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KEYWORDS Abstract
Brachial plexus block; Background: The costoclavicular approach to brachial plexus block may have a more favorable
Nerve block; anatomy than the classic infraclavicular approach. However, there are conflicting results in the
Pain management; literature regarding the comparative effectiveness of these two techniques.
Orthopedic Methods: We systematically searched for Randomized Controlled Trials (RCTs) comparing costo-
procedures clavicular with infraclavicular brachial plexus blocks for upper extremity surgeries on MEDLINE,

EMBASE, and Ovid. The outcomes of interest were sensory and motor block onset times, perfor-
mance times, block failure, and complication rate. We performed statistical analyses using Rev-
Man 5.4 and assessed heterogeneity using the Cochran Q test and I? statistics. We appraised the
risk of bias according to Cochrane’s Risk of Bias 2 tool.

Results: We included 5 RCTs and 374 patients, of whom 189 (50.5%) were randomized to undergo
costoclavicular block. We found no statistically significant differences between the two techni-
ques regarding sensory block onset time in minutes (Mean Difference [MD = -0.39 min]; 95% Cl -
2.46 to 1.68 min; p = 0.71); motor block onset time in minutes (MD = -0.34 min; 95% CI -0.90 to
0.22 min; p = 0.23); performance time in minutes (MD = -0.12 min; 95% CI -0.89 to 0.64 min;
p = 0.75); incidence of block failure (RR = 1.59; 95% CI 0.63 to 3.39; p = 0.63); and incidence of
complications (RR =0.60; 95% C1 0.20 to 1.84; p = 0.37).

Conclusion: This meta-analysis suggests that the CCV block may exhibit similar sensory and
motor onset times when compared to the classic ICV approach in adults undergoing distal upper
extremity surgery, with comparable rates of block failure and complications.
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Introduction

Infraclavicular (ICV) and Costoclavicular (CCV) brachial
plexus blocks are commonly employed for regional anesthe-
sia and analgesia in upper extremity surgical procedures."?
These techniques offer comprehensive coverage of the
upper limb from axilla to digits while minimizing the risk of
hemi-diaphragmatic paresis, as observed with more proxi-
mal approaches.®*

The traditional ICV approach to the brachial plexus
involves accessing the lateral infraclavicular fossa adjacent
to the coracoid process. In this region, the three cords of
the brachial plexus lie deep to the pectoralis muscles and
are spatially separated (Fig 1A). Their proximity to the axil-
lary artery varies significantly, making it rare to visualize
three cords simultaneously.>® On the other hand, the CCV
approach is performed at the same level as the axillary
artery but more medially in the costoclavicular space. Here,
the cords are superficial and tightly clustered together
(Fig. 1B). Consequently, some authors suggest that the CCV
approach offers a more advantageous anatomical configura-
tion, resulting in reduced interindividual variability.> Fur-
thermore, visualization of the brachial plexus is typically
easier with the CCV approach, requiring less needle manipu-
lation during the procedure.?”"

The potential impact of the aforementioned anatomi-
cal and sonoanatomical advantages on block outcomes
remains uncertain. To bridge this knowledge gap, we con-
ducted a comprehensive systematic review and meta-
analysis of Randomized Controlled Trials (RCT) comparing
CCV and ICV blocks in patients undergoing distal upper
extremity surgery. Our evaluation focused on sensory
block onset time, motor block onset time, performance
time, incidence of block failure, and complications with
each approach.

Methods
Eligibility criteria

We included only studies meeting all the following eligibility
criteria in this meta-analysis: (1) RCTs; (2) Comparing CCV
and ICV approaches for brachial plexus block; (3) Using
ultrasound-guidance; (4) In patients older than 18-years of
age undergoing elbow, forearm, or hand surgeries; and
(5) Reporting any of the clinical outcomes of interest. We
excluded: (1) Overlapping populations, defined as studies
with overlapping institutions and recruitment periods; and
(2) Non-randomized studies.

