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Background: Nerve blocks are commonly used for analgesia following shoulder arthroscopy, but the optimal technique remains
uncertain. This network meta-analysis (NMA) evaluates the effect of peripheral nerve blocks in adults undergoing shoulder
arthroscopy.

Methods: We searched databases including PubMed, Embase, Web of Science, and the Cochrane Library from their inception to
July 2025. Randomized controlled trials (RCTs) to evaluate the effect of peripheral nerve blocks after arthroscopic shoulder surgery
were included. The primary outcome was the pain scores at 6 hours postoperatively.

Results: We included 25 RCTs involving 2039 patients and assessed ten techniques. The Visual Analog Scale (VAS) scores at 6 hours
were lower with suprascapular and axillary nerve blocks (SANB), followed by coracoid approach brachial plexus (CPB) +
suprascapular nerve block (SSB) and supraclavicular brachial plexus block (SCPB). The VAS scores at 12 hours were lower with
erector spinae plane block (ESPB), followed by SANB and infraclavicular-suprascapular blocks (ICSB). The VAS scores at 24 hours
were lower with SANB, followed by upper trunk block (UTB) and CPB + SSB. The morphine consumption within 24 hours was
significantly reduced by UTB, followed by SSB and SCPB. For hemidiaphragmatic paralysis (HDP), ICSB had the lowest incidence
(0%), followed by CPB+SSB (21.7%) and SCPB (29.5%). For hoarseness, ICSB and SSB had the lowest incidence (0%), followed by
UTB (4.8%). For Horner’s syndrome, ICSB and SSB had the lowest incidence (0%), followed by UTB (5.7%). For motor block, SSB
had the lowest incidence (1.2%). For postoperative nausea and vomiting (PONV), ESPB had the lowest incidence (9.4%), followed by
SSB (15.4%) and SANB (14.3%).

Limitation: The included studies have differences in local anesthetic agents and postoperative analgesic regimen, which may affect
the generalizability of the findings. Our NMA did not include continuous nerve block which have also been shown to provide
significant analgesic benefits. There was a lack of data on long-term analgesia and functional outcomes.

Conclusion: The SANB was more likely to improve pain scores within 24 hours and reduce the incidence of PONV, HDP,
hoarseness, and Horner’s syndrome. The SSB was proven to have the weakest analgesic effect.
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Introduction

Shoulder pathologies are increasingly prevalent, particularly among the aging population and active individuals, with the
incidence of rotator cuff tears, impingement syndrome, and shoulder instability rising steadily." These conditions often
impair shoulder function and significantly affect quality of life." Arthroscopic shoulder surgery has become the mainstay
treatment due to its minimally invasive approach, offering effective management of various shoulder disorders.”
However, postoperative pain remains a common and challenging issue, originating primarily from extensive soft tissue
manipulation, joint capsule stretching, and nerve irritation during arthroscopy.’ This pain not only hampers early
mobilization but also predisposes patients to adverse outcomes such as increased risk of thromboembolic events,
prolonged hospitalization, elevated healthcare costs, disrupted sleep, and delayed rehabilitation.” Consequently, effective
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perioperative pain management is essential, as it can reduce medical expenses, promote early functional recovery, prevent
complications, and facilitate a smoother transition to daily activities.*

Currently, the primary strategies for managing postoperative shoulder pain include systemic intravenous
analgesia and regional analgesic techniques. Opioid-based intravenous analgesia continues to be widely employed
due to its potent analgesic properties; however, its associated adverse effects—such as respiratory depression,
nausea, constipation, sedation, and the risk of dependence—pose significant barriers to rapid recovery.’
Consequently, the Anesthesiologists’ Association advocates for the implementation of multimodal analgesia
protocols to address these challenges, with regional nerve blockade techniques serving as the fundamental
component of this comprehensive approach.®’ The interscalene brachial plexus block (ISPB) is often regarded
as the gold standard owing to its high analgesic efficacy.® However, concerns regarding its associated adverse
effects—such as hemidiaphragmatic paralysis (HDP),” Horner’s syndrome,'® and nerve injury''—have prompted
interest in alternative techniques such as suprascapular nerve block (SSB),'? axillary nerve block (ANB),"? and
others. Among these, SSB and ANB might represent the optimal choice for patients with severe respiratory
compromise, given their complete avoidance of HDP. Nevertheless, whether they can serve as effective substitutes
for ISPB remains to be conclusively demonstrated, with further high-quality evidence needed to establish their
efficacy and safety.

