Comparison of Ultrasound-guided
Costoclavicular Block versus Axillary
Block for Below Elbow Surgery:

A Randomised Clinical Study
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ABSTRACT quantitative variables and Fischer’s-exact test was used as
Introduction: Ultrasound-guided brachial plexus blocks are test of significance for qualitative data.

widely used to provide anaesthesia for upper limb surgery.  Results: Both groups were comparable in terms of demographic
Costoclavicular Block (CCB) is a newer infraclavicular approach  data (age, sex, body mass index and American Society of
to brachial plexus block where local anaesthetic is deposited  Anaesthesiologists (ASA) grading) with a p-value of >0.05. The

between the midpoint of the clavicle and the first rib. mean (SD) sensorimotor onset time was similar between the
Aim: To compare the efficacy of ultrasound-guided CCB to CCB and AXB groups (14.71+1.18 vs 14.85+2.33 minutes),
Axillary Block (AXB) for below elbow surgery. respectively; p-value=0.764. Mean block performance time

was shorter in CCB than AXB group (5.83+0.82 vs 8.74+0.85
minutes) respectively; p-value <0.001. CCB group had a
shorter total anaesthesia-related time compared to AXB group
(20.69+0.87 vs 23.79+2.19 minutes) respectively. Success rate
was similar between costoclavicular and axillary approaches.
No complications were noted in either group.

Materials and Methods: This randomised clinical study
included 70 patients belonging to ASA | and Il category, aged
between 18 and 59 years undergoing below elbow surgery.
Patients were randomly allocated to either CCB group or
AXB group under ultrasound guidance using 20 mL of local
anaesthetic mixture (10 mL of 0.5% bupivacaine and 10 mL
of 2% lidocaine with adrenaline). Sensorimotor block onset = Conclusion: Though the onset time and success rate were similar
time, block performance time, total anaesthesia-related time,  between the two groups, CCB resulted in a shorter performance
success rate and complications were recorded. Independent  time and total anaesthesia-related time. Thus, CCB is a safe and
t-test was used to determine significance between two reliable alternative to AXB for below elbow surgery.
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INTRODUCTION of local anaesthetic in the CCS [8]. The technique has decreased
Ultrasound-guided peripheral nerve blocks are an essential  Puncture-related problems and enhanced the safety and speed of
armamentarium of the anaesthesiologist. Brachial plexus blocks — the brachial plexus block [9]. Various studies [2,3,10] have been
are widely used to provide anaesthesia for upper limb surgeries [1].  done to compare the different approaches to the brachial plexus
Various approaches are used for performing brachial plexus blocks ~ but there are very few studies [11-13] which have compared the
like interscalene, supraclavicular, infraclavicular and axillary, each  newer CCB to the already established approaches to the brachial
having its own advantages and disadvantages [2]. plexus block.

For elbow, forearm, and hand surgeries, AXB is a commonly  Thus, this randomised study was done to compare ultrasound-
utilised peripheral nerve block [3]. The radial, median, and guided CCB with ultrasound-guided AXB in patients undergoing
ulnar nerves are located near the axillary artery and appear below elbow surgery. Our primary objective was to compare the
as hyperechoic structures surrounding the axillary artery on  onset of sensory and motor block. Our secondary objectives were
ultrasonography. The musculocutaneous nerve lies between the  to compare the block performance time, total anaesthesia related
biceps and coracobrachialis muscles outside the axillary sheath.  time, success rate and occurrence of complications like vascular
More than one injection is required for depositing local anaesthetic  puncture, haemorrhage, pneumothorax and local anaesthesia
around the axillary artery to block the median, radial and ulnar  toxicity in both the groups.

nerves and a separate injection is needed for anaesthetising the

musculocutaneous nerve in between the coracobrachialis and MATERIALS AND METHODS

biceps muscle [4]. This randomised parallel group clinical study was conducted at
The CCBis a variation of infraclavicular block that was first described St John’s Medical College, Bangalore, Karnataka, India, between
Considerab|y later than the AXB for elbow, forearm, and hand December 2020 and December 2022. Ethical clearance was
procedures [5]. Anatomically, the Costoclavicular Space (CCS) is  obtained from the institutional ethics committee (Ref no 392/2020)
located between the subclavius and serratus anterior muscles that ~ @nd the study was listed with the Clinical Trials Registry of India
cover the first rib and behind and deep to the middle of the clavicle ~ (CTRI2021/11/038097). Written informed consent was obtained
[6]. The brachial plexus cords are grouped lateral to the axillary artery ~ from each participant.

at the CCS, and they have a regular anatomical relationship with one  Inclusion criteria: Patients aged between 18 and 59 belonging to
another and the axillary artery [7]. The three cords can be seenina  ASA physical status | and Il who underwent elective or emergency
single ultrasound window and can be blocked with a single injection  below-elbow surgery.
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Exclusion criteria: Patients with a history of hypersensitivity to local
anaesthetic drugs, pregnant and lactating women, skin infection at
the site of needle insertion, coagulopathy, patients with pre-existing
neurological disorders.