Search strategy and data extraction

We systematically searched MEDLINE, EMBASE, and Ovid for
RCTs meeting the eligibility criteria, published from incep-
tion to November 2022. The search strategy we used for all
databases consisted of: (infraclavicular OR “lateral sagittal”
OR paracoracoid) AND costoclavicular. Two different authors
conducted the search independently (STA and RAL). We last
searched all databases on November 15, 2022. We applied
no language restrictions. Three authors (STA, RAL, and NPD)
independently extracted baseline characteristics and out-
come data based on predefined criteria. Disagreements in
study screening or data extraction were resolved through
consensus among the authors.

We prospectively registered the protocol for this study in
the International Prospective Register of Systematic Reviews
(PROSPERO) with registration number CRD42022372297.
We conducted and reported the systematic review and
meta-analysis in accordance with the Cochrane Handbook
for Systematic Reviews of Interventions and the Preferred

Figure 1

Schematic representation showing the relationship of the cords of the brachial plexus to the axillary artery on the infra-

clavicular (A) and costoclavicular (B) approaches. AA, Axillary Artery; AV, Axillary Vein; LC, Lateral Cord; MC, Medial Cord, PC, Poste-
rior Cord; PMj, Pectoralis Major Muscle; PMn, Pectoralis Minor Muscle; SC, Subclavius Muscle; AS, Anterior Serratus Muscle.
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Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA)."?

Endpoints

The outcomes of interest were (1) Sensory block onset time;
(2) Motor block onset time; (3) Performance time; (4) Inci-
dence of block failure; and (5) Incidence of complications.
Sensory onset time was evaluated using ice in four of the
included studies, employing the scale: 0 = normal, 1 = analge-
sia, and 2 = anesthesia.’*"'® One trial used the pinprick test,
adopting the following scale: 0 = no sensation, 1 = pinprick
present.'’

Motor block assessment was conducted through move-
ment evaluation in four RCTs'*"® (2 = normal, 1 = paresis,
0 = paralysis), whereas one trial'’ employed the Lovett rat-
ing scale (6 = normal muscular force, 5 = slightly reduced
muscular force, 4 = pronounced reduction in muscular force,
3 = slightly impaired mobility, 2 = pronounced mobility
impairment, 1 = almost complete paralysis, 0 = complete
paralysis). Performance time was defined differently in the
studies. In one RCT," it was determined as the sum of imag-
ing and needling times, whereas in the other RCTs,"*'” it
referred to the duration from local infiltration to the com-
pletion of local anesthetic injection.

Block failure was defined as the occurrence of patient-
reported pain during surgery. The assessment of complica-
tions encompassed a pooled analysis of hoarseness, hemi-
diaphragmatic paralysis, paresthesia, vascular puncture,
and Horner Syndrome.

l17

Quality assessment

Considering that only RCTs were included in the analysis, we
employed the Cochrane Risk of Bias assessment tool version 2
(Rob-2) to evaluate the risk of bias.'® Two authors (STA and
RAL) independently conducted the risk assessment, and any
disagreements were resolved through consensus.

Due to the limited number of included studies, we could
not conduct a comprehensive assessment of publication
bias. The utility of funnel plots in detecting bias is limited
when the sample size is small, and the Egger test is not
recommended unless there are at least 10 studies included
in the analysis.'’

We assessed the overall strength of evidence for each
outcome using the guidelines created by the Grades of Rec-
ommendation, Assessment, Development, and Evaluation
(GRADE) working group. Using the GRADEpro Guideline
Development Tool, two independent authors (STA and RAL)
rated the certainty of evidence as high (2®®®), moderate
(@@a0), low (2e00), or very low (©ccc).”

Statistical analysis

We conducted a comprehensive statistical analysis to assess
the associations between the variables of interest. We esti-
mated Risk Ratios (RR) for categorical outcomes, and Mean
Differences (MD) for continuous outcomes. To account for
variations in study designs and populations, we employed
inverse variance weighting under DerSimonian-Laird random
effects models to calculate the association measures along

with their respective 95% Confidence Intervals (95% CI) and
p-values.