Unlike traditional pairwise meta-analysis, which is confined to direct comparisons between two interventions,
network meta-analysis (NMA) enables the simultaneous comparison of multiple interventions by combining direct and
indirect evidence within a coherent analytical framework. This approach not only preserves within-trial randomization
but also allows for the ranking of interventions based on their efficacy or safety, thereby providing a more comprehensive
evidence base for clinical decision-making. The NMA aims to synthesize current evidence from randomized controlled
trials (RCTs) to compare the postoperative analgesic efficacy and complication rates associated with various nerve blocks
in arthroscopic shoulder procedures. Through this analysis, we seek to identify the most effective and safest nerve block
strategies, thereby informing clinical decision-making and improving postoperative outcomes for patients undergoing
shoulder arthroscopy.

Methods
The NMA followed the PRISMA guidelines for Network Meta-Analyses.'* The protocol was preregistered and published
in the International Prospective Register of Systematic Reviews (CRD420251074318). The NMA began in July 2025.

Eligibility Criteria
The inclusion criteria based on PICOS principles: adult patients undergoing arthroscopic shoulder surgery (P); peripheral
nerve blocks included single-injection erector spinae plane block (ESPB), costoclavicular block (CCB), upper trunk
block (UTB), coracoid approach brachial plexus (CPB), supraclavicular brachial plexus block (SCPB), intermediate
cervical plexus block (ICPB), infraclavicular-suprascapular blocks (ICSB), SANB, ISPB, SSB, and others (I); one of the
peripheral nerve blocks, placebo or no block (C); postoperative resting pain scores, morphine consumption within 24 h,
HDP, hoarseness, Horner’s syndrome, motor block, postoperative nausea and vomiting (PONV) (O); randomized
controlled trials (RCTs) (S).

The exclusion criteria included: (1) the study presented data that was unsuitable for statistical analysis; (2)
unpublished studies and crossover randomized trials; (3) studies with duplicate data were identified, and those with
incomplete data were excluded.

Study Selection
Databases including PubMed, Embase, Web of Science, and the Cochrane Library were searched from their inception to
July 2025, focusing on studies published in English. The search strategy involved combining keywords and MeSH terms

such as “arthroscopic”, “arthroscopy”, “shoulder”, “block”, “analgesia”, and “pain” using Boolean operators (AND, OR)
to link the terms.
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Data Extraction

Two separate reviewers initially evaluated the titles and abstracts of the selected articles. The full texts were then
reviewed for inclusion criteria, with any disagreements resolved through discussion with a third reviewer. For data
extraction, two independent reviewers collected information from the eligible studies, and a third reviewer verified the
accuracy of the extracted data. The data collected included study details, interventions implemented, and outcome
measures, all using a predefined standardized form.

Quality Assessment

The quality of the included studies was appraised with the Cochrane Collaboration Risk of Bias Tool, examining various
domains such as selection bias, performance bias, detection bias, attrition bias, reporting bias, and other potential sources
of bias."> The overall certainty of evidence for each outcome was then graded using the GRADE (Grading of
Recommendations Assessment, Development, and Evaluation) system.](’