Sample size selection: Based on available literature [5,14] at the
time of initiation of study, a sample size of 35 patients was needed
in each group to detect a 7-minute difference in the onset time
for motor block between USG guided CCB and AXB. This was
considering an average standard variation of six minutes, with 5%
level of significance and 80% power. This sample size was also
adequate to observe a mean difference of five minutes in sensory
block between the study arms.

Study Procedure

A total of 70 patients were assessed for their eligibility to participate
in the study. A computer-generated sequence was used to randomly
assign patients into two groups. Group CCB (n=35) received an
ultrasound-guided CCB [Table/Fig-1], while Group AXB (n=35)
received an ultrasound-guided AXB [Table/Fig-2]. Opaque sealed
envelopes were prepared for allocation concealment. These were
opened just before the block by the anaesthesiologist who was
going to perform the procedure. The same person assessed the
block intraoperatively and followed up the patient postoperatively.
The Consolidated Standards of Reporting Trials (CONSORT)
diagram is presented in [Table/Fig-3].
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Subclavius

Serratus Anterior

[Table/Fig-1]: Ultrasound image for Costoclavicular Block (CCB). AA: Axillary
artery; AV: Axillary vein; PC: Posterior cord; LC: Lateral cord; MC: Medial cord.

[Table/Fig-2]: Ultrasound image for Axillary Block (AXB). AA: Axillary artery; MN:
Median nerve; UN: Ulnar nerve; RN: Radial nerve; MCN: Musculocutaneous nerve;
CBM: Coracobrachialis muscle

A detailed pre-anaesthetic evaluation was done prior to surgery and
written informed consent was taken. After confirming fasting status
patients were shifted to the Operation Room (OR). In the contralateral
upper limb, a peripheral venous access (20 G) was established.
Standard ASA monitors were attached, including an electrocardiogram,
pulse oximeter and non-invasive blood pressure. Patients in both the
groups were premedicated using 0.02 mg/kg midazolam i.v.. All the
blocks were performed by an experienced anaesthesiologist using
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Enrollment

‘ Assessed for eligibility (n=70) ‘

Excluded (n=0)

Randomised (n=70)

[ o

Allocated to intervention group CCB (n=35)
Received allocated intervention (n=35)

Allocated to intervention group AXB (n=35)
Received allocated intervention (n=35)

Follow-Up

Lost to follow-up (n=0)

] [ ] 1

Analysed (n=35)
+ Excluded from analysis (n= 0}

Lost to follow-up (n=0)

Analysed (n= 35)
« Excluded from analysis (n=0)

[Table/Fig-3]: CONSORT diagram.

high frequency linear USG probe (6-13 MHz sonosite) with a nerve
block needle under strict aseptic precautions. Both groups received 20
mL volume of local anaesthetic mixture, which consisted of 10 mL of
0.5% bupivacaine and 10 mL of 2% lidocaine with adrenaline [15-17].

Patients in the CCB group were put in a supine position with their
head slightly rotated to the opposite side and their operative limb in a
90-degree abduction. Under all aseptic conditions, USG probe was
placed on the middle third of the clavicle and anatomical landmarks
wereidentified. Subsequently, the axillary artery and vein were identified
by translocating the probe caudally to the infraclavicular fossa. To
visualise the CCS beneath the subclavius muscle, the transducer
was angled cephalad. Lateral to the axillary artery, the three brachial
plexus cords were visualised [Table/Fig-1]. After infiltrating skin with
2% lignocaine, the needle was passed from lateral to medial direction
in an in-plane technique and 20 mL of local anaesthetic was injected
at the centre of the nerve cluster after negative aspiration for blood.

Patients in the AXB group were put in a supine position with their
elbows flexed and their arms abducted. An USG probe was placed
in the axilla to view the axillary artery following appropriate asepsis.
Around the axillary artery, the median, ulnar, and radial nerves were
identified and the musculocutaneous nerve between the biceps and
coracobrachialis was visualised [Table/Fig-2]. After infiltrating skin
with 2% lignocaine, the needle was passed twice in an in-plane
technique initially from anterior to posterior aspect of the axillary
artery where 5mL of anaesthetic was deposited around each of the
median, ulnar, radial nerves. Remaining 5mL of local anaesthetic
was deposited around musculocutaneous nerve.

