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Background: Recent studies have reported that costoclavicular blocks (CCBs) can consis-
tently block almost all branches of the brachial plexus while sparing the phrenic nerve and 
provide effective analgesia after shoulder surgery. We aimed to compare the efficacy of the 
CCB with that of the interscalene block (ISB) as the sole blocking technique for shoulder 
surgery. 
Methods: A total of 212 patients undergoing elective arthroscopic shoulder surgery were 
randomized to receive an ISB or CCB based on a non-inferiority design. All patients re-
ceived titration sedation with propofol under monitored anesthesia during surgery. The 
primary outcomes were the proportion of patients with complete motor blockade of the 
suprascapular nerve (SSN) and incidence of hemidiaphragmatic paralysis (HDP). The sec-
ondary outcomes included block-related variables, complications, and postoperative pain 
scores. 
Results: The proportion of patients with complete motor blockade of the SSN at 20 min 
between the CCB and ISB groups (53% vs. 66%) exceeded the predefined non-inferiority 
margin of –5%, but was comparable at 30 min (87% vs. 91%). The CCB resulted in a sig-
nificantly lower incidence of HDP (7.55% vs. 92.45%), Horner’s syndrome (0% vs. 
18.87%), and dyspnea (0% vs. 10.38%) than the ISB. None of the patients experienced 
failed blocks or required conversion to general anesthesia. Pain scores were comparable 
between the groups. 
Conclusions: Ultrasound-guided CCBs may be comparable to ISBs, with fewer unfavor-
able complications in patients with impaired lung function undergoing arthroscopic 
shoulder surgery. 

Keywords: Analgesia; Brachial plexus; Diagnostic imaging; Nerve block; Phrenic nerve; 
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Introduction 

Multiple modes of anesthesia and analgesia, such as general anesthesia (GA), intersca-
lene blocks (ISBs), various brachial plexus block approaches, and selective nerve blocks in 
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combination with GA, have been effective in shoulder surgery [1]. 
Identifying the optimal regional anesthesia for shoulder surgery is 
essential for improving postoperative recovery in a day-surgery 
setting [2]. Inadequate treatment of postoperative pain and side 
effects associated with GA, such as somnolence and postoperative 
nausea and vomiting (PONV), result in delayed discharge and re-
admission [3,4]. ISBs are a standardized and reliable technique for 
postoperative analgesia after arthroscopic shoulder surgery and 
are also sometimes used as the sole means of anesthesia [4–6]. 
However, ISBs are associated with a relatively high risk of hemidi-
aphragmatic paralysis (HDP) and nerve injury [7,8]. Although 
several brachial plexus blocks distal to the interscalene approach 
have been proposed as diaphragm-sparing techniques [9], to date, 
only the costoclavicular block (CCB) has been found to provide 
postoperative analgesia equivalent to that of the ISB along with 
the lowest incidence of HDP [10]. 

The CCB, which was first described by Karmakar et al. [11] in 
2015, targets the three cords that originate from the division and 
fusion of the brachial plexus in the costoclavicular space. Recently, 
Koyyalamudi et al. [12] reported in their cadaveric study that a 
single injection of 0.1% methylene blue (20 ml) in the costoclavic-
ular space could consistently spread cephalad to all trunks and di-
visions in the supraclavicular space while sparing the phrenic 
nerve. Although only five specimens were included in that study, 
the findings also anatomically confirm the assumption of a “retro-
grade channel” between the costoclavicular and supraclavicular 
spaces [13]. The potential ability of the CCB providing surgical 
anesthesia for arthroscopic shoulder surgery may be recognized 
by the unexpected diffusion of local anesthetics (LA). This led us 
to speculate that if we could anesthetize almost all myotome and 
osteotome innervations of the shoulder joint, we could increase 
the acceptability of the CCB for intraoperative surgical anesthesia 
[14,15]. To date, clinical studies evaluating the efficacy and safety 
of CCBs as the sole anesthetic technique for proximal upper limb 
surgery have been limited [16,17]. 

