
Introduction 

Ultrasound (US)-guided brachial plexus block (BPB) targets the brachial plexus at var-
ious levels to provide anesthesia and analgesia for upper limb surgery. This usually in-
volves lateral sagittal infraclavicular BPB (Fig. 1) that targets the brachial plexus at the 
cord level and deposits local anesthetics around the second segment of the axillary artery 
in the lateral infraclavicular fossa [1]. Costoclavicular BPB (CCB) is a recently introduced 
technique for infraclavicular blocks (Fig. 2). Three brachial plexus cords are located with-
in the costoclavicular space laterally to the axillary vessels and are tightly clustered; more-
over, there is a consistent relationship among the cords [2,3]. During CCB administra-
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Fig. 1. Probe position and US view of lateral sagittal approach. The US probe is placed medially to the coracoid process in the sagittal plane in the 
infraclavicular area, and three cords are targeted using the in-plane technique. AA: axillary artery, LC: lateral cord, MC: medial cord, PC: posterior 
cord, US: ultrasound.

Fig. 2. Probe position and US view of the costoclavicular approach. The US probe is placed parallel to the clavicle in the midclavicular area and 
tilted toward the cephalad; and three cords are targeted using the in-plane technique. AA: axillary artery, LC: lateral cord, MC: medial cord, PC: 
posterior cord, US: ultrasound.
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tion, the brachial plexus is targeted immediately caudally to the 
clavicle in the costoclavicular space, which is located more super-
ficially than the space targeted in other BPB techniques [4,5]. Re-
cently, Karmakar et al. [4] described a costoclavicular approach 
that used a single injection and a relatively small anesthetic vol-
ume that allowed rapid onset and reliable analgesia. Accordingly, 
CCB has emerged as an attractive alternative approach given the 
aforementioned anatomical advantages and reliable blockade. 

In addition to the rapid onset of reliable sensory-motor block-
ade of the major terminal nerves of the brachial plexus, CCB is re-
lated to a lower incidence of hemidiaphragmatic paralysis (HDP) 
compared with other BPB techniques [6–8]. HDP, which is a 
common complication following BPB, is caused by the inadver-
tent spread of the local anesthetic to the phrenic nerve [9]. The 
occurrence of HDP is related to the applied BPB technique, inject-
ed local anesthetic volume, and distance between the block site 
and the C3–C5 nerve root or phrenic nerve [10]. The incidence of 
HDP is highest for interscalene (up to 100%) and supraclavicular 
BPB (up to 70%), followed by lateral sagittal infraclavicular BPB 
(up to 24%). Although HDP is well tolerated by healthy patients, 
it may cause substantial morbidity in patients with marginal pul-
monary function [11–13]. Among the four BPB approaches, axil-
lary BPB has a low possibility for phrenic nerve block [14]; how-
ever, it may require an additional approach for musculocutaneous 
block [15]. Contrastingly, CCB can yield a high-quality anesthesia 
and analgesia without additional needle re-insertion that reduces 
the performance time [15]. 

We hypothesized that CCB involves a lower incidence of HDP 
compared with other BPB techniques. Accordingly, we aimed to 
compare the incidence of HDP and other adverse events, pulmo-
nary function test results, and block performance between CCB 
and other BPB techniques among patients undergoing upper limb 
surgery.   

Materials and Methods 

We conducted a systematic review and meta-analysis following 
the Preferred Items for Systematic Reviews and Meta-analysis 
statement guidelines [16]. The study protocol was registered in 
the International Prospective Register of Systematic Reviews on 
October 6, 2022 (CRD42022364910). 

Literature search 

We searched PubMed, EMBASE, Cochrane Central Register of 
Controlled Trials, Cumulated Index to Nursing and Allied Health 
Literature, Scopus, and Web of Sciences for studies that compared 

the incidence of HDP between CCB and other BPB techniques. 
The search terms included ‘costoclavicular’ and ‘brachial plexus 
block’. Supplementary Table 1 shows the search strategies and re-
sults for each database. The database query was performed on 
September 29, 2022, without restrictions in terms of language, 
year, journal, or region. 

