5
mm. If the blood continued to flow into the hub, the needle was
withdrawn 1 to 2cm out of cannula, then the needle and cannula
were pushed into the blood vessel, at last, the needle was pulled
out (Fig. 1C) and the cannula was connected to the arterial
invasive monitoring system.
In palpation, the operator palpated the radial artery pulse with

the left index and middle fingers. The strongest pulse point was
identified as the puncture point. The needle and cannula were
advanced toward the radial artery at an angle of approximately
15° to 30°. Once blood appeared in the hub, the angle of needle
decreased slightly, and the needle was advanced approximately 3
mm. If blood continued to flow into the hub, the cannula was
pushed into the artery.
2.3. Data collection

The data were collected by other anesthesiologists who were not
associated with the performance of the procedure, including age,
height, body mass index, sex, and history of peripheral vascular
disease. Twenty-four hours and3days after surgerywere the follow-
up times, duringwhich datawere recorded by anesthesiologistswho
were not aware of the grouping. The primary investigators
concurrently assessed the same endpoints for a sample of 10% of
study cannulations to confirm the accuracy of the data.
The primary outcome was the success of the first cannulation

which was defined as the successful insertion of the cannula with
1 skin puncture for the first time and the acquisition of arterial
waveforms. Cannula insertion failure was defined as greater than
3 cannulation attempts for a single arm or an attempted
cannulation time more than 5 minutes.[6]

Secondary outcomes included the cannulation time (seconds),
the number of attempts, complications, and so on. The
cannulation time was defined as the interval between the first
skin penetration and confirmation of the arterial waveform on
the monitor. The number of attempts was defined as the number
of skin perforations caused by the puncture needle.
2.4. Statistical analysis

According to a previous study,[12] the success rate of puncture
was 68% in the palpation group and 92% in the ultrasound
group.With an expected 10% loss rate per group, we calculated a
sample size of 288 patients by the Z-pooled normal approxima-
tion method, and 96 patients would receive radial artery
cannulation from each operator. All the data were processed
by SPSS software (Version 24.0, IBM, New York, NY). The
measured data are expressed as the mean ± standard deviation.
First, normality and variance homogeneity were tested, and the
t test was used for comparisons between groups. If the variance
3

was uneven, the 2-sample rank-sum test was used to compare
groups. The count data were tested by the x2 test. The 95%
confidence intervals (CIs) were calculated by the Woolf method.
A 2-tailed P< .05 was considered statistically significant.
3. Results

3.1. Baseline and procedural characteristics

In this study, 3 patients were excluded, so 285 patients were
randomized into the final analysis. Figure 2 illustrates participant
recruitment and group allocation. Reasons for exclusion included
the reluctance to randomize (M-LAINUT, n=1), the attending
anesthesiologist decided not to insert the cannula into the radial
artery (C-PT, n=1), and the loss of medical records (C-PT, n=1).
There were 10 patients (4 patients in C-PT group and 6 patients in
M-LAINUT group) who were placed artery cannulation after
induction of general anesthesia. General basic characteristics
were similar between the 2 groups (Table 1).

3.2. Primary outcome

Cannulation success rates on the first attempt and total attempts
in the M-LAINUT group were 91.6% and 97.9%, respectively,
which were significantly higher than the 57.7% and 84.5% in the
C-PT group (P< .001, Table 2). The cannula insertion failure
rate in the C-PT group was 15.5%, which was significantly
higher than the 2.1% in the M-LAINUT group (P< .001,
Table 2).
3.3. Secondary outcomes

The total cannulation time of the C-PT group was longer than
that of the M-LAINUT group (Z=�4.08, P< .001, Fig. 3). The
data of total cannulation time were nonnormally distributed and
the variance was uneven, the 2-sample rank-sum test was used for
statistical processing. Our results showed a significant reduction
in the number of attempts required to cannulate the radial artery
with M-LAINUT versus C-PT (mean: 1.11±0.39 vs 1.72±0.89,
P< .001).
The incidence of hematoma in the C-PT group was 19.7%,

which was significantly higher than the 2.8% in the M-LAINUT
group (P< .001, odds ratio [OR], 8.54, 95% CI, 2.9 to 25.0;
Supplemental Table 1, http://links.lww.com/MD/D582). We
found that hematoma caused by puncture was a high-risk factor
for cannulation failure in both groups (P< .001; OR, 118; 95%
CI, 34–405; Supplemental Fig. 1, http://links.lww.com/MD/D583).