The suprascapular nerve (SSN) and axillary, subscapular, and 
lateral pectoral nerves innervate the vast majority of the senso-
rimotor system of the shoulder joint and its adjacent structures 
[15]. The SSN arises from the superior trunk in the proximal tra-
jectory of the brachial plexus, whereas the remaining three nerves 
originate from the cord level of the brachial plexus (in the costo-
clavicular space). Because of the block characteristics of the CCB, 
identifying whether LA can spread to the SSN in clinical practice 
and validating the bold assumption that it can be used as the sole 
means of anesthesia for arthroscopic shoulder surgery is therefore 
urgent. In this prospective randomized trial, we compared ultra-
sound-guided single-injection ISBs to CCBs, with additional su-

praclavicular nerve blocks provided per the surgical procedure. 
We reasoned that the CCB could potentially obtain a sensory-mo-
tor blockade similar to that of the ISB as it benefited from the 
consistent cephalad spread of the LA. Consequently, we designed 
this study as a non-inferiority trial and hypothesized that for ar-
throscopic shoulder surgery, the CCB would result in block char-
acteristics of the SSN and success rates of sensory and/or motor 
blockades of the important nerves innervating the shoulder joint 
over time similar to those of the conventional ISB, while reducing 
the risk of HDP. 

Materials and Methods 

Study design and setting 

This trial was approved by the Ethics Committee of the First 
Affiliated Hospital of Guangzhou University of Chinese Medicine 
(No. JY-2020-213) and prospectively registered in the China Clin-
ical Trial Registry on December 11, 2020 (No. ChiCTR2000040 
841). This study was also conducted in accordance with the ethi-
cal principles of the Helsinki Declaration 2013. After providing 
written informed consent, 212 patients were enrolled and sched-
uled for elective unilateral arthroscopic shoulder surgery between 
December 14, 2020, and December 30, 2021. The patients were 
aged between 18 and 75 years and had American Society of Anes-
thesiologists (ASA) physical status scores of I, II, or III. The exclu-
sion criteria were as follows: refusal to participate, pre-existing 
moderate-severe pulmonary disease (obstructive or restrictive), 
pre-existing neuropathy of the operative limb, infraspinatus mus-
cle injury, coagulopathy, hepatic failure (Child-Turcotte-Pugh 
score >  9) or renal failure (creatinine ≥  2 mg/dl or peritoneal di-
alysis or hemodialysis), infection at the puncture site, hypersensi-
tivity or allergy to LA, body mass index >  35 kg/m2, pregnancy, 
inability to communicate or cooperate, anticipated difficult air-
way, or chronic pain condition. 

The study was conducted at our day surgery center using a ran-
domized, controlled, parallel-group design based on the 2010 
Consolidated Standards of Reporting Trials (CONSORT) guide-
lines. After enrollment, the participants were randomly allocated 
to either the control group (ISB group, n =  106) or experimental 
group (CCB group, n =  106) at a 1 : 1 ratio by computer-generat-
ed simple randomization. On the day of surgery, a previously pre-
pared and sealed opaque envelope containing the random group 
assignment was opened by a research assistant who was not in-
volved in this study. The group allocation was then conveyed to 
the block practitioner before block performance. To eliminate 
performance bias, all blocks were performed by experienced re-
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gional anesthesiologists. All anesthesiologists in charge of intra-
operative anesthesia management, outcome assessors, patients, 
and follow-up personnel were blinded to group allocation. 

Ultrasound-guided procedures 

None of the patients received any premedication. After entering 
the dedicated block room, the patients were connected to standard 
ASA monitors, which included noninvasive cuff blood pressure, 
pulse oxygen saturation, and 5-lead electrocardiography measure-
ments. An 18-gauge or 20-gauge intravenous (IV) cannula for fluid 
infusion was placed in the contralateral forearm, and premedica-
tion (IV midazolam 2 mg and IV fentanyl 0.5 µg/kg) was adminis-
tered for anxiolytic effect before the block procedure. After steriliz-
ing and infiltrating the skin with 2% lidocaine (2–3 ml), the nerve 
block was performed according to group allocation using a porta-
ble ultrasound machine (SonoSite M-turbo, SonoSite, Inc., USA) 
with a 6–15 MHz high-frequency linear array transducer and a 
22-gauge, 80-mm insulated stimulating needle (B. Braun Melsun-
gen AG, Germany). 

The ultrasound-guided ISB was performed according to the 
technique described by Kang et al. [18] after a satisfactory image 
of the C5 and C6 nerve roots (hypoechoic ellipse or circle) in the 
short axis in the interscalene region was obtained. The needle was 
advanced using the in-plane technique to the ultrasound beam in 
a lateral-to-medial direction through the middle scalene muscle 
under real-time ultrasound imaging. The targeted needle tip was 
positioned immediately lateral to the brachial plexus sheath and 
between the C5 and C6 nerve roots, where 20 ml of 0.5% ropiva-
caine was injected incrementally. 