Onset time of the sensorimotor block was recorded. The lateral
side of the forearm, the thumb’s volar aspect, lateral aspect of the
dorsum of the hand and volar aspect of the fifth finger were used to
assess sensory blockage of the musculocutaneous, median, radial,
and ulnar nerves, respectively. The pin prick test was used to grade
sensory blockage on a three-point scale. {O=nil block; 1=analgesia
(patient can perceive touch, not pin prick); 2=anaesthesia (patient
cannot perceive touch)}. The total sensory score out of eight was
recorded at different intervals of time.

Eloow flexion, thumb abduction, thumb opposition, and
thumb adduction were used to assess motor blockage of the
musculocutaneous, radial, median, and ulnar nerves, respectively. A
three-point rating system was also used to grade motor blockade.
(0=no block; 1=paresis; 2=paralysis). The total motor score out of 8
was recorded at different intervals of time.

The composite sensorimotor score (sum of sensory and motor score)
out of 16 points was also noted. The patient was considered ready
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for surgery if they had a minimum composite score of 14 points with
a minimum sensory block score of >7 out of 8. The block onset time
was defined as the time needed to achieve >14 points following the
end of the local anaesthetic mixture injection [12,18,19].

The assessment of the sensory and motor block at five minutes
interval in the first half hour was recorded. Supplementation of
local anaesthetics or rescue nerve block, conversion to general
anaesthesia was considered as unsuccessful block. Block
performance time (duration between local infiltration of skin
and end of local anaesthetic injection through the needle), total
anaesthesia-related time (aggregate of performance time and
onset time), complications such as vascular puncture, local
anaesthetic systemic toxicity, nerve injury, allergic reactions were
recorded.

STATISTICAL ANALYSIS

The Statistical Package for Social Sciences (SPSS) version 27
was used to analyse the obtained data. Descriptive statistics were
reported using frequencies and proportions for the categorical
data and mean with SD for the continuous data. Chi-square
test or Fischer’s-exact test was employed to test the statistical
significance of categorical data. Independent t-test was used to
determine significance between quantitative variables. Statistical
significance was defined as a p-value of less than 0.05.

RESULTS

Demographic data was comparable between the two groups
[Table/Fig-4].

Variables CCB group AXB group p-value
Age (years) 32.97+10.93 34.71+£10.67 0.502
Sex (male: female) 21:14 21:14 1
BMI 23.3+2.58 23.15+1.79 0.789
ASA (I: 11) 23:12 22:13 0.803

[Table/Fig-4]: Demographic variables.

Reported as number (%); p-value using Fisher’s-exact test; p <0.05" statistically significant;
p<0.001** statistically highly significant.

[Table/Fig-5] shows the number and percentage of patients who
achieved a total sensory block score >7 at different intervals of time,
while [Table/Fig-6] depicts the number and percentage of patients
with total motor block score >7 achieved in both the groups.
[Table/Fig-7] compares the number and percentage of patients
who achieved a total composite sensorimotor block score >14 at
different intervals of time in both the groups.

Time elapsed Number of patients with sensory block score >7

after performing

the block CCB group AXB group p-value
5 minutes 0 0 -

10 minutes 15 (42.9) 16 (45.7) 0.810
15 minutes 35 (100) 34 (97.1) 0.314
20 minutes 35 (100) 35 (100) -

25 minutes 35 (100) 35 (100) -

30 minutes 35 (100) 35 (100) -

[Table/Fig-5]: Comparison of sensory block score >7 between study groups

Reported as number (%); p value using Fisher’s exact test; p<0.05* statistically significant;
p<0.001** statistically highly significant

The onset time of sensorimotor block was similar in both the groups
[Table/Fig-8]. Statistically significant difference was seen in the
block performance time between the two groups (p<0.001), with
CCB requiring shorter time to perform. Total anaesthesia-related
time was significantly lesser in costoclavicular group compared to
axillary group (p<0.001) [Table/Fig-8].

All patients in both the groups had a successful block for
providing surgical anaesthesia. Hence, there was no significant

www.jcdr.net

Time elapsed Number of patients with motor block score >7

after performing

the block CCB group AXB group p-value
5 minutes 0 0 -

10 minutes 5(14.3) 4 (11.4) 0.721
15 minutes 35 (100) 32 (91.4) 0.077
20 minutes 35 (100) 35 (100) -

25 minutes 35 (100) 35 (100) -

30 minutes 35 (100) 35 (100)

[Table/Fig-6]: Comparison of motor block score >7 between study groups.