Study selection 

We selected studies based on the following PICOS (population, 
intervention, comparison, outcomes, and study design) criteria: 
(P) patients who underwent upper limb surgery under BPB, (I) 
CCB, (C) other BPB techniques, (O) occurrence of HDP, (S) hu-
man studies including randomized controlled trials (RCTs) or ret-
rospective cohort studies. We excluded case reports, conference 
abstracts, non-peer-reviewed studies, and studies without data re-
garding HDP. The titles and abstracts of identified articles were 
screened by two independent authors (C.-H.K. and H.-J.S.). Sub-
sequently, the authors screened the full texts of eligible articles 
and selected studies that met the inclusion criteria. Disagreements 
were resolved through discussions with a third author (J.-H.R.).  

Data extraction  

The two authors (C.-H.K. and H.-J.S.) independently extracted 
the following data from the included studies: the first author, pub-
lished year, study design, sample size, BPB type, assessment tool 
for HDP, and characteristics of the local anesthetics (drug concen-
tration, type, and volume). Values reported as median and range 
(for example, interquartile range or minimum to maximum) were 
converted to the mean and standard deviation following Luo’s and 
Wan’s formula [17,18]. The primary outcome was the incidence of 
HDP. The secondary outcomes were postoperative pulmonary 
function test results, other adverse events (Horner’s syndrome, 
hoarseness, paresthesia, vascular puncture, dyspnea, desaturation, 
and pneumothorax), onset time, performance time, and needle 
passage time. Disagreements were settled through discussions 
with the third author (J.-H.R.). 

Quality assessment 

Two authors (C.-H.K. and H.-J.S.) independently evaluated the 
risk of bias (RoB) and level of evidence. The recent version of the 
Cochrane RoB tool (RoB 2) that evaluates randomization bias, bias 
due to deviation from the intended intervention, missing outcomes 
bias, measurement bias, and selective reporting bias was used for 
RCTs [19], with RoB being graded as low, moderate, or high risk. 
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For non-randomized studies, the quality was assessed using the 
Newcastle-Ottawa scale (NOS) that comprises three domains: se-
lection, comparability, and outcome [20]. The level of evidence was 
scored based on the RoB, inconsistency, indirectness, imprecision, 
and publication bias in accordance with the Grading of Recom-
mendations, Assessment, Development, and Evaluation [21]. 

Statistical analysis 

Statistical analyses were performed using the ‘meta’ and ‘meta-
for’ packages of R version 3.6.1 (R Foundation for Statistical Com-
puting, Vienna, Austria) [22–24]. The pooled effect size was esti-
mated by calculating the risk ratio (RR) or mean difference (MD) 
based on data obtained from RCTs. Among-study heterogeneity 
was presented as the inconsistency index (I2), with an I2 value >  
50% indicating significant heterogeneity. Based on the heteroge-
neity, we used the fixed-effect model (I2 <  50%) or random-effect 
model (I2 >  50%). In case of a small number of included studies 
(e.g., <  10), the Hartung-Knapp-Sidik-Jonkman method was 

used in the random-effect analysis to minimize the error rate [25]. 
In sensitivity analysis, each study was omitted one by one, fol-
lowed by re-estimation of the effect size. Publication bias was 
evaluated using the symmetrical funnel plot and Egger’s linear re-
gression test. We planned to perform subgroup analysis according 
to the other BPBs (supraclavicular, infraclavicular, interscalene, or 
axillary) control group. Statistical significance was set at P <  0.05. 