For the CCB, the needling technique was performed according 
to the method described by Aliste et al. [10]. The patients were 
placed in the supine position with the surgical limb at 90° of ab-
duction. The ultrasound transducer was initially placed directly 
on top of the middle third of the clavicle, and then the probe was 
moved on the inferior border of the clavicle and towards the me-
dial infraclavicular fossa in the medial-to-lateral direction. Once 
the three cords of the brachial plexus and axillary artery were 
identified at the costoclavicular space along the short axis, the op-
erator accurately oriented the needle tip to the center of the three 
cords using the in-plane technique and advanced in the later-
al-to-medial direction. After negative aspiration, 20 ml of 0.5% 
ropivacaine was injected in divided doses. Finally, all the patients 
in both groups received an ultrasound-guided ipsilateral supracla-
vicular nerve block with 3 ml of 0.5% ropivacaine immediately, 
according to the method described by Maybin et al. [19]. 

After undergoing a post-block assessment, all patients were 

transferred to the operating room where they were placed in the 
lateral decubitus position (operative side up) and underwent 
monitored anesthesia care (MAC) with Narcotrend monitoring. 
In the event that the block failed, rescue measures, including sup-
plemental narcotics (e.g., 25 μg IV fentanyl boluses), rescue 
blocks, infiltration of LA, or conversion to GA, were performed 
according to the treating anesthesiologists’ discretion. Oxygen 
supplementation (pure oxygen) was administered through a face 
mask at a gas flow rate of 4 L/min. A single bolus dose of 0.5–1.5 
mg/kg IV propofol over 10 min was administered to achieve a 
targeted Ramsay sedation scale (RSS) score of 3 (response to com-
mand). A supplementary bolus dose of 0.2 mg/kg IV propofol was 
administrated intermittently until the RSS reached level 3, after 
which a continuous IV infusion of 1.0–2.5 mg/kg/h propofol was 
administered to achieve a moderate level of sedation, as assessed 
by the Narcotrend index (C0–C2) during surgery. Titrated seda-
tion with propofol and vasopressors (as needed) was used to 
maintain the heart rate and mean arterial blood pressure within 
20% of baseline measurements during surgery. 

After surgery, propofol was discontinued and the patients were 
transferred to the post-anesthesia care unit (PACU). The severity 
of postoperative pain was assessed by the nurses using a 10-point 
numerical rating scale (NRS: 0 =  no pain, 10 =  worst imaginable 
pain) at 15-min intervals. Patients with an NRS score >  4 received 
2 mg IV morphine every 10–15 min until they were comfortable 
(NRS <  4). All patients received 200 mg oral celecoxib every 12 h 
supplemented with 2 mg IV morphine every 30 min as needed on 
the surgical ward until the NRS score was <  4 and were required 
to stay in the hospital for 2 to 3 days. If PONV occurred, the pa-
tient was treated with IV tropisetron (4.48 mg) and IV metoclopr-
amide (10 mg). 

Primary outcomes 

After block completion, the sensorimotor blockade was evalu-
ated every 5 min for 30 min by a blinded investigator. The motor 
blockade was evaluated using shoulder abduction of the axillary 
nerve with a validated 3-point scale: 0 =  no block, 1 =  paresis, 
and 2 =  paralysis. The external rotation lag sign (ERLS) test [20] 
modified to the lateral position based on Aliste et al.’s study [21] 
was used to evaluate the motor blockade of the SSN. Pre-block as-
sessments with the ERLS test were performed for all patients, and 
infraspinatus muscle strength was assessed to evaluate SSN motor 
function. Quantification of the evaluation results was also based 
on a 3-point scale: 0 =  no block, normal pre-block ERLS test re-
sults; 1 =  paresis, patient could hold position against gravity but 
could not sustain external resistance; and 2 =  paralysis, patient 
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was completely unable to hold position against gravity. Similarly, 
the sensory blockade was evaluated in the cutaneous area overly-
ing the clavicle for the supraclavicular nerve and lateral surface of 
the deltoid for the axillary nerve. Each territory was also graded 
on a 3-point scale using the pinprick test [18]: 0 =  normal, 1 =  
loss of sensation to pinprick, and 2 =  loss of sensation to light 
touch. A score of 2 points indicated complete sensory or motor 
blockade of each innervated nerve. The primary outcome was the 
proportion of patients with complete motor blockade of the SSN 
20 min after the injection. The maximal composite score of the 
sensory score (axillary and supraclavicular nerves) and motor 
score (suprascapular and axillary nerves) was eight points. A min-
imal composite score of 7 points was considered satisfactory sen-
sory-motor blockade. 