In order to evaluate the extent of heterogeneity, we
quantified it using 7% and |? statistics, and further assessed it
using Cochran’s Q test. We performed sensitivity analyses
for all outcomes using the leave-one-out method, which
allowed us to assess the impact of each individual study on
the overall pooled analysis. Additionally, we conducted
exploratory subgroup analyses for key outcomes that were
available for further investigation.

We conducted the statistical analysis using R version 4.3.0
(R Foundation for Statistical Computing).

Results
Study selection and characteristics

Our initial search of the databases yielded 138 results,
which we subsequently refined by removing duplicated and
ineligible studies. After this process, 7 studies remained and
underwent a thorough review by two authors based on
predefined eligibility criteria. Complete agreement was
reached between the authors. Ultimately, we included
5 RCTs comparing CCV and ICV blocks in the analysis (Fig. 2).
These trials were published between 2017 and 2021 and
included a total of 374 patients, with 189 (50.5%) allocated
to the CCV block group. The age of the patients ranged
from 18 to 80 years, and the American Society of Anesthesi-
ologists (ASA) physical status varied from | to Ill. Body Mass
Index (BMI) ranged from 18 to 40 kg.m™2. Key characteristics
of the included studies are summarized in Table 1.

Pooled analysis

We found no statistically significant differences between
CCV and ICV blocks in terms of sensory block onset time
(MD = -0.39 min; 95% Cl -2.46 to 1.68 min; p = 0.71; 12 = 70%;
5 RCTs; 374 patients; Fig. 3A) or motor block onset time
(MD = -0.34 min; 95% CI -0.90 to 0.22 min; p = 0.23; I = 13%;
3 RCTs; 204 patients; Fig. 3B).

Our subgroup analysis examining different local anes-
thetics yielded comparable results. In studies using Ropiva-
caine, we found no statistically significant differences in
sensory onset time between groups (MD = -0.50 min; 95% CI -
9.65 to 8.65 min; p = 0.02; I* = 81%; 2 RCTs; 165 patients;
Fig. 3A). Similarly, for studies using a mixture of Bupivacaine
with Lidocaine, we found no statistically significant differen-
ces in sensory onset time (MD = -1.54 min; 95% Cl -2.92 to
-0.16 min; p = 0.56, 12 = 0%; 2 RCTs; 144 patients). The same
applies to studies utilizing only Bupivacaine (MD = -0.51 min;
95% CI -1.06 to 0.04 minutes; 1 RCTs; 100 patients). Regard-
ing motor block onset time, we found the results were
consistent regardless of the drugs administered (Fig. 3B).

We did not identify any statistically significant differen-
ces between ICV and CCV approaches in terms of perfor-
mance time (MD = -0.12 min; 95% ClI -0.89 to 0.64 min;
p=0.75; 1> = 96%; 5 RCTs; 374 patients) (Fig. 4).

Regarding the incidence of block failure, we found no sta-
tistically significant difference between the two groups. In
the CCV group, there was a total of 12/189 cases of block
failure, while in the ICV group, there were 7/185 cases
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PubMed search:

38 results

Embase search:

64 results

Identification

Ovid search: 36 results

Number screened: 138 results

Duplicate reports (n=71)

Screening

Excluded by title/abstract (n = 60)

Full-text reviewed: 7 studies

Overlapping population (n = 1)

Eligibility

No outcomes of interest (n = 1)

Included

5 included studies

Figure 2

(RR = 1.59; 95% Cl 0.63 to 3.39; p = 0.63; I = 0%; 5 RCTs;
374 patients).

Similarly, with respect to the incidence of complications,
we found both groups demonstrated comparable results. In
the CCV group 4/189 patients experienced complications,
while in the ICV group 7/185 patients encountered complica-
tions (RR = 0.60; 95% C10.20 to 1.84; p = 0.37; 1 = 0%; 5 RCTs;
374 patients).

