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SUMMARY

Background: Arterial cannulation is commonly done for invasive blood pressure
measurement and frequent blood sampling. The most frequent challenge in arterial
cannulation is threading the cannula inside the artery without puncturing the posterior wall.
This can be accomplished using dynamic needle tip positioning technique by visualising the
needle's tip through the course and guiding it. Another challenge in USG-guided cannulation
is puncturing the artery while it is visible on the screen. This can be made simple by the
acoustic shadowing technique, in which the needle is inserted between the shadows where the
artery is made to lie between them. These methods are considered more effective than
conventional palpation methods, with a higher rate of successful cannulation and fewer
complications. In this study, the dynamic needle and the acoustic shadowing techniques are

compared with the traditional palpation method for radial artery cannulation in adult patients.

Material and Methods: In this trial, 180 patients older than 18 years requiring arterial
cannulation were randomised by a computer-generated method into 3 groups [Traditional
palpation (TP), Dynamic needle tip positioning (DNTP) and acoustic shadow technique
(AST)]. All the cannulations were performed by experienced anaesthetist who had performed
more than 30 arterial cannulations both by palpation and ultrasound guided techniques. The
primary outcome of the present study was the success rate of arterial cannulation in the first
attempt. The secondary outcomes were total number of attempts in 5 minutes, time taken to
cannulate artery, number of cannulas used, and complications related to the procedure

(hematoma, bleeding, thrombosis etc.).

Results: The first attempt success rate among TP, DNTP and AST were 66.7%,66.7% and
71.7%, respectively, (p=0.794). The median time [IQR] taken for cannulation was 60.5 [37.0,
129.5] sec, 71.0 [50.0, 170.0] sec and 108.0[58.0, 181.0] sec, respectively, (p= 0.066) and the
median number of cannulation attempts was 1, in all the three groups (p= 0.773). There was
also no difference in the total number of cannulas used, overall success rate of cannulation

and complications related to procedure in the three groups.

Conclusion: For, radial artery cannulation by TP, DNTP, and AST technique, there is no
significant difference in first attempt success rate, the time taken for cannulation, the number

of cannulas used and overall complications during cannulation. Hence USG guided

Vi



techniques, DNTP and AST, do not show any additional benefits over TP method for radial

artery cannulation by experienced anaesthetist in adult patients.

vii



INTRODUCTION

The American Society of anaesthesiologists(ASA) recommends that blood pressure
monitoring should be one of the standard monitoring during anaesthesia (1,2). By measuring
blood pressure, one can assess the hemodynamic stability of the patient(3); hence blood

pressure monitoring is vital.

Blood pressure (BP) monitoring can be done by various methods, broadly classified into non-
invasive and invasive BP monitoring. For, non-invasive BP monitoring, there are the
palpation method, auscultatory method, and oscillatory method(4), and in the invasive BP

monitoring , it is mainly done by cannulation of an artery.

The invasive method, i.e. arterial BP monitoring, gives the beat-to-beat reading. Therefore,
invasive BP monitoring is superior to non-invasive for accuracy(5). Arterial cannulation is
frequently carried out for the purpose of invasive arterial pressure monitoring and arterial
blood gas analysis. It is utilised to direct the treatment of patients who are experiencing

respiratory distress, shock, acid-base discrepancy, or electrolyte disturbance.

The most common artery used for cannulation is the radial artery because its easily palpable
and with decreased risk of infection (6). Usually, the radial artery is cannulated utilising

anatomical landmarks and palpation of the radial pulse.

Cannulation of the radial artery is challenging, mainly in a patient with shock with a feeble
pulse, children with smaller diameter arteries and in old age with atherosclerosis. Multiple
cannulation attempts may result in arterial hematoma, thrombosis, embolus formation,
gangrene, and ischemia of the distal part of the hand (1,7,8). Moreover, for successful use of
this technique, one needs experience. There have been several studies showing that
ultrasound-guided cannulation of the radial artery has a higher success rate than palpation

method (9).

Even though the ultrasound-guided method has improved puncture success, it still largely
depends on the ultrasound operator's skill. The main reason for this is because ultrasonic
imaging is two-dimensional. In order to overcome this limitation of ultrasound, the operator
must acquire excellent hand-eye coordination and technical expertise. Therefore, a novel
approach using two lines on the ultrasound probe (acoustic shadowing technique) was

devised to address this limitation of ultrasound (10-12).



During cannulation, the short-axis ultrasound approach allows for the visualisation of key
structures, including vessels and nerves. The long-axis approach gives good visualisation of
the needle's position as it approaches and enters the artery, hence enhancing the success rate
of cannula insertion. Dynamic needle tip positioning is a modified ultrasonic approach that
resulted in a higher catheterization success than the long-axis in-plane view (13,14). It

combines the benefits of short-axis out-of-plane and long-axis in-plane ultrasonic approaches.

To our knowledge, no study has been done to compare radial artery cannulation using the
acoustic shadowing technique and dynamic needle tip positioning technique with palpation
method with respect to success rate, and time for arterial cannulation. Therefore, in this
research, we intend to compare these two ultrasound-guided techniques of radial arterial

cannulation with palpation method in adult patients.



AIMS AND OBJECTIVES

Aim

To compare ultrasound guided dynamic needle tip positioning technique, Acoustic
Shadowing Technique and Palpation technique for Radial Arterial Cannulation.

Outcomes

Primary

The success rate of arterial cannulation in the first attempt

Secondary

Total number of attempts in 5 minutes

Time taken to cannulation of radial artery

Number of cannulas used

Complications related to the procedure (hematoma, spasm, bleeding, thrombosis)
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REVIEW OF LITERATURE

Cheryl Peters et al., in their study of ultrasound guidance versus direct palpation for
radial artery catheterisation by expert operators among Canadian cardiac
anaesthesiologists, showed that there were no differences between the TP (n = 62) vs US-
guided (n = 63) groups in median time to cannula placement USG 104 [76-212] sec vs
DP 104 [68— 270] sec with a p-value of 0.66, the number of re-directs USG 2 [0-6] vs
DP 3 [1-5] with a P value of 0.82, or the number of attempts USG 1 [1-2] vs DP 1 [1-2]
with a P value of 0.08. The first-attempt success rate was 56.4% in the DP group and
71.4 % in the US group, with a P value of 0.10. Failure and hematoma rates in the DP
group were 21.0% and 22.6%, respectively, compared with 12.7% and 11.1% in the US
group (P = 0.24 and 0.10, respectively). It showed that among experienced cardiac
anaesthesiologists, the use of USG to facilitate radial arterial cannulation did not affect
insertion times, the number of redirects or the number of attempts compared with
palpation method (15).