Diaphragmatic excursion was measured in M-mode before the 
nerve block and 35 min after injection, as described by Boussuges 
et al. [22] and Renes et al. [23], respectively. When patients in-
haled rapidly through their nose (sniff) in the supine position, 
they were scanned along the anterior axillary line at the level of 
the costal margin with the cranial angle of the probe. A ≥  75% re-
duction in diaphragmatic excursion (complete) or paradoxical 
movement was defined as HDP, a 25%–75% reduction was de-
fined as partial diaphragmatic paralysis, and a <  25% reduction 
was defined as absent diaphragmatic paralysis. 

Secondary outcomes 

The secondary outcomes were as follows. The performance 
time was defined as the interval from the moment that the ultra-
sound probe contacted the skin until the moment the needle was 
fully removed after injection. The skin around the superior, ante-
rior, lateral, and posterior incisions for arthroscopic shoulder sur-
gery was tested for anesthesia using forceps at 40 min. Successful 
surgical anesthesia was defined as no movement in response to 
the skin incision, insertion of the blunt trocar, and subsequent in-
tra-articular manipulation. The research assistants also recorded 
demographic data, including type of surgery; surgical duration 
(defined as the interval from skin incision to closure); propofol 
consumption; and block-related complications including vascular 
puncture, pneumothorax, LA toxicity, Horner’s syndrome, hoarse 
voice, dyspnea, and hypoxemia (≤  92%) during surgery. In addi-
tion, pain scores at rest at 12 and 24 h post-operation were evalu-
ated using the NRS. Patient satisfaction with the anesthesia meth-
od was graded on a 5-point scale: 1 =  very dissatisfied, 2 =  dis-
satisfied, 3 =  neutral, 4 =  satisfied, 5 =  very satisfied, and as-
sessed at 24 h post-operation. The duration of the sensory block-
ade was defined as the interval between block completion and the 

patient reporting that the affected limb felt normal compared with 
the contralateral limb. The duration of the motor blockade was 
defined as the interval between block completion and a return to 
pre-surgical hand grip strength. Any symptoms suggestive of 
nerve injury, such as persistent paresthesia or weakness in the up-
per limb, were recorded during the follow-up telephone call 7 
days after surgery. 

Sample size calculation and statistical analysis 

We expected that a satisfactory percentage of patients receiving 
CCBs would have complete motor blockade of the SSN along with 
a reduction in the incidence of HDP. However, no data for CCBs 
were available regarding these variables. Therefore, we conducted 
a pilot study with 15 patients per group, none of which were in-
cluded in this study. The proportion of patients with complete 
motor blockade of the SSN was 93.3% (14/15, CCB) vs. 86.7% 
(13/15, ISB) at 20 min after injection, and the incidence of com-
plete and partial HDP was 0% vs. 100% for the CCB and ISB 
groups at 35 min after injection, respectively. We assumed that a 
difference in the proportion with complete motor blockade of the 
SSN between groups of less than –5% was considered non-inferi-
or. We calculated a sample size of 104 patients per group to pro-
vide a statistical power of 0.80 and a one-sided 97.5% CI. Howev-
er, for HDP, fewer than 10 patients were needed to account for a 
superiority test. Finally, we recruited 232 patients to account for a 
possible 10% dropout rate, based on non-inferiority study designs. 

Statistical analyses were performed using SPSS for Windows 
21.0 (SPSS Inc., USA). Normality of the data was verified using 
the Kolmogorov-Smirnov test. Continuous variables were de-
scribed as the mean ±  SD or median (Q1, Q3), as appropriate, 
and categorical variables were described as the number (percent-
age). Continuous parametric and non-parametric data were ana-
lyzed using the independent samples t-test and Mann-Whitney U 
test, respectively. Categorical and dichotomous data were com-
pared using the chi-square test or Fisher’s exact test, as appropri-
ate. Statistical significance was set at P <  0.05. 