3.4. Subgroup analyses

In 3 subgroups (CA1, CA3, CA5), the success rate of the first
attempt in the M-LAINUT group was significantly higher than
that in the C-PT group (a vs a∗, b vs b∗, c vs c∗, P< .001;
Supplemental Fig. 2, http://links.lww.com/MD/D584).
The overall success rate of M-LAINUT in the CA1 and CA3

groups was higher than that in C-PT group, but not significantly
(d vs d∗, e vs e∗, P> .05; Supplemental Fig. 2, http://links.lww.
com/MD/D584). In the CA5 group, the overall success rate ofM-
LAINUT was significantly higher than that of the C-PT group (f
vs f∗, P< .05; Supplemental Fig. 2, http://links.lww.com/MD/
D584).
The first and total success rates of C-PT in the CA5 group were

72.3% and 87.2%, respectively, which were lower than those of

http://links.lww.com/MD/D582
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Figure 2. Flow diagram of patient recruitment and randomization.
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M-LAINUT in the CA1 group (85.1% and 95.7%). However,
there was no statistically significant difference between the 2
groups (c vs a∗, f vs d∗, P> .05; Supplemental Fig. 2, http://links.
lww.com/MD/D584).
In the M-LAINUT group, the first-attempt success rate of CA5

was 97.9%, which was significantly higher than the 85.1% of the
CA1 group (c∗ vs a∗, P< .05; Supplemental Fig. 2, http://links.
lww.com/MD/D584). However, there was no statistically
significant difference in the total cannulation success rate between
the 2 groups (d∗ vs f∗, P> .05; Supplemental Fig. 2, http://links.
lww.com/MD/D584).
In each subgroup, the second and third attempt success rate of

cannulation in the C-PT group was significantly higher than that
in the M-LAINUT group (P< .001, Table 3). We also found that
the C-PT success rate on the second and third attempts in the CA5
group was significantly lower than that of CA1 or CA3
(
∗
P< .001, †P<0.001, Table 3).
4. Discussion

In this study, we found that the use of the M-LAINUT
significantly increased the first and total cannulation success
4

rates, reduced the number of attempts and shortened the total
successful cannulation time compared with the traditional
palpation technique. Moreover, we also found that for the
young anesthesiologists who lacked ultrasound experience, M-
LAINUT significantly improved the total success rate. For an
experienced anesthesiologist, the use of M-LAINUT can improve
the first-attempt success rate. In addition, we found that
hematoma caused by puncture was a high-risk factor for the
failure of cannulation.
Obtaining a long axis view may be challenging since the

thickness of the ultrasonic beam is approximately 1-2mm.
However, after obtaining a short-axis view of the artery, the US
probe was rotated 90°, keeping the arterial image in the center of
the ultrasound screen, which can help to identify and obtain the
long axis view of the radial artery.[13] Color mode can effectively
capture the radial artery blood flow signal, and by analyzing the
intensity of the blood flow signal and the diameter of artery, the
clinician can adjust the ultrasound plane to perfectly align it with
the long axis of the blood vessel.
In our study, the center line of the ultrasonic probe is designed

to guide the needle to align with the ultrasonic plane, which can
increase the visibility of needle and greatly improve the accuracy

http://links.lww.com/MD/D584
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Table 1

Baseline patient characteristics.

Characteristic
C-PT
n=142

M-LAINUT
n=143 P

Mean difference
(95% CI)

Age, yr 61.1±12.3 62.62±11.99 .31 (�1.38 to 4.30)
Inner diameter of left artery, mm 2.34±0.14 2.34±0.13 .65 (�0.38 to 0.24)
Inner diameter of right artery, mm 2.37±0.14 2.36±0.13 .34 (�0.46 to 0.02)
Depth of Left radial artery, mm 2.38±0.35 2.54±0.17 .27 (�0.12 to 0.44)
Depth of right radial artery, mm 2.40±0.36 2.56±0.30 .28 (�0.13 to 0.44)
MAP, mm Hg 101.7±18.1 102.80±18.3 .63 (�3.22 to 5.28)
Heart rate, beats/min 74.6±12.28 73.28±12.01 .36 (�4.16 to 1.51)
BMI, kg/m2 22.99±3.33 22.99±3.28 1.00 (�0.77 to 0.77)