Reported as number (%); p value using Fisher’s exact test; p<0.05" statistically significant;
p<0.001** statistically highly significant

Ti | d Number of patients with composite sensorimo-

1S GETRIE tor block score > 14

after performing

the block CCB group AXB group p-value
5 minutes 0 0 -

10 minutes 2(5.7) 4(11.4) 0.393
15 minutes 35 (100) 32 (91.4) 0.239
20 minutes 35 (100) 35 (100) -

25 minutes 35 (100) 35 (100) -

30 minutes 35 (100) 35(100)

[Table/Fig-7]: Comparison of composite sensorimotor block score >14 between
study groups.

Reported as number (%); p-value using Fisher’s exact test; p<0.05* statistically significant;
p<0.001** statistically highly significant

CCB group AXB group
Parameters (Mean=SD) (Mean=SD) p-value
Block onset time/Time to 14.71£1.18 14.85+2.33 0.764
score 214 (minutes)
Block performance Time 5.83+0.82 8.74+0.85 <0.001**
(minutes)
Total anaesthesia-related 20.69+0.87 23.79+2.19 <0.001**
time (minutes)

[Table/Fig-8]: Comparison of various parameters-sensorimotor block onset time,
block performance time and total anaesthesia related time.

p-value using independent t test; p<0.05" statistically significant; p<0.001** statistically highly
significant

difference between the two groups in terms of successful block
distribution. There were no complications like vascular puncture,
haemorrhage, pneumothorax and local anaesthesia toxicity in
either of the groups.

DISCUSSION

In the present study, we compared the block characteristics of
ultrasound-guided CCB which is a newer approach to brachial
plexus block as compared to the already established AXB. The CCS
is a distinct intermuscular area that extends deep to the posterior
midpoint of the clavicle. In the CCS, the medial, lateral, and posterior
brachial plexus cords are compactly arranged under a single fascial
compartment [5]. In axillary approach, the individual nerves have to
be identified and then blocked using local anaesthetics.

A better understanding of sonoanatomy has enabled anaesthetists
to reduce the dose of local anaesthesia drugs for nerve blocks in
the recent years. We have used 20 mL volume of local anaesthetic
mixture for performing the block, which consisted of 10 mL of
0.5% bupivacaine and 10 mL of 2% lidocaine with adrenaline. This
dosage is supported by studies which have used 20 mL volume for
different approaches of brachial plexus block under USG guidance
and achieved successful outcomes [15-17].

We used a 16 point scoring method for assessing the onset
of sensorimotor block. We found that the mean onset time of
sensorimotor block was comparable in costoclavicular and axillary
groups (14.71+1.18 minutes in CCB and 14.85+2.33 minutes in AXB
(p=0.764). As the local anaesthetic was deposited near the three cords
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in CCB and in close proximity to the individual nerves in AXB, the onset
time was similar in both our groups despite using two separate local
anaesthetic injections in AXB group. The result of the present study
was similar to that of Nalini KB et al., who compared ultrasound-guided
costoclavicular and axillary nerve block using 30 mL of local anaesthetic
mixture of bupivacaine and lignocaine [12]. They demonstrated a
similar onset time between the two groups. The block onset time was
shorter in their study as compared to ours which could be because
of the higher volume (30 mL) of local anaesthetic drug used in their
study. Ramesh SM et al., compared CCB with supraclavicular block for
forearm surgeries and concluded that the onset time was significantly
lower in costoclavicular group (8.20+0.58 minutes) compared to
supraclavicular group (9.72+0.84 minutes) [18].

Tran DQ et al., found a block onset time of 17.8+6.9 minutes
using 35 mL of 1.5% lignocaine with adrenaline and Yanli Y et al.,
reported a block onset time of 17.19+2.71 minutes using a mixture
of 35-mL of 1% lidocaine and 0.25% bupivacaine in ultrasound-
guided AXB [20,21].

Li JW et al., and Songthamwat B et al., studied the effectiveness
of ultrasound-guided CCB using 20-25 mL 0.5% ropivacaine in
patients undergoing upper limb procedures [5,22]. The onset of
block was much faster in their studies {5(5-15) minutes and 10(10-
26.25)} minutes {median (interquartile range)} respectively vs.
14.71+£1.18 min in our study. Dost B et al., found that the sensory
block onset time was 4 (3.88-6) minutes and the onset time of
motor block was 5 (4-6.48) minutes in patients undergoing CCB
using 20 mL of 0.5% bupivacaine which was much shorter than our
study [23]. This difference between various studies could be due to
variability in the type and volume of local anaesthetic used and the
difference in how the block onset time was defined.