Kiberenge et al., in their study on 260 patients, found the first-pass success rate was 83%
in the DNTP group (n = 132) and 48% in the palpation group (n = 128) with a P value of
< .001. The overall 5-minute success rate was 89% in the dynamic needle tip positioning
technique group compared to 65% in the palpation group, with a P value of 0.001. The
number of skin puncture attempts was significantly more in the palpation group, with P <
0.001. The median cannulation times were 81.5 (61-122) sec in the DNTP and 76 (48—
175) sec in the palpation group (P=0.7)(13).

Liu et al., their study of modified dynamic needle tip positioning withs short-axis, out-of-
plane, ultrasound-guided radial artery cannulation in neonates, enrolled 60 term neonates.
They found that the success rates of the first attempt in the ultrasound and palpation
groups were 40% (n = 30) and 10% (n = 30), respectively, with a P value of 0.007. The
success rate was 96.7% in the ultrasound group and 60.0% in the palpation group, with a
P value of 0.001. The average time to accomplish radial artery cannulation in the
ultrasound and palpation groups was 91.4 = 55.4 and 284.7 + 153.6 seconds, respectively,
with P <0.001. In addition, 3.3% of the patients in the ultrasound group and 26.7% in the
palpation group suffered puncture hematoma with a p-value of 0.026. They concluded
that modified dynamic needle tip positioning short-axis, out-of-plane, ultrasound-guided

radial artery cannulation in neonates improved the first-attempt and total success rates and



decreases the total procedural time and incidence of cannulation-related

complications(16).

. S Bhattacharjee er al., in a meta-analysis including 1895 patients, found that overall

radial artery cannulation success rate was similar between ultrasound-guided technique
and digital palpation with p value 0.05. Ultrasound-guided radial artery cannulation was
associated with a higher first-attempt success rate than digital palpation, with a p-value <
0.001. In their study, no difference was seen in time to radial artery cannulation with a
p-value of 0.30 and mean the number of attempts with a p-value of 0.06 between USG

guided technique and with palpation technique(9).

. Homam Moussa Pacha et al., in a systemic review of 12 randomised controlled trials in

the adult population found that ultrasound-guided radial artery cannulation was associated
with increased first-attempt success rate and decreased failure rate. There were no
significant differences in the risk of hematoma, the mean time to the first successful
attempt or any successful attempt between both groups. In their study, the ultrasound-
guided technique for radial artery cannulation had higher first-attempt success and lower
failure rate than palpation alone, with no significant differences in access site hematoma

or time to a successful attempt(17).

. ZheFeng Quan et al., in their study on acoustic shadowing facilitation of radial artery

cannulation under ultrasound guidance in young children, found that the success rate of
cannulation on the first attempt was higher AST group (35 out of 39 [90%]) than the
traditional ultrasound group (24 out of 40 [60%]) with a P value of 0.002. The ultrasound
localisation time and puncture time were significantly less in the AST group than in the
traditional ultrasound group, with localisation time AST 6 [5, 8] vs TUSG 18 [15, 21]
seconds; puncture time AST 24 [15, 41] vs TUSG 40 [23, 56] seconds. It was concluded
that acoustic shadowing through dual lines significantly improved the success rate of

radial artery cannulation in young children (11).

. Levin et al. conducted a study for radial artery cannulation in 69 patients and randomised

between ultrasound group (34 patients) or palpation technique group (35 patients). The
time from skin puncture to successful arterial catheterisation, time taken for cannulation,
the number of attempts required, and the number of cannulas used was recorded for each
group. Arterial cannulas were introduced on the first attempt in 21 cases (62%) by
ultrasound method compared with 12 cases (34%) by palpation method (p = 0.03). The

ultrasound group reduced the overall cannulation time (55.5 + 63.8 vs 111.5 + 121.5 s, p
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= 0.17). They concluded that ultrasound is a valuable adjunct to arterial cannulation and
increased the success rate of the first attempt(18).

Lynn Zaremski et al. conducted a study of palpation versus an ultrasound-guided
approach for radial artery cannulation. They found that the success rate of initial radial
catheterisation USG 87% vs TP 86.8 % (P = 0.999) and cannulation time USG 47 s [IQR,
20-90 s] vs TP 31 s [IQR, 20-75 s] (P = 0.179) were not significantly different between
the ultrasound and palpation groups respectively. Pulse quality (none, weak, strong) was
independently associated with access error in both groups (P < 0.001). Obesity was
associated with access failure in the palpation group (P = 0.005) but not in the ultrasound
group (P = 0.544). They concluded that the ultrasound-guided radial approach does not
appear to provide any significant additional benefit over the palpation-guided approach
alone (19).

O’Horo et al. conducted a meta-analysis of 49 studies, including 30,841 arterial catheters
as a source of infection in the blood and found that prevalence was significantly higher in
the subset of studies. Studies reported cultures of all catheters (1.26/1000 days of
catheterisation) compared with studies that only cultured when arterial catheters were
suspected as the source of catheter-related bloodstream infections (0.70/1000 days of
catheterisation). Pooled data also showed a significantly increased risk of infection at the
various arterial catheterisation site compared with the radial artery catheterisation site
(p=0.001). It is concluded that arterial catheters are an underappreciated cause of catheter-
associated bacteraemia. Choosing the radial artery instead of the femoral artery reduces
the risk of catheter-associated blood infections(20).