Results 

A total of 232 patients were recruited for our study between 
December 2020 and December 2021, 20 of which were excluded 
because they did not meet the inclusion criteria, they refused to 
participate, or the surgical procedure was changed (Fig. 1). In to-
tal, 212 patients (106 in each group) completed the study and 
were included in the final analysis. Patient and surgical character-
istics were comparable between the groups (Table 1). 
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The ISB and CCB were successfully performed in both groups. 
For the primary outcome, 66% of patients in the ISB group vs. 
53% in the CCB group had complete motor blockade of the SSN 
(P =  0.069) 20 min after injection (Fig. 2A). The absolute differ-
ence between the groups was 13% (95% CI [0, 0.26]), which ex-
ceeded the predefined non-inferiority margin of –5%. In addition, 
the CCB resulted in a lower incidence of HDP at 35 min after in-
jection, with 0 vs. 70 (66%) patients developing complete HDP, 8 
(7.5%) vs. 28 (26.4%) developing partial HDP, and 98 (92.5%) vs. 
8 (7.5%) developing no HDP in the CCB and ISB groups, respec-
tively (P <  0.001) (Fig. 2B).  

Details regarding the characteristics of the sensorimotor block-
ade after the nerve block are presented in Figs. 2 and 3. Signifi-
cantly more patients had complete motor blockade of the SSN at 
25 min (ISB 85% vs. CCB 73%, P =  0.043). However, no differ-
ences were found during the first 20 or 30 min (Fig. 2A). The ISB 
group had a higher proportion of patients with complete sensory 
function of the axillary nerve at 20 min (100% vs. 94%, P =  
0.029) and motor blockade at 15 min (57% vs. 38%, P =  0.009). 
However, no differences in the other measurement intervals were 
found between the groups (Figs. 3A and B). During the first 30 
min, the proportion of patients with a complete sensory blockade 
of the supraclavicular nerve at all measurement intervals was 

Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram of patient selection. ISB: interscalene block, CCB: costoclavicular 
block.

Table 1. Patients and Surgical Characteristics

Index ISB group 
(n =  106)

CCB group 
(n =  106) P value

Age (yr) 53.18 ±  12.11 54.31 ±  11.53 0.489
Sex 0.488
 Male 48 (45.3) 43 (40.6)
 Female 58 (54.7) 63 (59.4)
BMI (kg/m2) 23.95 ±  2.84 23.31 ±  2.83 0.103
ASA physical status 0.837
 I 41 (38.7) 45 (42.5)
 II 59 (55.6) 56 (52.8)
 III 6 (5.7) 5 (4.7)
Side of surgery 0.701
 Right 61 (57.5) 66 (62.3)
 Left 45 (42.5) 40 (37.7)
Type of surgery 0.690
 Rotator cuff repair 42 (39.6) 37 (34.9)
 Acromioplasty 28 (26.4) 30 (28.3)
 Bankart repair 21 (19.8) 27 (25.5)
 Tenodesis 15 (14.2) 12 (11.3)
Duration of surgery (min) 102.31 ±  16.84 104.08 ±  13.05 0.392
Values are presented as mean ± SD or number (%). ISB: interscalene 
block, CCB: costoclavicular block, BMI: body mass index, ASA: 
American Society of Anesthesiologists.

Assessed for eligibility 
(n = 232)

Allocated to ISB group (n = 106)
• Fail to perform the ISB (n = 0)

Lost to follow-up (n = 0)

Analyzed (n = 106)
• Excluded from analysis (n = 0)

Allocated to CCB group (n = 106)
• Fail to perform the CCB (n = 0)

Lost to follow-up (n = 0)

Excluded (n = 20)
• Not meeting inclusion criteria (n = 7)
• Patient refusal (n = 6)
• Open conversion (n = 7)

Analyzed (n = 106)
• Excluded from analysis (n = 0)

Enrollment

Follow-up

Analysis

Allocation

Randomized
(n = 212)
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Fig. 2. Diagrams show the block characteristics of the SSN and HDP. (A) Percentage of patients with complete motor blockade (score of 2 points) 
of the SSN at 5-min intervals. (B) Percentage of patients with HDP (complete/partial/absent) at 35 min after injection. SSN: suprascapular nerve, 
HDP: hemidiaphragmatic paralysis, ISB: interscalene block, CCB: costoclavicular block.