The present study showed that the mean performance time of
the ultrasound-guided CCB (5.83+0.82 minutes) was shorter than
AXB (8.74+0.85 minutes) p=<0.001. In CCB, the three cords have
a consistent and compact arrangement lateral to the axillary artery
where they can be visualised easily and be blocked by a single
needle injection. In AXB there may be inter individual variability in the
arrangement of the median, ulnar and radial nerves around the axillary
artery necessitating variation in the needle direction for injecting local
anaesthetic near these nerves. Also, as the musculocutaneous
nerve was blocked by a separate needle pass, the total time of
performing the AXB was greater than the CCB. This was similar to
the study by Nalini KB et al., who found that the performance time
was significantly shorter in CCB as compared to AXB [12].

A shorter performance time for the block will add to patient comfort
and overall better experience for the patient in the operation theatre. A
few studies have described the shorter performance time of CCB as
compared to supraclavicular, infraclavicular and axillary approaches
to the brachial plexus block due to the tightly packed and reliable
anatomical placement of the three cords in the CCS [8,18]. However,
Luo Q et al.,, compared CCB with interscalene block in shoulder
arthroscopic surgeries and demonstrated a significantly shorter
block performance time in interscalene approach (346.49+108.60
seconds) in comparison with CCB (376.92+113.37 seconds) [24].

Some studies defined performance time as the aggregate of
scanning time and needling time [19,25,26]. Scanning time depends
on the variability of nerve position and depth of nerves in the different
approaches to brachial plexus block. Increase in scanning time and
needling time both can increase the block performance time. Tran
DQ et al., found that both the scanning and needling time was
more in axillary as compared to supraclavicular and infraclavicular
approaches [20]. As axillary approach requires extensive scanning
to identify the individual nerves and injection around them, scanning
and needling time both were higher in this approach. Even though
we did not include the scanning time in our performance time
the needling time in the axillary approach in our study was higher
showing similarity to Tran DQ et al., study [20].
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In this study total anaesthesia-related time in costoclavicular group
was 20.69+0.87 minutes and in axillary group was 23.79+2.19
minutes. There was a statistically significant difference in mean
total anaesthesia-related time between two groups, p <0.001, as
there was a significant difference in the performance time between
the two groups while the mean onset time was similar in both the
groups. Nalini KB et al., also concluded that the total anaesthetic
time was significantly shorter in costoclavicular group compared
to axillary group owing to the shorter block performance time in
costoclavicular approach [12]. On the contrary, Song IA et al., and
Tran DQ et al., observed that, though the performance time in AXB
was longer, the total anaesthesia related time was similar to the
other approaches of brachial plexus block as the onset time was
faster in the axillary approach in their studies [2,20].

In the present study, there was no significant difference in success
rate of the two groups (100% in CCB and 100% in AXB). Nalini KB
et al., also demonstrated a similar success rate for both CCB and
AXB groups [12].

In the AXB, several needle passes could increase the risk of vascular
puncture. The costoclavicular technique may be more beneficial
for patients with coagulation disorders than the axillary approach
since the target point is situated lateral to the artery, between the
three brachial plexus cords, as opposed to perivascularly with the
axillary approach. In studies by Tran DQ et al., and Hussien R and
lbrahim D vascular puncture has been reported because of the
close proximity of the nerves to the axillary artery [20,27]. However,
none of our patients had any complications of vascular puncture or
local anaesthetic toxicity in either AXB or CCB group.

Limitation(s)

This was not an observer blinded study; the person who noted the
block characteristics was not blinded to the approach used for the
brachial plexus block which could have led to bias in the results.
Scanning time was not included in our study. Axillary approach
necessitates identification of individual nerves which requires more
extensive scanning. If the scanning time had been included in our
study it may have further prolonged the performance time in axillary
group.

CONCLUSION(S)

This randomised controlled study compared ultrasound-guided
CCB with AXB for below elbow surgeries. The results demonstrated
that CCB has a similar onset of sensorimotor block and success
rate when compared to AXB. However, the costoclavicular
approach has a shorter block performance time thereby decreasing
the total anaesthesia-related time. No complications were observed
in both the groups. Thus, ultrasound-guided costoclavicular
approach provides an effective and safe alternative to ultrasound-
guided axillary approach of brachial plexus block for below elbow
surgeries.
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