Statistical Analysis

We employed the statistical framework established in our prior work.'” The NMA was performed using STATA 15.1
software, applying a frequentist framework with random effects to account for variability across studies. Risk of bias was
evaluated using the Confidence in Network Meta-Analysis (CINeMA) 2.0.0 tool.'® For all relevant comparisons, we
calculated relative risks (RR) and mean differences (MD) with 95% confidence intervals (CIs). Pain scores were
standardized to a 0—10 visual analogue scale (VAS), and postoperative opioid consumption was converted to intravenous
morphine equivalent doses.'” Data reported as medians and interquartile ranges were transformed into means and
standard deviations using the validated Luo’s and Wan’s formulas.”’*' Network maps provided visual summaries of
the relationships between interventions, while forest plots illustrated study outcomes and global heterogeneity. Netleague
tables summarized the relative effectiveness of each intervention. Surface Under the Cumulative Ranking Curve
(SUCRA) was used to estimate their ranking probabilities, where a lower value indicated better clinical outcome.
Publication bias was examined with funnel plot, and local inconsistency within the network was assessed through the
node-splitting method. In cases of heterogeneity, sensitivity and subgroup analyses were conducted to explore potential
sources. A p-value of less than 0.05 was considered statistically significant in all analyses.

Results

Study Selection and Characteristics

This NMA included 25 RCTs involving a total of 2,039 patients and covering ten types of nerve blocks.”> *® The study
selection process was illustrated in Figure 1. Table 1 summarized the characteristics of all included studies. The primary
outcome was reported in 11 RCTs. Among the interventions, ISPB was the most frequently used, followed by SSB and
SCPB.

Resting VAS at 6 h

The analysis included 10 studies with a total of 1,240 patients. Figure 2 illustrated the interventions assessed and their
interrelationships. Figure 3 indicated that there was no significant global heterogeneity. Figure 4 showed that there was
no evident publication bias. Figure 5 presented the risk of bias assessment. Table 2 highlighted a high risk of
inconsistency between ISPB vs. SANB and SANB vs. SSB. Table 3 compared the relative effectiveness of seven
different interventions. Figure 6 revealed that SANB had the lowest SUCRA value at 13.6, followed by CPB+SSB (26.4),
SCPB (27.8), ICSB (48.7), SSB (56.4), ISPB (61.6), and ESPB (66.2), reflecting their respective rankings.

Resting VAS at 12 h

The analysis included 10 studies with a total of 627 patients. The result was shown in Section 1, Supplementary material.

The network map displayed 8 interventions. The network forest plot indicated a high risk of global heterogeneity. The
result of node-splitting showed that Control vs. ESPB, Control vs. ISPB, Control vs. SSB, ESPB vs. SSB, and ISPB vs.
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Figure | PRISMA flow diagram of study selection.

SSB had a high risk of inconsistency. The ranking showed that ESPB had the lowest SUCRA value (3.4), followed
closely by SANB (13.2), ICSB (39.7), SSB (50.6), CPB+SSB (59.8), SCPB (60.2), CCB (62.0), ISPB (62.1).

Resting VAS at 24 h

The analysis included 13 studies with a total of 1042 patients. The result was shown in Section 2, Supplementary
material. The network map displayed 9 interventions. The network forest plot did not show any global heterogeneity. The
result of node-splitting did not show any significant inconsistency. The ranking showed that SANB had the lowest
SUCRA value (2.2), followed closely by UTB (26.6), CPB+SSB (30.7), SCPB (39.0), SSB (41.7), ICSB (46.3), CCB
(68.0), ISPB (70.0), ESPB (84.6).

Morphine Consumption Within 24 h
The analysis included 10 studies with a total of 769 patients. The result was shown in Section 3, Supplementary material.
The network map displayed 8 interventions. The network forest plot indicated a high risk of global heterogeneity. The
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Table | Study Characteristics of Included Studies