OR (95% CI)
Female 82 (57.7%) 84 (58.7%) .90 1.04 (0.6–1.6)
Left radial artery access 95 (66.9%) 97 (67.8%) .9 0.96 (0.5–1.5)
Medical history
Hypertension 17 (12.0%) 22 (15.4%) .49 0.75 (0.4–1.4)
Coronary disease 4 (2.81%) 4 (2.79%) 1.00 1.00 (0.2–4.1)
Diabetes mellitus 9 (6.3%) 9 (6.29%) 1.00 1.00 (0.39–2.6)
Peripheral vascular disease 5 (3.52%) 6 (4.19%) 1.00 0.83 (0.25–2.7)

BMI >30 kg/m2 6 (4.22%) 7 (4.89%) 1.00 0.86 (0.28–2.6)
Types of surgery
Resection of lung tumor 102 (71.83%) 103 (72.02%) 1.00 0.99 (0.59–1.6)
Urinary surgery 22 (15.5%) 20 (13.98%) .74 1.13 (0.58–2.1)
Others 18 (12.67%) 20 (13.98%) .86 0.89 (0.4–1.7)

Peripheral vascular disease: any disease or disorder of the circulatory system outside of the brain and heart, including DVT, PE, and many more.
BMI=body mass index, CI= confidence interval, C-PT= conventional palpation technique, MAP=mean arterial pressure, M-LAINUT=modified long-axis in-plane ultrasound technique, OR= odds ratio.

Table 2

Comparison of the success rate of puncture between the 2 groups.

Number attempts (<5 min)

C-PT
(N=142)
n (%)

M-LAINUT
(N=143)
n (%) P OR 95% CI

1
∗

82 (57.7) 131 (91.6) <.001 7.9 4.0–15.7
2 18 (12.7) 8 (4.4)
3 20 (14.1) 1 (0.7)
Total success rate

∗
120 (84.5) 140 (97.9) <.001 8.5 2.5–29.2

Rate of insertion failure† 22 (15.5) 3 (2.1) <.001 0.1 0.03–0.4

CI= confidence interval, C-PT=conventional palpation technique, M-LAINUT=modified long-axis in-plane ultrasound technique, OR= odds ratio.
∗
P-values and 95% CIs are calculated from the x2 test.

† P-values and 95% CIs are calculated from Fisher exact test.
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of puncture. The use of the special puncture posture and needle-
holding mode could facilitate alignment of the needle with the
center line of probe. The wrist joint angle of the patient was
adjusted to 45°, which maximizes the radial artery height and
decreases the distance between the radial artery and skin
significantly.[14] The results also confirm that the M-LAINUT
improved the success rates of the first and total cannulation,
reduced the failure rate.
In our study, second and third puncture attempts may result in

hematoma (the incidence of hematoma was higher in the C-PT
group) and increase the difficulty of subsequent cannulation,
which may lead to the longer total cannulation time in the C-PT
group. Several outliers of cannulation time in the M-LAINUT
group may have been related to the long-time abnormalities
caused by 2 or 3 consecutive punctures.
For CA1 and CA3, the second and third attempt cannulation

success rate of the C-PT group was higher than that of the M-
LAINUT group. To some extent, the second to third attempt
success rate of C-PT compensated for the deficiency in the first
5

cannulation success rate, which may have caused the small
difference in the total cannulation success rate between the 2
groups. However, in the C-PT group, the success rate of the
second and third cannulations in the CA5 group was significantly
lower than that of CA1 and CA3, which may be the reason why
the total success rate of M-LAINUT in the CA5 group was higher
than that of C-PT group.
Regarding the learning curve of ultrasound-guided and

operator experience playing an important role in successful
cannulation,[15,16] we limited the participants to 3 anesthesiol-
ogists with varying levels of experience. Despite the first-pass rate
of ultrasound-guided radial artery cannulation was higher than
that of palpation approach,[17,18] it was still a low rate, ranging
from 51% to 76%[6,13,16,19,20] and multiple attempts may cause
serious complications, including vasospasm, hematoma.[21,22]

The M-LAINUT can increase the first attempt success rate to
more than 90%.
It has been reported that compared with the palpation

technique, ultrasound guidance improved the first and total

http://www.md-journal.com


Figure 3. Total cannulation time in the 2 groups.