Soo Yeon Kime et al., their study of ultrasound-guided DNTP technique for radial artery
cannulation in elderly patients found that the success rates on the first attempt were
85.9% and 72.3% in DNTP and TP, respectively (P<0.001) and the overall success rates
were 99.2% and 93.0% in DNTP and TP, respectively (p=0. 01). In their study, the
number of attempts were 1(1,1) and 1(1,3), in DNTP and TP respectively with a P value
of <0.001. Cannulation time for successful attempts was 42 (32.55) sec in the DNTP
group and 53 (36.78) sec in the palpation group (P < 0.001). The incidence of hematoma
was significantly lower in the DNTP group (7%) compared with TP group (24.2%) (P <
0.001). Furthermore, it was concluded that ultrasound-guided radial artery cannulation
with DNTP improves radial artery cannulation in elderly patients by increasing the

success rate while minimising complications(14).
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12.

QiZou et al. conducted a study on single and double developing lines for ultrasound-
guided radial artery cannulation in obese patients and found that in the single or dual line
development group, the success rate of radial artery catheterisation at the first attempt was
higher than in the control group (control vs single vs dual, 71% vs 90% vs with 91%,
P=0.001). In addition, the single and dual lines had a shorter time to the successful
procedure on the first attempt and a lower overall rate of complications i. e. vascular
spasm and hematoma, compared with the control group (procedure time: control vs single
vs double, 63 sec vs 54 s vs 40 s, P< 0.001). They concluded that single- and dual lines
improved the first trial success rates and reduced complication rates of ultrasound-guided
radial artery cannulation in obese patients(12).

Rui Dong et al. conducted a study on the application of the acoustic shadowing for radial
artery puncture and cannulation teaching in standardised training for residents. They
noted the success rate for radial artery puncture at the first attempt in the AST group was
78.43%. It was significantly higher than the traditional ultrasound-guided group, 58.00%
(p=0.027). The ultrasonic positioning time and cannulation time in the AST teaching
group were significantly shorter than that of the traditional ultrasound-guided group
(p=0.012) respectively. However, no significant differences were observed in the
incidence of local hematomas and teaching satisfaction scores between the two

groups(10).



METHODOLOGY

Study Setting

Patients in the study group were intervened for radial arterial cannulation in the operation
theatre at AIIMS JODHPUR, Rajasthan. This study was submitted to the Clinical Trials
Registry of India (with the clinical trial number of CTRI/2021/08/036059) after receiving
clearance from the Institutional Ethics Committee of AIIMS JODHPUR with letter no.
AIIMS/IEC/2021/3292 on March 12, 2021.

Study Design: Randomised control trial
Study participants:
Inclusion criteria

Adult patients, more than 18 years, undergoing major surgeries where an arterial line was

required for continuous BP monitoring or arterial blood sampling.
Exclusion criteria:

e Signs of an infection on the skin or the presence of a wound close to the puncture site
¢ Circulation abnormalities of the hand (Allen's test positive)
e Patients who were not willing to give consent for the study

e Patients with shock/ hemodynamically unstable patients

Methodology

Patients were randomised into three groups using a web-based randomization tool

(www.randomizer.org).

Group TP: Palpation technique

Group DNTP: Dynamic needle tip positioning technique
Group AST: Acoustic shadowing technique
Interventions

Patients submitted their informed consent in writing before participating in the study.
Following enrolment, patients were given a random assignment to one of 3 groups (Group

TP, DNTP and AST). The group identification slip was put in a prenumbered, packed, and

8



dark-colored envelope so the group's identity could remain concealed. Immediately before
the radial artery cannulation, the sealed envelopes were opened to determine the group
allocation. This was carried out utilizing a predetermined protocol after the onset of general

anesthesia.

The patient’s arm was abducted, and the wrist was extended by placing a towel roll
under the wrist. Under aseptic precaution, the radial artery was cannulated according to group
allocation using a 20 G arterial cannula (Becton Dickinson, Sandy, Utah, USA) by either of

the 3 techniques.
Techniques of arterial cannulation

Group TP=Traditional palpation technique [TP]: The radial arterial pulse was palpated by
the operator using their non-dominant hand. The needle and cannula were progressed at a 15°
to 30° angle toward the radial artery until a flashback of blood was noticed in the needle hub.
When blood began to appear in the hub, the needle angle was gently reduced, and the arterial

cannula was advanced.

Fig:1 Traditional palpation technique



Group AST=Acoustic shadowing technique [AST]: The x-ray-detectable surgical gauze
was used to extract the metal-containing strand, which was then positioned parallel to one
another on the ultrasound probe. The ultrasound image of these radio-opaque strands
provided acoustic shadow as a cannulation guide. After this, the USG probe was used to
visualise the radial artery. The probe was placed in such a way that the radial artery was
located between these shadows. The needle was then entered at a 30° angle to the skin along
the edge of the probe, in between two strands on the probe. Once the needle was inserted into
the radial artery, the angle of the needle was lowered from 30° to 15° and the needle was
gently pushed forward for 1 to 2 mm after withdrawing the needle a few millimetres into the

cannula. Following this, the cannula was entirely inserted into the radial artery (11).

Fig 2: Acoustic shadowing technique, left upper quadrant showing usg probe with blue colour radio opaque
thread over it, and corresponding usg image in right upper quadrant with brown arrow showing Acoustic

shadow created using radio opaque threads, green arrow showing artery.

Group DNTP= Dynamic needle tip positioning technique [DNTP]: After acquiring a
short-axis, out-of-plane image of the radial artery, the needle and cannula were inserted at an
angle of 30° to 40° into the skin until the hyperechoic needle tip was seen on the ultrasound
imaging. The ultrasound probe was then positioned proximally across the arm, away from the

needle insertion site, until the needle tip disappeared from the ultrasound imaging. The

10



needle and cannula were advanced a few millimetres until the ultrasound scan once again
revealed the needle tip. At this time, the approach angle was reduced such that the needle tip
remained in the centre of the arterial lumen. Within the arterial lumen, the needle and cannula
were incrementally advanced for at least 1 cm. The cannula was then threaded on to the

needle(13).