Study Country | Blinding | Technique of Postoperative Comparison (n) Outcomes
Nerve Block Analgesic Regimen
Aksu 20152 Turkey 2 U IV morphine and IM ISPB(20): C5/6 roots, 20 mL 0.25% bupivacaine | (1),(2),(3),(4),
dexketoprofen trometamol Control(20): no block (7),(8),(9)
Pitombo 2013% Brazil 2 N IV morphine ISPB(34): 30 mL 0.33% levobupivacaine with (8),(9)
adrenalin 1:200,000
SANB(34): 30 mL 0.33% levobupivacaine with
adrenalin 1:200,000
Jo 2022* Korea 2 U A fentanyl PCIA ISPB(34): C5/6 roots, 20 mL 0.5% ropivacaine (5)
CCB(31): 20 mL 0.5% ropivacaine
Petroff 2020%° Germany 2 U Oxycodone, ibuprofen and ISPB(24): C5/6 roots, 10 mL 1% ropivacaine (6),(7),(9)
tilidine SSB(24): 10 mL 1% ropivacaine
Jo 2024%¢ Korea 2 U A fentanyl PCIA UTB(34): 5 mL 0.75% ropivacaine (5),(9)
ISPB(36): C5/6 roots, 5 mL 0.75% ropivacaine
Ryu 2015% Korea 2 U/N NR ISPB(47): 12.5 mL 1% mepivacaine and 12.5 mL 6),(7)
0.75% ropivacaine
SCPB(46): 12.5 mL 1% mepivacaine and
12.5 mL 0.75% ropivacaine
Al-Kaisy 1988% Canada 2 N A morphine PCIA ISPB(I5): 10 mL 0.125% bupivacaine with )
epinephrine 1:400,000
Control(15): 10 mL NS
Abdallah 2020% Canada 2 U IV fentanyl ISPB(69): C5/6 roots, 15mL 0.5% ropivacaine (1),(2),(3),(4),
with epinephrine 1:200,000 )
SSB(67): 15mL 0.5% ropivacaine with
epinephrine 1:200,000
Han 2023% China 2 U IV sufentanil and ISPB(31): C3/4/5 roots, 10 mL 0.5% 6),(7)
flurbiprofen axetil ropivacaine
ISPB + ICPB(31): C5 root, 20 mL 0.5%
ropivacaine
Aliste 2018°' Canada 2 U A morphine PCIA ISPB(22): 20 mL 0.5% levobupivacaine and 5 (4),(5),(6),(7),
ug/mL epinephrine )
SCPB(22): 20 mL 0.5% levobupivacaine and 5
ug/mL epinephrine
Kim 2019%2 USA 2 U NR ISPB(63): C56 roots, 15mL 0.5% bupivacaine (3),(4),(5),(6),
UTB(63): I5mL 0.5% bupivacaine )8)
Abdelhaleem 2022% Egypt 2 U IV morphine ESPB(32): 30 mL 0.25% bupivacaine and (1),(2),(3),(4),
epinephrine 5 ug/mL )
SSB(32): 10 mL 0.25% bupivacaine and
epinephrine 5 ug/mL
Control(32): no block
He 2025%* China 2 U A sufentanil PCIA SCPB(22):25 mL 0.3% ropivacaine (1,(2),(3),(5),
CPB+SSB(23): 25 mL 0.3% ropivacaine ©)
Kang 2019°* Canada 2 U A fentanyl PCIA ISPB(40): C5/6 roots, 15mL 0.5% ropivacaine (4),(5),(8)
and 5 ug/mL epinephrine
UTB(38): 15mL 0.5% ropivacaine and 5 ug/mL
epinephrine
Auyong 20183 USA 2 U IV fentanyl ISPB(63): 15 mL 0.5% ropivacaine (3),(6),(7),(9)
SCPB(63): 15 mL 0.5% ropivacaine
SSB(63): 15 mL 0.5% ropivacaine
Lee 2021% Korea 2 U IV fentanyl ISPB(24): C5/6 roots, 10 mL 2% lidocaine and (5),(6)
10 mL 0.75% ropivacaine
UTB(24): 10 mL 2% lidocaine and 10 mL 0.75%
ropivacaine
Wiegel 201738 Germany 2 U Oral ibuprofen SSB(164): 10 mL 1% ropivacaine (6),(7),(8)
UTB(165): 20 mL 0.75% ropivacaine
Dhir 2016°° Canada 2 U Ketorolac, acetaminophen, SANB(29): 30 mL 0.5% ropivacaine (1),(3),(8),(9)
and opioids ISPB(30): C6 root, 20 mL 0.5% ropivacaine
(Continued)
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Table 1 (Continued).