Results 

Study selection 

Among 300 initially identified articles, 174 duplicate articles 
were excluded. Subsequently, the titles of the remaining 126 arti-
cles were screened and 56 articles were selected. After abstract 
screening, 19 papers were selected. Finally, full-text screening of 
the 19 papers yielded six RCTs that included 414 patients [6–
8,26–28] and one retrospective study that included 236 patients 
[29] (Fig. 3). Among the 414 patients in the RCTs, 203 and 211 

Fig. 3. PRISMA flow of the literature search and study selection. A total of 300 articles were identified through electronic databases. Among them, 
174 duplicate articles were removed. After screening the titles of the 126 remaining articles, 56 articles were considered relevant. Subsequent 
screening of the abstracts of the 56 articles yielded 19 relevant studies. Finally, full-text screening of these 19 studies yielded six RCTs and one 
retrospective study. RCT: randomized controlled trial.
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patients underwent CCB and other BPB techniques, respectively. 
The other BPB techniques included supraclavicular block (n =  3) 
[6,7,29], interscalene block (n =  1) [27], lateral sagittal block (n =  
1) [26], superior trunk block (n =  1) [28], and paracoracoid block 
(n =  1) [8]. Table 1 shows detailed information regarding the sev-
en included studies.  

Incidence of HDP  

The incidence of HDP was significantly lower in the CCB 
group than in the other BPB group (5.9% vs. 31.3%, six studies; 
RR: 0.21, 95% CI [0.12, 0.36], P <  0.001, I2 =  47%; fixed-effect 
model) (Fig. 4) [6–8,26–28]. The re-estimated RR in the sensitivi-
ty analysis retained statistical significance (Supplementary Fig. 1) 
that indicated that no study skewed the pooled effect size. A fun-
nel plot demonstrated symmetrical distribution (Supplementary 

Fig. 2); additionally, Egger’s linear regression test did not reveal 
significant publication bias (P =  0.628). In the subgroup analysis, 
the results differed according to the model applied (fixed-effect 
vs. random-effect model) (Supplementary Fig. 3). Given the het-
erogeneity, we used the fixed-effect model effect size for the su-
praclavicular subgroup (I2 =  0%) and the random-effect model 
effect size for the interscalene subgroup (I2 =  73%). Accordingly, 
the protective effect of CCB was only significant when compared 
with the supraclavicular approach (two studies; RR: 0.20, 95% CI 
[0.08, 0.47], P <  0.001, I2 =  0%; fixed-effect model) (Supplemen-
tary Fig. 3) [6,7]. 

Secondary outcomes 

Table 2 summarizes the pooled effect sizes for the secondary 
outcomes. Patients in three studies underwent postoperative pul-

Fig. 4. Forest plot for the incidence of HDP between the CCB and other BPB groups. CCB: costoclavicular brachial plexus block, BPB: brachial 
plexus block, RR: risk ratio, HDP: hemidiaphragmatic paralysis.

Table 1. Baseline Characteristics of the Included Trials

Author & year Study design
Sample size

Control block Assessment of HDP Local anesthetics
CCB Other BPB

Aliste 2019 [27] RCT 22 22 Interscalene block US 0.5% levobupivacaine, 20 ml
Dost 2021 [26] RCT 50 50 Lateral sagittal block Not described 0.5% bupivacaine, 20 ml
Hong 2021 [6] RCT 35 40 Supraclavicular block US 1:1 mixture of 1% lidocaine and 

0.75% ropivacaine, 20 ml
Jo 2022 [28] RCT 31 34 Superior trunk block US 0.5% ropivacaine, 20 ml
Leurcharusmee 2017 [8] RCT 45 45 Paracoracoid block US 1:1 mixture of 1% lidocaine and 

0.25% bupivacaine, 35 ml
Oh 2020 [29] Retrospective  

cohort study
118 118 Supraclavicular block Chest radiograph 1:1 mixture of 1% lidocaine and 

0.75% ropivacaine, 20–30 ml
Sivashanmugam 2019 [7] RCT 20 20 Supraclavicular block US 1:1 mixture of 2% lidocaine and 

0.5% bupivacaine, 20 ml
CCB: costoclavicular brachial plexus block, BPB: brachial plexus block, HDP: hemidiaphragmatic paralysis, RCT: randomized controlled trial, US: 
ultrasound.