Fig. 3. Diagrams show the block characteristics of the axillary, supraclavicular nerve, and sensory-motor blockade. (A, B) Percentage of patients 
with complete sensory or motor blockade of the axillary nerve. (C) Percentage of patients with complete sensory blockade of the supraclavicular 
nerve. (D) Percentage of patients with complete sensory-motor blockade (a minimal composite score of 7 points) over time. The sensory and/or 
motor blockade was evaluated every 5 min for 30 min. ISB: interscalene block, CCB: costoclavicular block.
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comparable between the two groups (all P >  0.05) (Fig. 3C). Ad-
ditionally, the two groups had a comparable proportion of patients 
with complete sensory-motor blockade, meaning a minimal com-
posite score of 7 points from the three nerves (axillary and supra-
clavicular nerves and SSN) (Fig. 3D). 

The block-related and perioperative outcomes between the 
groups are shown in Table 2. The performance time was slightly 
longer in the CCB group than in the ISB group (P =  0.047). None 
of the patients in either group had a failed block, developed hy-
poxemia, or required a rescue block or conversion to GA. Statisti-
cally significant differences were seen between the groups in 
terms of the incidence of Horner’s syndrome and dyspnea (all P <  
0.05) but not in terms of hoarse voice. The duration of the sensory 
or motor blockade, incidence of rescue analgesics, propofol con-
sumption, NRS score 12 and 24 h post-operation, PONV within 
24 h, and patient satisfaction score were similar between the 
groups. No neurological deficits were noted at the follow-up 7 
days after surgery. 

Discussion 

The ISB is recognized as an effective anesthetic and analgesic 
for shoulder surgery, but it impairs diaphragmatic function to 

varying degrees [1,9]. At the level of the cords, the axillary and 
subscapular nerves arise from the posterior cord, while the lateral 
pectoral nerve arises from the lateral cord [24]. The CCB is per-
formed in the costoclavicular space where these three cords are 
tightly clustered together, allowing for a single injection to provide 
a complete constant blockade of the three cords [25]. However, 
whether the CCB could be used as an alternative approach to the 
ISB to block the SSN was not fully clear [15,21]. The SSN and ax-
illary nerves provide major sensorimotor innervation of the 
shoulder, as the former arises from the upper trunk of the brachial 
plexus and starts to diverge at the proximal supraclavicular region 
[24,26,27]. We failed to demonstrate the non-inferiority of the 
CCB compared to the ISB in terms of complete motor blockade of 
the SSN 20 min after injection. However, the proportion of pa-
tients with complete motor blockade of the SSN at 30 min was 
comparable between the groups. In a study by Koyyalamudi et al. 
[12], a single cadaveric injection in the costoclavicular space 
showed that the dye consistently spread cephalad and stained the 
SSN and all three cords while sparing the phrenic nerve. In a clin-
ical study, a single-injection CCB provided an analgesic effect 
equivalent to that of the ISB for shoulder surgery [10]. Further-
more, a retrograde channel between the costoclavicular and su-
praclavicular spaces likely facilitated the cephalad spread of LA, as 

Table 2. Block-related and Perioperative Outcomes

Index ISB group (n =  106) CCB group (n =  106) P value
Block-related outcomes

Performance time (s) 346.49 ±  108.60 376.92 ±  113.37 0.047
Horner’s syndrome 20 0 < 0.001
Dyspnea 11 0 0.001
Hoarse voice 5 0 0.060
Surgical anesthesia 106 106 > 0.999
Duration of sensory blockade (min) 557.61 ±  63.62 544.18 ±  44.41 0.076
Duration of motor blockade (min) 450.41 ±  46.37 441.27 ±  37.23 0.115

Intraoperative outcomes
 No. patients with rescue measures 0 0 > 0.999

No. patients with hypoxemia 0 0 > 0.999
(≤  92%)
Propofol consumption (mg) 248.7 ±  53.4 253.3 ±  52.0 0.525

Postoperative outcomes
No. patients with rescue morphine within 12 h/ 

during 12–24 h after surgery
0/8 0/12 0.482

NRS 12 h after surgery 1 (1, 2) 1 (1, 2) 0.293
NRS 24 h after surgery 2 (1, 2) 2 (1, 2) 0.494
PONV within 24 h 20 26 0.405
Satisfaction scores 4 (3, 4) 4 (3, 4) 0.714
Nerve injury 0 0 > 0.999

Values are presented as mean ± SD, number or median (Q1, Q3). ISB: interscalene block, CCB: costoclavicular block, NRS: numeric rating scale, 
PONV: postoperative nausea and vomiting.
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described in a previous study [13]. Therefore, a single-injection 
CCB has considerable potential to achieve blockade of all the im-
portant nerves innervating the shoulder joint and may serve as a 
promising alternative approach to the ISB in arthroscopic shoul-
der surgery. 