Sensitivity analysis

When we excluded the study by Brown in 2020, the effect
estimates revealed a clear superiority of the CCV approach
over the ICV approach in terms of achieving sensory block
onset (MD = -0.67; 95% ClI -1.18 to -0.16) (Supplementary
Fig. S1). We found the Baujat plot (Supplementary Fig. S2)
revealed that Brown contributed the most to the overall
heterogeneity and exerted the greatest influence on the
overall result. These combined findings suggest that the
presence of heterogeneity in the study design may have
impeded the ability to draw a definitive conclusion favoring
the CCV approach.

PRISMA flow diagram of study screening and selection.

However, we found the leave-one-out analysis did not
yield any notable differences compared to the main analysis
regarding motor block onset, as depicted in Supplementary
Figure S3. Moreover, the sensitivity analysis provided addi-
tional support for the neutral findings concerning compara-
tive efficacy in terms of performance time, block failure,
and the incidence of complications.

Quality assessment

A comprehensive evaluation of the risk of bias for each indi-
vidual study can be found in Table 2. Out of the included
studies, one exhibited a low overall risk of bias, while four
studies had some concerns. All studies adequately generated
randomized sequences. Although blinding of the block
performer and patients was not feasible, the surgeons and
assessors responsible for evaluating block-related outcomes
were blinded. We found the incidence of block failure and
complications demonstrating no significant heterogeneity
(12 = 0%), whereas we observed moderate heterogeneity for
sensory block onset time (12 = 68%), motor block onset time
(1% = 27%), and performance time (1% = 95%). With regard to
the GRADE assessment for each study, we rated the certainty
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Baseline characteristics of included studies.

Table 1

7

1% / 0.25%

45/45 26/17 41/43 29/15/1 28/14/3 24/23 Lidocaine / 35

RCT

Leurcharusmee

Bupivacaine
Ropivacaine

etal.2017"3

Songthamwat

0.5%

25

20/20 11/10 46/49 7/11/2 7/8/5 22/24

RCT

etal. 2018

Brown et al.

0.5%

19/11 49/47 12/18/4 10/15/5 26/28 Ropivacaine

34/30

RCT

2020"
Cesur et al.

1

1% / 0.25%

19/22 36/34 7/31/2 7/31/2 23/24 Lidocaine / 25

40/40

RCT

Bupivacaine
Bupivacaine

2021
Dost et al.

0.5%

29/21/0 25/27

40/41 38/12/0

50/50 8/9

RCT

2021"7

Age, mean; BMI, Body Mass Index in kg.m~2 (median); LA, Local Anesthetic.

of evidence for the outcomes of sensory and motor onset
time as moderate. For performance time, we deemed the
certainty of evidence low due to inconsistency and impreci-
sion. We assigned block failure and complication rates as
moderate and high certainty of evidence, respectively.

Discussion

In this meta-analysis, encompassing a total of 5 RCTs and
374 patients, we examined and compared the CCV to ICV
approaches in patients undergoing brachial plexus blocks for
distal upper extremity surgeries. Our analysis revealed no
statistically significant differences between these two tech-
niques with regards to sensory block onset time, motor block
onset time, performance time, block failure, and the inci-
dence of complications.

Several authors have hypothesized that CCV could have a
faster onset time than ICV due to the fact that the lateral,
medial and posterior cords of the brachial plexus are clus-
tered, lateral to the axillary artery, where they can be seen
in a single ultrasound window, as opposed to the ICV block,
where the cords are scattered around the axillary artery and
may not be visible simultaneously.”>” However, this ana-
tomical difference does not seem to have an impact on this
outcome, since sensory and motor block onset times for CCV
were found to be comparable to the ICV technique in this
meta-analysis. It is unclear why one study (Brown et al.)"
demonstrated significantly shortened sensory latency with
ICV while another (Cesur et al.)'® found that CCV was faster.
This may be related to the different local anesthetic choices
and volumes used, since many pharmacokinetic and pharma-
codynamic factors may influence onset time of a block. For
instance, highly lipid-soluble drugs, like bupivacaine, tend
to exhibit slower onset times due to their slower penetration
into nerve fibers. On the other hand, less lipid-soluble drugs,
such as lidocaine, often offer quicker onset due to their
rapid diffusion within the nerve tissue. Apart from drug
selection, the volume and concentration chosen also play a
pivotal role. Large volumes can lead to a more extensive
spread around the target nerve, increasing the likelihood of
achieving a complete block. The concentration of local anes-
thetic directly affects the rate at which nerve fibers are
depolarized, thus influencing the onset time. Higher concen-
trations of the drug generally induce a faster onset of action
due to a more rapid establishment of the nerve block. Nev-
ertheless, the subgroup analysis on different local anes-
thetics did not change the results which may mean that
from a practical perspective, any small difference in mean
block onset times is probably clinically irrelevant.