Aliste 2019
Dost 2021
Hong 2021
Jo 2022
Leurcharusmee 2017
Sivashanmugam 2019

Fixed effect model
Heterogeneity: I2 = 47%, τ2 = 0.5464, P = 0.10
Test for overall effect: z = –5.55 (P < 0.001)

Study

22
50
35
31
45
20

203

CCB Other BPB

95% CI Weight

22
50
40
34
45
20

211

0
0
4
3
4
1

TotalEvents TotalEvents RR

22
0

19
12
4
9

0.02
1.00
0.24
0.27
1.00
0.11

1001010.10.01

0.21

34.5%
0.8%

27.2%
17.6%
6.1%

13.8%

100.0%

[0.00, 0.34]
[0.02, 49.43]
[0.09, 0.64]
[0.09, 0.88]
[0.27, 3.75]
[0.02, 0.80]

[0.12, 0.36]
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monary function tests [6,7,28], with all three studies reporting the 
peak expiratory flow rate (PEFR). The CCB group showed signifi-
cantly higher PEFR values than the other BPB group (MD: 0.68 L/
s, 95% CI [0.13, 1.23], P =  0.015, I2: 0%; fixed-effect model) (Sup-
plementary Fig. 4) [6,7,28]. There were no significant be-
tween-group differences in the incidence of other complications 
(3.0% vs. 5.2%, six studies; RR: 0.62, 95% CI [0.27, 1.43], P =  
0.263, I2 =  0%; fixed-effect model) (Supplementary Fig. 5) [6–
8,26–28]. Additionally, there were no significant between-group 
differences in the onset time (three studies; MD: 1.92 min, 95% 
CI [–9.50, 13.33], P =  0.545, I2 =  90%; random-effect model) 
(Supplementary Fig. 6) [8,26,27], performance time (three stud-
ies; MD: 0 min, 95% CI [–2.40, 2.40], P =  0.999, I2 =  90%; ran-
dom-effect model) (Supplementary Fig. 7) [8,26,27], and needle 
passage time (three studies; MD: –0.28 min, 95% CI [–3.09, 2.54], 
P =  0.714, I2 =  98%; random-effect model) (Supplementary Fig. 
8) [8,26,27]. 

Quality assessment 

Supplementary Fig. 9 shows the quality assessment of the in-
cluded studies. Among the included RCTs, one and five studies 
showed moderate and low RoB, respectively. The moderate RoB 
resulted from unbalanced participant loss between the groups 
(four and one in the CCB and other BPB groups, respectively) due 
to unexpected open conversion. The researcher who administered 
the BPB could not be blinded; however, all the included studies 
used a blinded observer to objectively assess the outcomes. This 
suggested that the block performer’s awareness of the group allo-
cation did not influence the evaluation of outcomes. The NOS 
score for the cohort study was 8 out of 9 that indicated good qual-
ity. There was a moderate evidence level regarding the incidence 
of HDP, other complications, and postoperative PEFR. Contrast-
ingly, there was a low evidence level regarding the onset time, per-
formance time, and needle passage time that involved a risk of in-
consistency and imprecision (Supplementary Table 2).    

Discussion 

We observed that CCB involved a lower incidence of HDP 
than other BPB techniques (lateral sagittal, supraclavicular, supe-
rior trunk, and interscalene blocks). Compared with the other 
BPB group, the CCB group showed more preserved PEFR that is 
an indicator of the physiologic impact of diaphragmatic weak-
ness [30]. There was no between-group difference in the inci-
dence of block-related complications as well as the onset and 
performance time. 