The results of our study support the use of the CCB as the sole 
anesthesia technique for arthroscopic shoulder surgery, but fur-
ther careful evaluation of the sensorimotor blockade of the inner-
vated nerves of the shoulder before surgery and anesthetization of 
the skin area innervated by the supraclavicular nerve are neces-
sary. Clinical data on the block characteristics of the SSN blockade 
after a supraclavicular block are not available. However, supracla-
vicular blocks have been used for anesthesia during arthroscopic 
shoulder surgery [9]. In addition, because multiple intraplexus 
septa exist in the supraclavicular fossa, whether the injection tech-
niques will affect the success rate of the SSN blockade requires 
further study. Notably, the rates of complete motor blockade of 
the SSN by the CCB were similar to those by the ISB at all other 
predetermined intervals (except at 25 min) in this study, as well 
as the sensory and/or motor blockade of the axillary and supra-
clavicular nerves at 25–30 min. Given the similarity of the block 
dynamics between the two approaches, including the sensorimo-
tor blockade of the individual nerves and block duration, we be-
lieve that the results of this study show the benefits and safety of 
enhanced recovery after surgery for ambulatory shoulder surgery 
using single-injection CCBs [28]. 

The existence of a paraneural sheath and intraplexus septum 
between the three cords has been reported in both cadavers and 
in vivo [29,30] and are believed to reduce injectate spread to the 
surrounding cords and toward the proximal trajectory of the bra-
chial plexus. The paraneural sheath, visualized as a hyperechoic 
fascial layer surrounding the cords of the brachial plexus, may 
serve as part of the “axillary tunnel” as a conduit for the spread of 
the LA to the supraclavicular space during CCBs [31]. In addi-
tion, an intraplexus septum splits the subparaneural compart-
ment into two fascial compartments [25]. This hyperechoic con-
nective tissue surrounding the brachial plexus is also visualized 
using a classical or intertruncal approach to the supraclavicular 
block [32]. Multipoint injection techniques display a shorter on-
set time in patients undergoing upper limb surgery, but it re-
mains unknown whether the diffusion distance of the LA is in-
fluenced by separate injections in different fascial compartments 
for shoulder surgery [33]. Due to the cephalad spread, distal ap-
proaches to the brachial plexus block seem to be more important 
when applied in shoulder surgery. 

In previous studies [10,12], a single injection of 20 ml of LA 
was slowly administered into the center of the three cords. The 

results of our study were consistent with those of other studies 
that have similarly examined the analgesic effect and rate of 
phrenic nerve paralysis for the CCB. Postoperative pain scores in 
both groups were equivalent within 24 h post-operation. Similar-
ly, the CCB was associated with a significantly lower incidence of 
HDP (absent, 98 vs. 8 patients; partial, 8 vs. 28 patients; complete, 
0 vs. 70 patients). The incidences of Horner’s syndrome and pa-
tient-reported dyspnea were much lower in the CCB group than 
in the ISB group. In contrast to Aliste et al. [10]’s study, none of 
the patients had HDP 30 min after the blocks or in the PACU. 
This difference could be explained by the relatively small sample 
size (22 patients in Aliste et al.’s study vs. 106 patients in our 
study). Moving further caudally (e.g., paracoracoid approach to 
infraclavicular or retroclavicular block) [9,34,35] may further 
lower the risk of HDP, while displaying inferior postoperative an-
algesia compared to the ISB or a higher incidence of an incom-
plete blockade of the suprascapular and/or axillary nerves. As a 
result, potential anatomical causes may explain why the costocla-
vicular space is a suitable location for anesthetizing all innervated 
nerves of the shoulder, while sparing the phrenic nerve. In other 
words, the paraneural sheath and fascial compartments sur-
rounding the cords play a crucial role in the spread of LA, though 
this is a double-edged sword. These connective tissues and all 
three cords are clustered together to form a potential retrograde 
channel, forcing LA to spread around and cephalad. On the other 
hand, increasing the distance between the costoclavicular space 
and the interscalene groove results in a physical barrier that ob-
structs the spread of LA to the phrenic nerve, stellate ganglion, or 
recurrent laryngeal nerve. 