T

Fig 3: Dynamic needle tip technique

In group DNTP and AST, radial artery was cannulated using a linear probe of an ultrasound
machine (GE Venue GO R3, GE Healthcare, WI, USA). All arterial cannulations were
performed by experienced anaesthetists who had performed more than 30 arterial
cannulations by both by palpation method and ultrasound techniques. An anaesthetist who

was unaware of group allocation gathered primary and secondary outcome data for this study.

Start time: Beginning of ultrasound scanning in group DNTP/AST group and palpation of

the patient’s wrist in group TP.

End Time: When a free arterial flow in the cannula was seen.

11



Technique Failure: If, after 5 minutes, the targeted radial artery had not been cannulated, it

was considered as failure and the operator was free to use any technique.

12



STATISTICAL ANALYSIS
Statistical analysis

e Sample size: QUAN ZF(11) found that acoustic shadowing technique of arterial
cannulation had a first attempt cannulation success at 90% compared to 60% in the
control group. Using this for calculation, we estimated a sample size of 60 per
group, with 80% power, 95% confidence level (adjusted for three groups) and 20%

contingency.

¢ The total number of patients recruited were 180.

e Data was entered and analysed using SPSS IBM software version 22 (IBM SPSS
Advanced Statistics, Chicago, IL, USA).

e In our study, we used the chi-square test to evaluate nominal data such as gender
distribution, first attempt success rate, and number of cannulas changed that are
presented as frequency and percentages. The Freeman-Halton extension of the Fisher
exact probability test was used to compare the nominal data, which were provided in
terms of frequency and percentages for the overall success rate and overall

complications.

e The Shapiro Wilk test revealed that age distribution, total cannulation time, and total
cannulation attempts, did not follow normal distribution as a result, these are
presented as median and IQR [interquartile range] derived and compared using the

Mann Whitney U test.

e A p-value of less than 0.05 was regarded as statistically significant.

13



RESULTS

This study was conducted in the department of Anaesthesiology and Critical Care at the All
India Institute of Medical Sciences, Jodhpur between January 2021 and July 2022. Based on
the requirement for arterial cannulation, 180 patients (60 in each group) participated in this

study.

Fig 4: CONSORT Diagram

Accessed for eligibility

[n=180]
l Excluded [n=0]

Randomised [n=180]

Allocation

Traditional palpation Dynamic Needle Tip Acoustic Shadowing
[TP] positioning [DNTP] [AST]
(n=60) (n=60) (n=60)
Follow up l l l
Lost to follow up[n=0] Lost to follow up[n=0] Lost to follow up[n=0]
Discontinuation[n=0] Discontinuation[n=0] Discontinuation[n=0]
Analysed [n=60] Analysed [n=60] Analysed [n=60]
Excluded from the Excludedl from the Excluded' from the
analysis [n=0] analysis [n=0]

analysis [n=0]
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Table 1: Comparison of Age distribution among the three groups.

Groups
Dynamic needle positioning
Traditional palpation technique Acoustic shadowing technique
Median Q1 Q3 Median Q1 Q3 Median Ql Q3
Age
515 415 64.0 475 36 60.0 50.5 405 60.5
(years)

The above table shows the comparison of the distribution of age among the three groups. The
p-values is 0.466, calculated using Mann Whitney U test, which is statistically insignificant,

1.e. age is comparable among the three groups.

Figure 5: Comparison of Age distribution among the three groups.
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Table 2: Comparison of gender distribution among the three groups

Gender Distribution
Groups
Traditional Dynamic needle tip
palpation positioning Acoustic shadowing [Total
SEX|Female/Count [36 37 36 109
% 60.0% 61.7% 60.0% 60.55%
Male (Count P24 23 24 71
% 40.0% 38.3% 40.0% 39.55%
Total Count 60 60 60 180
% 100.0% 100.0% 100.0% 100.0%

The above table shows the sex distribution among the groups. The p-value was calculated

using the Chi-square test (p=0.977) and is statistically insignificant.

Figure 6: Comparison of gender distribution among the three groups.
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Table 3: Comparison of the first attempt success rate of radial artery cannulation between

three groups.

Groups
Traditional
Dynamic needle tip | Acoustic shadowing
palpation
P
c Column c Column c Column
ount ount ount
N% N% N% Yalne
Total First attempt 40 66.7% 40 66.7% 43 71.7%
number of 0.794
More than one
attempts 20 33.3% 20 33.3% 17 28.3%

The above table shows the comparison of the number of attempts for radial artery cannulation

using three techniques. The p-value was calculated using the Chi-square test (p= 0.794). It

was statistically insignificant, i.e., all three techniques were comparable for the first attempt

success rate of radial artery cannulation.

Figure 7: Comparison of the first attempt success rate of RA cannulation between three

groups.
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Table 4: Comparison of the total number of attempts for radial artery cannulation between

three groups.

Groups
Dynamic needle tip Acoustic shadowing
Traditional palpation
positioning technique
One attempt 40 40 43
Two
16 15 14
attempts
TOTAL
NUMBER Three
1 3 0
OF attempts
ATTEMP
Four
TS 1 1 2
attempts
Five
2 1 1
attempts

The above table shows the total number of attempts taken for cannulation among the three

groups.

Figure 8: Comparison of the total number of attempts for radial artery cannulation between

three groups
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Table 5: Comparison of the median number of attempts taken for radial artery cannulation

between three groups

Groups
Dynamic needle tip Acoustic shadowing
Traditional palpation
positioning technique

Median| Q1 | Q3 |Median] QI | Q3 |[Median| Q1 | Q3

MEDIAN NUMBER OF
ATTEMPTS

1.0 1.0 2.0 1.0 1.0 20 1.0 1.0 2.0

The above table shows the median number of attempts taken for successful cannulation
among the three groups; by Mann Whitney U Test, the p-value is 0.773, which is statistically
insignificant.

Figure 9: Comparison of the median number of attempts for radial artery cannulation between
three groups.
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Table 6: Comparison of the time taken for radial artery cannulation between three groups.