BPB is a valuable regional anesthesia technique for patients un-
dergoing upper extremity surgery. HDP is a common complica-
tion of BPB, with its incidence following interscalene BPB reach-
ing 100% [31]. In our study, the incidence of HDP was 5.9% and 
31.3% in the CCB and other BPB groups, respectively. Moreover, 
the included retrospective study, which was excluded from the 
meta-analysis, showed that CCB has a greater protective effect 
against HDP than supraclavicular BPB (2.5% vs. 35.8%) [29], 
which is consistent with our meta-analysis findings. As aforemen-
tioned, the distance between the phrenic nerve or C3‒C5 roots 
and the block site significantly influences the occurrence of HDP 
[6]. This could explain the lower incidence of HDP and better 
PEFR in the costoclavicular approach that involves a relatively 
distal area from the phrenic nerve or C3‒C5 roots compared with 
the interscalene, superior trunk, and supraclavicular approaches. 
In subgroup analysis, CCB was superior only to the supraclavicu-
lar approach. Notably, there was no significant difference between 
the CCB and interscalene approach that could be attributed to the 
small sample size of the subgroup of the interscalene approach. 
Regarding safety, the costoclavicular approach might be a valuable 
alternative for patients with impaired lung function. 

The incidence rates of block-related complications were 3.0% 
and 5.2% in the CCB and other BPB groups, respectively. All in-
cluded RCTs applied US-guided BPB techniques that may have 
contributed to the low incidence of complications across the BPB 
techniques. This further demonstrates the safety benefits of the 
costoclavicular approach. 

Table 2. Summary of the Secondary Outcomes

Secondary outcomes Number of studies Effect size 95% CI P value I2

Postoperative PEFR 3 MD, 0.68 (L/s) 0.13, 1.23 0.015 0%
Other complications 6 RR, 0.62 0.27, 1.43 0.263 0%
Motor onset time 3 MD, 1.92 (min) –9.50, 13.33 0.545 90%
Performance time 3 0 (min) –2.4, 2.4 0.999 90%
Needle passage time 3 –0.28 (min) –3.09, 2.54 0.714 98%
PEFR: peak expiratory flow rate, MD: mean difference, RR: risk ratio, I2: the percentage of variation across studies.
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There were no between-group differences in the onset and per-
formance time; however, this result should be carefully interpret-
ed given the small number of included RCTs and the heterogene-
ity within the control group (one interscalene and two lateral sag-
ittal approaches). Moreover, it is crucial to consider the familiarity 
of the operator with the nerve block method [32]. Although nerve 
blocks were performed by experienced and skillful physicians, we 
could not adjust for biases resulting from differences in the tech-
nique level across operators. Another important factor that influ-
ences the technical aspect is the nerve depth. The three brachial 
plexus cords run deeper in the conventional lateral sagittal ap-
proach than in the costoclavicular approach for infraclavicular 
BPB that impedes needle visibility given the steep angle between 
the needle and US probe [5]. Contrastingly, the cervical roots and 
clustered cords in the interscalene groove and costoclavicular 
space, respectively, are within a relatively shallow depth compared 
with those in other approaches [33]. However, we could not per-
form subgroup analysis according to the approach type since only 
two and one RCT applied lateral sagittal BPB and interscalene 
BPB, respectively. 

This study had some limitations. First, we included a relatively 
small number of studies. Therefore, large-scale and well-planned 
studies are warranted to confirm our results. Second, the control 
group comprised various BPB techniques that could have contrib-
uted to the heterogeneity. Third, none of the studies compared the 
incidence of HDP between the CCB and axillary approach that is 
a safe technique in terms of phenic nerve block [14]. 

In conclusion, among patients undergoing upper limb surgery, 
compared with other BPB techniques, CCB involves a lower inci-
dence of HDP as well as comparable performance time, onset 
time, and block-related complications. Further large-scale and 
well-designed RCTs are warranted to strengthen the evidence and 
confirm our results. 
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