Several authors have proposed that the CCV approach,
with its favorable and superficial brachial plexus anatomy
and reduced interpatient variability, may result in faster
performance times and fewer needle passages.”'' However,
our findings indicate that there were no statistically signifi-
cant differences in performance times or in the incidence of
block-related complications between the CCV and ICV
approaches.

Both the ICV and CCV techniques demonstrated a low
rate of complications, consistent with previous reports
in the literature.*”"?%%3 |n our meta-analysis, no major com-
plications were reported. Minor complications, such as
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Heterogeneity: Tau? = 4; Chi? = 13, df = 4 (P < 0.01); I = 70%

3A

Study or Costoclavicular Infraclavicular Sensory Block Onset (min)
Subgroup Mean SD Total Mean SD Total Weight MD [95% CI] DL, Random, 95% CI
Bupivacaine + Lidocaine
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Total (95% Cl) 54 50 26.1% -0.50[-9.65; 8.65] —_—
Heterogeneity: Tau® = 36; Chi® = 5, df = 1 (P = 0.02); I° =81%
Bupivacaine
Dost 2021 47 16 50 52 11 50 29.3% -0.51[-1.06; 0.04] i
Total (95% Cl) 189 185 100.0% -0.39 [ -2.46; 1.68] :

| T

5 0

Test for overall effect: Z = -0.37 (P = 0.71)
Test for subgroup differences: Chi? = 2, df = 2 (P = 0.40)

T

5 1
Favors Favors

Costoclavicular Infraclavicular

-10 0

3B
Study or  Costoclavicular Infraclavicular Motor Block Onset (min)
Subgroup Mean SD Total Mean SD Total Weight MD [95% ClI] DL, Random, 95% CI
Ropivacaine
Songthamwat 2018 7540 20 10080 20 2.0% -250 [-6.40;1.40] ;
Brown 2020 217 6.7 34 20364 30 3.0% 1.40[-1.81;4.61] —ir——
Total (95% Cl) 54 50 5.1% -0.39 [-4.19; 3.42] N —
Heterogeneity: Tau® = 4; Chi? =2, df = 1 (P = 0.13); I = 56% :
Bupivacaine
Dost 2021 5219 50 550.8 50 94.9% -0.35[-0.92;0.22]
Total (95% Cl) 104 100 100.0% -0.34 [-0.90; 0.22]
Heterogeneity: Tau?<0.1;Chi? =2, df =2 (P=0.32); = 13% ! ! ! ! ! | !
Test for overall effect: Z =-1.20 (P = 0.23) -6 -4 -2 0 2 4 6

Test for subgroup differences: Chi?=0, df = 1 (P=0.99)

Figure 3

Favors Favors
Costoclavicular Infraclavicular

Sensory Block (A) and Motor Block (B) Onset Times were not statistically significantly different between the CCV and ICV

approaches even when subgroup analysis considering different local anesthetics administered was performed.

paresthesia or vascular puncture, occurred in 3.5% (13/374)
of all patients, with no statistically significant difference
observed between the CCV (1.6%) and ICV (5.4%) groups.
Hemi-diaphragmatic paralysis, a concerning complication
associated with brachial plexus blocks, was documented in
only 2.1% (8/374) of patients in this study, with a similar inci-
dence observed between the CCV (2.1%) and ICV (2.1%)

techniques. These finding are consistent with previously
published studies in the literature.”-?%242