Groups

Traditional Palpation

Dynamic needle tip

Acoustic shadowing

technique technique
Median Q1 Q3 | Median | QI Q3 | Median | QI Q3
Time for
cinnolation 60.5 37.0 1295 71.0 |[50.0|170.0 | 108.0 |58.0| 181.0
(Seconds)

The above table shows the comparison of the time taken for cannulation. The median time for

radial artery cannulation was statistically insignificant, with a p-value of 0.066 using the

Mann-Whitney U Test.

Figure 10: Comparison of the time for radial artery cannulation between three groups.
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Table 7: Comparison of the Success rate of for radial artery cannulation, at 5 min between

three groups

SUCCESS/FAILURE AT 5 MINUTES
Groups
Total
TP DNTP AST
N 3 1 2 6
FAILURE
SUCCESS/FAILU % 5.0% 1.7% 3.3% 3.3%
RE N 57 59 58 174
SUCCESS
% 95.0% 98.3% 96.7% 96.7%
N 60 60 60 180
Total
% 100.0% 100.0% 100.0% 100.0%

The above table shows the data comparing the overall success/failure rate among the three
groups at 5 min. With p value 0.789 using Fisher exact probability test and the Freeman-

Halton extension, it shows that it is statistically insignificant.

Figure 11: Comparison of the Success rate of radial artery cannulation, at 5 min between

three groups
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Table 8: Comparison of the total number of cannulas used for radial artery cannulation

between three groups.

Groups
Acoustic
Traditional Dynamic needle tip
oot . shadowing
alpation technique
pap ) technique P
n % n % n % Value
The total 0 51 85% 53 88.33% 50 83.33%
number of
1 8 13.33% 6 10% 8 13.33% 0915
cannulas
changed 2 1 1.66% 1 1.6% 2 3.33%

The above data shows the number of arterial cannulas used while cannulation using the three
techniques. The number of cannulas used was comparable between the three techniques. The
p-value was calculated using the Chi-square test (p=0.915) and is statistically insignificant,

1.e., all three techniques were comparable for the number of cannulas used.

Figure 12: Comparison of the total number of cannulas used for radial artery cannulation

between three groups.

Total number of cannula used

©

)

£ 100%

£ 95%

o 90%

S 85%

S 80%

& 75%

« traditional  dynamic needletip acoustic
= palpation shadowing
o

g m2 1 2

c m1 8 6 8

k]

® mo 50 53 50

22



Table 9: Comparison of complications during radial artery cannulation between 3 groups

Groups
Dynamic needle tip Acoustic shadowing
Traditional palpation
technique technique
n % n % n %
Hematoma 2 3.33% 0 0.0% 0 0.0%
Spasm 1 1.7 % 1 1.7% 1 1.7%
Complicati Hematoma
0 0.0% 0 0.0% 1 1.7%
ons and spasm
None 57 95% 59 98.3% 58 96.7%

The above data shows the complications that occurred while radial artery cannulation using

the three techniques.

Figure 13: Comparison of complications during radial artery cannulation between three

groups
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Table 10: Comparison of overall complications during radial artery cannulation between

three groups

Groups
Traditional Dynamic needle Acoustic osal
shadow
palpation tip position )
technique

n 3 1 2 6
Yes

% 5.0% 1.7% 3.3% 3.3%

COMPLICATIONS

n 57 59 58 174
No

% 95% 98.3% 96.7% 96.7%

n 60 60 60 180

Total
% 100.0% 100.0% 100.0% 100.0%

The above table shows the comparison of overall complications during radial arterial

cannulation among the three groups. With p value 0.789 using Fisher exact probability test

and Freeman-Halton extension, it indicates statistically insignificance between the 3 groups.

Figure 14: Comparison of overall complications during radial artery cannulation between 3

groups.
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DISCUSSION

There are different methods of arterial cannulation, all of which have their advantages
and disadvantages in terms of first attempt success rate, time for cannulation and
complications. The common problem in arterial cannulation is the insertion of the cannula
through the artery after puncturing because, most of the time, there can be posterior wall
puncture, and the cannula tip can pass through the posterior wall. So, the posterior wall
puncture can be avoided by USG guided dynamic needle tip positioning technique, where one
can visualise the needle tip through the USG and making sure that the tip is inside the artery
and not puncturing the posterior wall and the cannula is advanced with the USG making sure

the tip is inside the arteria lumen throughout the cannulation time(13,14,16).

The dynamic needle tip technique helps prevent posterior wall puncturing and helps
thread the cannula easily(13,14), but a less experienced or trained person with USG may have
difficulty in puncturing the artery using USG due to less orientation. This can be achieved by
making guide, i.e. acoustic shadows (10,11), which can be created by radio-opaque threads,
so that the observer can puncture between the threads after making sure that artery lies

between the acoustic shadows.

In the present study, we compared the traditional palpation technique and two new
USG techniques, i.e. dynamic needle tip technique and acoustic shading technique for
cannulation of the radial artery, most commonly used for invasive blood pressure monitoring.
In our study, three groups were comparable for demographic variables i.e. age and sex. The
primary outcome of the study was to compare the first attempt success rate between the three
techniques of arterial cannulation and secondary outcomes were total number of attempts in 5
minutes, time taken to cannulate, number of cannulas used, and complication related to the

procedure (hematoma, bleeding, thrombosis).

The present study comparing for first attempt success rate showed no statistical
significance among the three groups with a p-value of 0.794. This is similar to the study by
Cheryl Peters et al. (15),which showed that the first-attempt success rate was 56.4% in the
palpation group and 71.4 % in the USG group with a P value of 0.10. However, S
Bhattacharjee(9) et al. meta-analysis and Homam Moussa Pacha et al. (17), the systemic
review showed a significant increase in first attempt success rate in the USG guided

technique than in the palpation technique. Furthermore, unlike our study, ZheFeng Quan e?
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al. (11)and Zou et al. (12) in their study comparing AST and TP techniques showed
significant increase in first attempt success rate in AST than in TP group, with a p-value of
0.002 and 0.001, respectively. Contrary to our results, Kiberenge et al. (13), Soo Yeon Kime
et al. (14) and Liu et al. (16), comparing DNTP with TP for radial arterial cannulation
showed that there was significant increase in first-attempt success rate with a p-value of
0.001, <0.001 and 0.007 respectively. This difference in the first attempt cannulation success
can be attributed to the operators experience for arterial cannulation. In the present study, all
arterial cannulations were performed by experienced anaesthetists who had performed more

than 30 arterial cannulations both by palpation method and ultrasound techniques.