Previous studies have confirmed that for patients undergoing 
arthroscopic shoulder surgery, the ISB has benefits, including 
quicker recovery, opioid sparing effects, intraoperative hemody-
namic variability, improved patient satisfaction, and reduced 
GA-related side effects [1,7]. In recent years, a renewed interest in 
diaphragm-sparing nerve blocks in combination with GA for 
shoulder surgery have surfaced [36]. Different blocks (e.g., axil-
lary, paracoracoid, costoclavicular, and supraclavicular) in addi-
tion to the option of the SSN for perioperative analgesia have been 
proposed, in which proximal approaches (at the level of the clavi-
cle) are more likely to result in analgesic effects similar to those of 
the ISB [37–39]. In a patient with normal anatomy, the shoulder 
receives sensorimotor innervation from the axillary, lateral pecto-
ral, and subscapular nerves. We decided to err on the side of cau-
tion in this study and highlighted motor blockade of the SSN as 
the primary outcome since it is the most difficult for LA spread to 
reach during a CCB [24]. Interestingly, the block dynamics of sin-
gle-injection CCBs were similar to those of ISBs 30 min after in-
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jection. A reliable CCB could anesthetize all of these nerves for 
arthroscopic shoulder surgery while eliminating block-related 
complications to a greater extent. In this study, all patients re-
ceived a single mode brachial plexus block under monitored anes-
thesia care, and none required conversion to GA because of in-
complete blocks or hypoxemia. However, ultrasound-guided 
CCBs are associated with slightly longer performance times. The 
cramped space for adjusting the direction of the needle may con-
tribute to this. Nevertheless, we recommend ultrasound-guided 
CCBs be considered as an alternative approach to the ISB for an-
esthesia in arthroscopic shoulder surgery, especially in patients 
with pre-existing pulmonary pathology. 

This study had some limitations. First, we chose to perform a 
single-injection CCB for surgical anesthesia, which was bold. Al-
though, in theory, it should work as well as an ISB with appropri-
ate sedation and close monitoring, this has yet to be formally 
shown in clinical practice. In addition, we deliberately chose to 
evaluate the sensory and/or motor blockade of the suprascapular 
and axillary nerves because of the important roles they play in 
shoulder joint innervation. A double evaluation of the axillary 
nerve (sensory and motor) was performed to confirm the effect of 
the nerve block at the cord level. All patients were placed in the 
lateral decubitus position during surgery. However, the beach 
chair position may not only cause more intraoperative discomfort 
to the patients but also make achieving a complete and safe intra-
operative block more challenging [40]. Further studies are re-
quired to confirm these findings. Second, we used a total LA vol-
ume of 20 ml in both groups. This volume is likely to be relatively 
high for ultrasound-guided ISBs. A larger LA volume is usually 
associated with HDP, Horner’s syndrome, recurrent laryngeal 
nerve palsy, and superficial cervical plexus block. However, a larg-
er LA volume may shorten the time required for complete motor 
blockade of the SSN with the CCB. Subsequently, a study aimed at 
determining an optimal injectate volume for both approaches 
would help to control the associated bias. Third, we performed a 
single-injection technique between the three cords of the brachial 
plexus. It is unclear whether multiple injection sites within the 
costoclavicular space could influence the spread of the LA, partic-
ularly the persistent blocking effect of the SSN. Future studies are 
needed to evaluate the effect of various injection volumes or mul-
tiple injection techniques in the costoclavicular space on block 
dynamics. Fourth, the blocks were performed by experienced an-
esthesiologists who had extensive experience with CCBs (over 60 
attempts) before this study. This protocol needs to be carried out 
carefully by novices or anyone unfamiliar with the CCB. 

In conclusion, compared with the ISB, we failed to demonstrate 
the non-inferiority of complete motor blockade of the SSN for the 

CCB, but achieved similar block characteristics at 30 min while 
reducing the risk of HDP. Additionally, compared with the sin-
gle-injection ISB, satisfactory surgical anesthesia, a lower inci-
dence of block-related complications, and equally effective anal-
gesia was seen with the CCB. These results demonstrated that ul-
trasound-guided CCBs may be a more appropriate choice for pa-
tients with impaired lung function undergoing arthroscopic 
shoulder surgery. Further trials are required to investigate the op-
timal volume, multiple injection techniques, and continuous cath-
eter analgesia for arthroscopic shoulder surgeries. 
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