Table 3

Comparison of the rate of success on the second and third attempts combined.

Subgroup
C-PT

n/N (%)
M-LAINUT
n/N (%) P OR 95% CI

CA1 15/47 (31.9)
∗

5/47 (10.63) <.001 0.06 0.02–0.17
CA3 16/48 (33.3) † 3/48 (6.25) <.001 0.03 0.01–0.12
CA5 7/47 (14.9) 1/48 (2.1) <.001 0.004 0.0001–0.03
Total 38/142 (26.76) 9/143 (6.3) <.001 0.03 0.01–0.05

CA, clinical anesthetists, who are divided into 3 categories according to the year of clinical training in anesthesia after graduation from medical college: 1 year (CA1), 3 years (CA3), 5 years (CA5).
P-values and ORs (95% CIs) are calculated from Fisher exact test.
CA = clinical anesthetists, CI= confidence interval, C-PT= conventional palpation technique, M-LAINUT=modified long-axis in-plane ultrasound technique, OR= odds ratio.
∗
P< .001.

† P< .001.
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success rates of radial artery cannulation, shortened the
cannulation time,[3,23] and reduced the incidence of complica-
tions[24] which is in concordance with the results of our study.
However, a meta-analysis[18,25] found that ultrasound guidance
did not increase the total success rate of radial artery cannulation,
which is inconsistent with our findings, the reason for which may
be related to the different ultrasound technology, patients
population, operators experience.
A study[13] using modified short-axis out-of-plane ultrasound

to guide radial artery cannulation showed that the success rate of
the first cannulation was 88.9%, which was similar to that in our
study (91.6%), but the total success rate (100%) was higher than
that in our study (97.9%). The reason could be that, in addition
to the different ultrasound guidance techniques used, the
operators were different: an experienced anesthesiologist had
used the ultrasound-guided technique for approximately 200
procedures. Our study involved 3 anesthesiologists with different
clinical experience who underwent short-term training of
ultrasound-guided artery cannulation.
6

The technique of ultrasound-guided dynamic needle tip
positioning has significantly improved the success rate of radial
artery catheterization.[7,8,24] Another study[21] using ultrasound-
guided dynamic tip localization for radial artery cannulation
showed that the average diameter of the radial artery was 2.8mm,
with a first success rate of 83% and a total success rate of 89.3%,
which was inconsistent with our study. This may be related to the
number of operators and the different training and experience of
the operators; 41 residents and faculty members performed radial
artery cannulation, which may have reduced the success rate.
Research shows[6] that inexperience may have prevented

trainees from realizing the full benefit of ultrasound, the effect of
which was greatest for the most experienced trainees, which is
consistent with our study.
Quanet al[13] observedan incidenceofhematoma in theultrasound

group of 14.8%, which is higher than the M-LAINUT group in our
study. One possible reason is that the long-axis plane ultrasound in
this study may have improved the visibility of the puncture tip,[19]

which reduced thedamage to the radial arterycausedby theneedle.[26]
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After familiarity with the use of the US-guided approach, we
presume that the M-LAINUT can be easily extrapolated to
central venous cannulation, nerve block anesthesia in all the area
of clinical settings, including ICUs and operating rooms.[27]
4.1. Limitation section

It may be more suitable for cases of difficult cannulation of the
radial artery, considering that the ultrasound technique may
increase the cost to the patient. For some patients with high-risk
factors for difficult cannulation of radial artery, such as artery
diameter less than 2.2mm, critically ill children,[28] infants,[29] it
is not clear whether this technique has advantages over
traditional ultrasound and palpation techniques. Three anes-
thesiologists in the CA1, CA3, and CA5 groups were involved in
the study, so the Hawthorne effect could not be completely
excluded. To further evaluate the advantage of the M-LAINUT,
future study is needed regarding difficult case, multicenter
randomized controlled trial, and comparing with short-axis
ultrasonography and the Seldinger technique.[30]
5. Conclusion

In conclusion, the modified long-axis in-plane ultrasound
technique, when performed by operators with different experi-
ences, demonstrates some clinical advantages for radial artery
cannulation in adults, with a higher success rate of cannulation,
fewer attempts and less time.
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