In this study, the total number of attempts required to cannulate the artery was
statistically insignificant with a p-value of 0.773 and a median number of attempts was 1 in
all the three groups. In this aspect, our study was similar to the study conducted by Cheryl
Peters et al. (15), who showed that number of attempts for arterial cannulation was 1 [1-2]
vs 1 [1-2], respectively, in USG and TP groups (p=0.08). S Bhattacharjee et al. (9)in their
meta-analysis, showed no difference in the mean number of attempts between palpation and
USG guided arterial cannulation. However, there are studies which showed that there is a
significant decrease in the number of attempts for arterial cannulation by USG guided
cannulation in comparison to palpation method eg. Kiberenge er al. (13), Levin ef al. (18),
and Soo Yeon Kime e al. (14) with a p-value of < 0.001, 0.003 and <0.001 respectively.
This variability in the number of arterial cannulation attempts can be related to the operator's
experience with arterial cannulation. All arterial cannulations in this research were conducted

by experienced anaesthetists.

In our study, there was no significant difference in time taken for arterial cannulation
among the 3 groups, with median time for cannulation among the three groups TP, DNTP,
and AST was 60.5 [37.0, 129.5] sec, 71.0 [50.0, 170.0] sec and 108.0[58.0, 181.0] sec,
respectively, (p= 0.066). Our results were similar to the study conducted by Cheryl peters et
al(15), where they showed that there is no difference between the TP vs USG-guided groups
for time to arterial cannulation {104 [76-212] sec vs 104 [68— 270] sec}, respectively (P =
0.66). Similarly, in a study conducted by Lynn Zaremski er al(19), comparing direct
palpation and USG guidance for radial artery cannulation during cardiac catheterisation
showed that time to access for artery cannulation was 47 [20-90] sec versus 31 [20-75] sec
respectively (p= 0.179). Similar to our results, in a metanalysis conducted by S

Bhattacharjee et al (9)comparing palpation and USG guided radial artery cannulation also
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concluded that there was no difference in time to cannulate( p = 0.30). Our result was also
similar to the study conducted by Kiberenge et al (13) where they compared DNTP and
palpation method for radial artery cannulation which showed that the median cannulation
times were 81.5 (61-122) sec in the DNTP group and 76 (48—175) sec in the palpation group
(p=0.7). However, our study’s result is not similar to the study conducted by Liu e al. (16),
comparing the DNTP technique and palpation technique for radial artery cannulation which
showed that the average time taken for radial artery cannulation in the ultrasound and
palpation groups were 91.4 + 55.4 sec and 284.7 + 153.6 sec, respectively (P < .001). Soo
Yeon Kime ef al. (14) in their study comparing DNTP and palpation method for radial artery
cannulation also showed that cannulation time was 42 (32,55) sec in the DNTP group and 53
(36,78) sec in the palpation group (P<0.001), which was not similar to our study. Contrary to
our result, Rui Dong et al. (10) in their study including residents undergoing training,
showed that arterial cannulation time in the AST group was significantly shorter than that of
the traditional ultrasound-guided group. It can be due to the difference in operator experience
between our and other studies. All arterial cannulations in this study were performed by

anaesthetists with sufficient expertise.

In the present study, we also compared the overall success rate of cannulation within
five minutes, which was also statistically insignificant with a p-value of 0.789. Successful
cannulation rates were 95%, 98.3%, and 96.7% among TP, DNTP, and AST, respectively,
which was similar to the study done by Cheryl Peters er al. (15) which also showed that
there was no significant difference for overall success rate between palpation and USG
guided techniques. Similar to our study, S Bhattacharjee et al. (9) showed that overall
cannulation success rate was similar between ultrasound-guided technique and palpation
method. However, a study conducted by Kiberenge er al. (13) comparing DNTP and TP
methods in radial artery cannulation showed that the overall 5 minute success rate was 89%
in the DNTP group compared to 65% in the palpation group (P < .001), which was not
similar to our study. Also, unlike our study, Liu ef al. (16)in their study showed that the total
success rate was 96.7% in the ultrasound group and 60.0% in the palpation group (P = .001),

but here the study population was neonates unlike adults in our study.

Our study also compared overall complications such as hematoma and arterial spasm,
in the 3 groups. The rate of overall complications between the three groups TP, DNTP and
AST, were 5.0 %,1.7% and 3.3%, respectively, with a p-value of 0.789, which is

insignificant. In our study, there were no complications related to infection/sepsis because the
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arterial cannulations were done only for perioperative monitoring of arterial blood pressures,
after which the cannula was removed in the postoperative care unit and then the patient was
shifted to the ward, so maximum time patient had arterial cannulation was less than 12 hours;
hence, the risk of infection was also less. In our study, hematoma and arterial spasms were
also less in all three groups. Similar to our study, Cheryl Peters et al. (15), Homam Moussa
Pacha et al. (17)and Rui Dong et al. (10) in their study concluded that there was no
difference in overall complications between the study groups. Unlike our study, Soo Yeon
Kime et al. (14) in their study found that hematoma formation was substantially less in the
DNTP group 7% vs TP group 24.2%; (P<0.001). Contrary to our result, Liu et al. (16), in
their study, found that 3.3% of the neonates in the USG group and 26.7% in the palpation
group had puncture hematoma (P = .026). This difference of complications in various studies
can be attributed to the difference in the age group of study population and operator’s

experience for arterial cannulation.