In our study, we specifically investigated the incidence of
block failure as an additional potential complication, and
our findings are consistent with the existing literature. A
meta-analysis conducted in 2013 comparing the ICV block to
other upper extremity blocks, reported a block failure rate
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Costoclavicular Infraclavicular Performance Time (min)
Study Mean SD Total Mean SD Total Weight MD [95% CI] DL, Random, 95% CI
Dost 2021 1506 50 3007 50 224% -1.42[-1.67;-1.17] & 2
Cesur 2021 1503 40 1.605 40 22.6% -0.11[-0.30; 0.08] 1
Songthamwat 2018 5917 20 5917 20 16.0% 0.00[-1.05; 1.05] :
Brown 2020 3609 34 3109 30 21.2% 0.45[-0.00; 0.90] C—
Leurcharusmee 2017 6.720 45 6.021 45 17.9% 0.70[-0.15; 1.55] i
Total (95% ClI) 189 185 100.0% -0.12 [0.89; 0.64] ————

Heterogeneity: Tau? <0.1; Chi® = 96, df = 4 (P <0.01); 2 = 96%
Test for overall effect: Z = -0.31 (P = 0.75)

[ I I I I [ |

-15-1-050 05 1 15
Favors Favors
Costoclavicular Infraclavicular

Figure 4  There was no statistically significant difference in performance time of CCV and ICV blocks.

Table 2

Risk of bias summary for randomized studies (RoB 2).

Leurcharusmee et al. 2017
Songthamwat et al. 2018
Brown et al. 2020

Cesur et al. 2021

Dost et al. 2021

S DD DD
(CRORORRO}

CDDDD
SO DDD
O DD
QOO O

Judgement: @ Some concerns; © Low risk.

Domains:

D1: Bias arising from the randomization process.

D2: Bias due to deviations from intended intervention.
D3: Bias due to missing outcome data.

D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result.

of 11.4%.% In various studies, the reported rates of block fail-
ure for the CCV block have ranged from 0 to 9%.*7-%" In our
meta-analysis, we found that 5.1% (19/374) of all blocks
experienced failure, requiring the use of rescue blocks or
general anesthesia. Importantly, we did not observe any sta-
tistically significant differences between the CCV (6.7%—12/
189) and the ICV (3.8%—7/185) approaches.

We acknowledge and address the limitations of our study
concerning various outcomes. First, the relatively small sam-
ple size may have restricted our ability to detect small dif-
ferences between the groups. However, it is essential to
note that our study comprises the largest sample size cur-
rently available for comparing these two techniques within
high-quality RCTs.

In terms of the primary outcomes of sensory block onset
time and motor block onset time, our findings revealed mini-
mal effect sizes in their point estimates (MD -0.16 and -0.12,
respectively). However, it is important to note that the wide
confidence intervals associated with these estimates do not
definitely exclude the possibility of a potentially larger
treatment effect.

Another limitation of our analysis is the inability to assess
additional outcomes, such as pain scores and patient satis-
faction, due to either the absence of these results in the
included studies or the unavailability of patient-level-data.

The lack of data in these areas restricts our comprehensive
understanding of the overall impact of the techniques on
pain management and patient experience.

Finally, in terms of heterogeneity, we observed significant
heterogeneity (1> > 25%) in the outcomes of sensory and
motor block onset times. This heterogeneity may be attrib-
uted to variations in block techniques employed across the
included studies, including differences in anesthetic vol-
ume, concentration, and choice of agents (as outlined in
Table 1). The diversity in techniques could potentially con-
tribute to the observed heterogeneity and may affect the
generalizability of our findings.

Conclusion

This meta-analysis found that the CCV brachial plexus block
approach may provide equally fast sensory and motor onset
times when compared with the classic ICV approach for adult
patients undergoing distal upper extremity surgery, with
similar rates of block failure and complications between the
two techniques. Although this represents the largest sample
size comparing the two strategies, the overall pooled num-
ber of patients may still be underpowered for small statisti-
cally significant differences between groups. Nevertheless,
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given the findings of our meta-analysis, if such differences
exist, they are unlikely to be clinically meaningful.
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