A 20 G arterial cannula (Becton Dickinson, Sandy, Utah, USA] costs around 564
rupees/unit. During cannulation, if it takes time, cannula may get blocked, and sometime
during the threading of the cannula, there are chances that the cannula may get shear off. All
these may lead to a change in the cannula, burdening the hospital or the patient. In our study,
we also compared the number of cannulas used in all the three groups. We found no
significant number of cannulas changed among the three groups during arterial cannulation

(p=0.915).
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Study Strengths and limitation

To our knowledge, no study has been done to compare radial artery cannulation between
three groups, TP, DNTP and AST, for first-attempt success rate, time taken for cannulation,
number of cannulas changed and complications. Our study is a randomised trial which

included a reasonable number of patients.
It did, however, have certain limitations.
1. The research was conducted in a single centre.

2. With the DNTP approach, needle alignment with the USG beam could be difficult for

inexperienced operators.

3. These techniques in emergency settings warrant more research because this study was done

in an operating room.

4. In our study, we compared adult patients, where pulse palpation was relatively easy,
compared to neonates and infants, where USG may have a role in cannulation. Hence further

research for arterial cannulation in these age groups should be carried out (16,21).

5. In our study, we included adult patients who were hemodynamically stable with normal
BP; hence further research should be done in patients with hypotension and shock where

palpation of the pulse is difficult (22).

6. In our study, the operator, i.e. who did cannulation, were experienced anaesthetist, who
had performed more than 30 arterial cannulations both by palpation method and ultrasound
techniques. Hence further studies involving operators i.e. residents with less experience in

cannulation should be done (10).

7. Here, we used the dynamic needle tip positioning technique and acoustic shadowing
technique separately for cannulation, where both have their limitations. So further studies
involving both techniques in the same arterial cannulation may increase the first attempt

success rate and decrease the time taken for cannulation.

8. Here, we compared all three techniques for cannulation for radial artery cannulation, which
is more frequently done. However, other arteries like posterior tibial artery(23), dorsalis pedis

artery(23) etc. may be considered in future studies.
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9. More studies with larger sample sizes and comparisons with alternative techniques of

USG-guided arterial cannulation are needed in the future.
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CONCLUSION

The current study compared TP, DNTP and AST techniques for radial artery cannulation by
experienced anaesthetists in adult patients for first-attempt success rate, the total number of

attempts for cannulation, time taken for cannulation and complications.

Neither of the techniques TP, DNTP or AST, have a higher first-attempt success rate for
radial artery cannulation. This means neither of the three techniques has advantages over

others with respect to the first attempt success rate in radial artery cannulation.

Also, there is no significant difference in the total number of attempts, time taken for

cannulation and complications among the three groups.

Hence, we conclude that USG guided DNTP and AST techniques for radial arterial
cannulation in adult patients by experienced anaesthetists do not have any advantages over

palpation method.
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*  Relevant information has boen withheld or misrepresented

AlIMS IEC shall have an access 10 any infornation of data at any lime during the « or after completion of
the project

Please Note that this approval will be rectified whenever it is possible 10 hold a meeting in person of the
Institutional Ethics Committee. It is possible that the PI may be asked o0 give more clanifications or the
Institutional Eihics Commitioe may withhold the project. The Institutional Ethics Committee is adopting this
procedure due to COVID-19 (Carona Virus) situation, If the Institutional Ethics Commitiee does not get back to
you, this means your project has been cleared by the IEC.

On behalf of Ethics Committee, | wish you success in your research

. MEmber Secretary %
Member secretary
Institutional Ethics Comminda

AlIMS, Jodhpur

Basni Phase-2, Jodhpur, Rajasthan-342005; Website: www.aiimsjodhpur.cdu.in, Phone: 0291-2740741 Exin. 3109
E-mail - cthicscommuttced anmsjodhpur edu in; ethicscommitieeatimsjdhia gmail com
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Annexure - 2

All India Institute of Medical Sciences Jodhpur, Rajasthan

Patient Informed Consent Form (PICF)

Title of the project: “Comparison of two ultrasound-guided techniques (dynamic needle
tip positioning and acoustic shadowing) with conventional palpation technique for
radial arterial cannulation in adult patients: a randomised controlled trial"

Name of the PG Student: Dr Mruthyunjaya N S. Tel. No. : 9449197078

Patient/Volunteer Identification No. :

1, S/o or D/o R/o

give my full, free, voluntary consent to be a part of the

study Comparison of two ultrasound-guided techniques (dynamic needle tip positioning and acoustic
shadowing) with conventional palpation technique for radial arterial cannulation in adult patients: a
randomised controlled trial" the procedure and nature of which has been explained to me in my own language

to my full satisfaction. I confirm that I have had the opportunity to ask questions.

I understand my participation is voluntary, and I am aware of my right to opt-out of the study at any time

without giving any reason.

I understand that the information collected about me and any of my medical records may be looked at by a
responsible individual from AIIMS, Jodhpur. I give permission for these individuals to have access to my

records.

I agree to take part in the above study.

Date:

Place: Signature/Left thumb impression

This is to certify that the above consent has been obtained in my presence.

Date:

Place: Signature of Principal Investigator
1. Witness 1 2. Witness 2

Signature Signature

Name: Name:

Address: Address:
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Annexure - 3
Wl R weaAfd aad

Naae o1 MF: " TATP AN F HeTASS-MSSS SRATHD Asel feu NfSRIfAT i o1 3rpifEes
AT A & WY WA UHA BT FegoAled: Teh ATe oo fAdf3d gdaior

UAE 3Heauh: 3f Hcgold U TH &ol. EAT: 9449197078
ol gga .
A, g/, g4 frare

" AR FAUG A HeCHTSS-IMSSS SIS
dArsel fou QIfSrIfear eaehieh &1 3repiTEee AT Taeileh & AT USTT YHA &I HegAAA: Teh AT [TSD
feraifia ufaror 1 fRwar aaa & forw 38 qof, wada, Wtos weafa dar g, Sadr ufthar 3k ugpfa g2
37U Tt 3 319l gt Hf® & forw e o ¥1 # g @van g 76 A9 v qoa & 3raeR e

3 Farstan g o6 A% arelierl wAfRes ¥ 3R fondh off oT & e fonel off wor 31 @ T’ e &
A IABR A 39T g

3 Fagrar g 5 A 3R AN el o AR RepiS & an 3 v A 718 Faar wow, YR F AR
cafeh gRT W ST wehelt ¥| 3 31 cafehal & forw 3raa Repis e ugaa) &1 sregafar aar g

H SR 3T 3 HI9T o & fore weAd g

SIELRCH
TUTA: TEAIER / aTU 39S g

IE YOI e & fore s sudeh weafar 38 sufeufa & aa Hr o 2

arfra:

A TSI 3edudh &b ZEdTET
1. 31aTE 1 2. IATE 2
TEAER TEAIER

ATH ATH
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Annexure - 4

All India Institute of Medical Sciences Jodhpur, Rajasthan
PARTICIPANT INFORMATION SHEET (PIS)

Title of the project: “Comparison of two ultrasound-guided techniques (dynamic needle tip positioning and
acoustic shadowing) with conventional palpation technique for radial arterial cannulation in adult

patients: a randomised controlled trial"

Name of the PG Student: Dr Mruthyunjaya N S. Tel. No.: 9449197078

I have been explained in my own understanding language by the attending anaesthesiologist that they are
comparing the success rate of three different techniques of radial artery cannulation. I may be placed in group P
[palpation technique] or group D [Ultrasound guided-Dynamic Needle Tip technique], or [Ultrasound guided-
Acoustic Shadow technique] as per the randomisation number, but I will be unaware of the group I belong to. I
will participate in this study from the beginning of anaesthesia till artery cannulation by either technique. I will

be monitored in the intraoperative and postoperative periods per the hospital's anaesthesia protocol.

If this technique is superior, it will help reduce the number of attempts of artery cannulation, lesser duration of
cannula insertion time, and its complications like digital ischemia, haemorrhage, thrombosis, and hematoma

formation.

I have been explained that the occurrence of any significant side effects due to the use of the study techniques is
extremely rare as both techniques are found to be very safe. I had a chance to go through the literature
supporting the safe use of both these techniques in human beings. If any complication does occur, I will be
provided free treatment by the hospital. No disability or death is expected from the study. I may withdraw
myself from this study at any time, and it will not affect my routine care. The data obtained from me will be
used for the purpose of the study only. All my records will be kept confidential. No extra cost and blood
samples are required. I confirm that I have had the opportunity to ask questions.

Date:
Place: Signature/Left thumb impression

This is to certify that the above consent has been obtained in my presence.

Date:
Signature of Principal Investigator
Place :
Witness 1 2. Witness 2
Signature Signature
Name: Name:
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Annexure - 5
A9l =T Hh

uratae &1 Mdep: "aaEs AdE # ecarss-ases sAfAe dAisa ou tifSifEe 2ol &1 ifEes
AT N & WY WA UHA BT Fegolel: Teh ATefosad Adaf3d gdaor

AW 3HeaAueh: 3T HcGo1d T TH . HEAT: 9449197078

A A AT H TAEATHAATEE §RT FHSATAT 13071 & b A WIS Gttt dhegorera & it rerer-3retar
dehetIehl T THeIdT & P JoIdT B e &1 | HH e oShal HEAT & HJAR, T UT [Hertedt qeedren] ar
HHE 3 [3egAT3S MSS3-3AATHD Sl EU dehellen] AT HHE U [HoMATSS IMSSS-3HehITEcdh AN dehedlah]
# @1 1 Tt &1 Afh F 38 YU A A T A 3 37eTTA A vAreNTHAr HY I & A At
deheies A U AT Ueh & GRT AT & oGl B deh H REAT o0 3 3udTel & T & uieterer
& AR AT 37 Forarears 3R 3w waara $r 3rafdy 3 AR & w@r e |

g 38 Tehelleh T AT UIAT AT &, Al TS YHA ool & YATAT Y HEAT, hegolAed FAY Y 3afd
IR Ty & T8 BiSea swhfAsm , ara, garEdr 3R gHSIAT 316 ST SAfEearsit o &3 & |

A WHSAT I1T & 6 31 AT Teheliepl &b 3UANT & FHROT fhelt 3t Fgeaqut gousra & gear redd
goleT ¢ e QYT cebeliehl ot agcl AT UTAT IAT & | 33 3T Qledl cAebellehl b HTeTar 3 FITAIT 3TN &l
FHAA HA aTe! AT Y ST o Alepr et | afg g sifeerar @eh 2, a g2 3reuare gRT Jod 3Tar
veTe fRaT STeT | 3T A B RAaeiorar a1 g @ Hr FFEaa ad & | 7 e oft vy 5w sremma
@ gg &I g FhdT § 3R Iz A AafAa S@arer & gHfaa A2 e FHA ard 2T BT 3TN o
HETTA & 3227 & v fopam e A @ef Repis Mol 1@ soar| 1 3ifalkes amera 3k W & J
&Y ITaRIADBAT Gl &1 H GI¥ T § o6 3 U gt &1 gt e

ara:
YT

TEAIER / 41U 39[S g
T UATTOI & & forw o sudes weafa a8 sufeafa st ura v o
ara:
I YT AU & FEAIER
1. 97aT% 1 2. ITETE 2
FEATET TEAET
ara: ar

39



Annexure - 6

Proforma

S.No. Date:

Thesis Title: Comparison of two ultrasound-guided techniques (dynamic needle tip
positioning and acoustic shadowing) with conventional palpation technique for radial
arterial cannulation in adult patients: a randomised controlled trial

IPD Serial no/Sticker:
Observer: Name:
OT number:
Surgery/procedure:
Technique: Traditional Palpation/Dynamic needle tip /Acoustic shadowing.
Start time:
Number of times the cannula off from the skin:
Number of cannulas changed:
End Time (when the free flow is established in the cannula):
Total time taken for cannulation:
Total number of attempts:
Complications, if any, observed:
Result of canalising the selected artery (after 5 min): successful/failure

Remarks, if any, from the observer:

4 )
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