SSB(21): 10 mL 0.75% ropivacaine

Study Country | Blinding | Technique of Postoperative Comparison (n) Outcomes
Nerve Block Analgesic Regimen
Cabaton 2019* France | U Oral morphine SCPB(52): 20 mL 0.5% levobupivacaine and 3),4)
I mg/kg clonidine
ISPB(51): Cé root, 20 mL 0.5% levobupivacaine
and | mg/kg clonidine
Aliste 2017 Chile 2 U A morphine PCIA ICSB(20): 30 mL of levobupivacaine 0.25% and | (1),(2),(3),(4),
Sug/mL epinephrine (5),(6),(7),(9)
ISPB(20): C5/6/7 roots, 20 mL of
levobupivacaine 0.25% and 5ug/mL epinephrine
Liu 2017% China NR U IV tramadol ISPB(31): 15 mL 2% lidocaine and 15 mL 2% 1,(2)
levobupivacaine
Control(31): 30 mL normal saline
Karaman 2019* Turkey 2 U IV tramadol ISPB(31): 20 mL 0.25% bupivacaine (1),(2),(3),(6),
SCPB(29): 20 mL 0.25% bupivacaine @
Lim 2020* Singapore | U IV oxycodone ISPB(20): C5/6 roots, 15 mL 0.5% ropivacaine (1,(2).(3),(4),
SSB(20): 15 mL 0.5% ropivacaine (6).(7).9)
Lee 2025* Korea | U A fentanyl PCIA ISPB(32): C5/6 roots, 10 mL 0.2% ropivacaine (2),(3),(4),(5)
+ 5 ug/mL epinephrine
CCB(34): 20 mL 0.2% ropivacaine + 5 ug/mL
epinephrine
Lee 2014% Korea 2 U A fentanyl PCIA SANB(21): 20 mL 0.75% ropivacaine (1),(2),(3),(9)

Notes: (I) Resting VAS at 6 h. (2) Resting VAS at 12 h. (3) Resting VAS at 24 h. (4) Morphine consumption within 24 h. (5) Hemidiaphragmatic paralysis. (6) Hoarseness. (7)

Horner’s syndrome. (8) Motor block. (9) Postoperative nausea and vomiting (PONYV).

Abbreviations: NR, Not report; U, Ultrasound-guided; N, Neurostimulator; ESPB, Erector spinae plane block; CCB, Costoclavicular block; SANB, Suprascapular and
Axillary Nerve Blocks; SSB, Suprascapular nerve block; UTB, Upper trunk block; CPB, Coracoid approach brachial plexus; ISPB, Interscalene brachial plexus block; SCPB,
Supraclavicular brachial plexus block; ICPB, Intermediate cervical plexus block; ICSB, Infraclavicular-suprascapular blocks; 1V, intravenous; PCIA, patient-controlled
intravenous analgesia.

result of node-splitting showed that Control vs. ESPB, Control vs. ISPB, Control vs. SSB, ESPB vs. SSB, and ISPB vs.
SSB had a high risk of inconsistency. The ranking showed that UTB had the lowest SUCRA value (17.1), followed
closely by SSB (20.3), SCPB (28), CCB (39), ISPB (40.7), ICSB (69.4), ESPB (85.5).

Figure 2 Network map of resting VAS at 6 h. ESPB, Erector spinae plane block. SANB, Suprascapular and Axillary Nerve Blocks. SSB, Suprascapular nerve block. CPB,

CPB+SSB

ISPB

SANB

Coracoid approach brachial plexus. ISPB, Interscalene brachial plexus block. SCPB, Supraclavicular brachial plexus block. ICSB, Infraclavicular-suprascapular blocks.
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Figure 3 Network forest plot of resting VAS at 6 h.
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Figure 4 Funnel plot of resting VAS at 6 h.
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HDP

The analysis included 9 studies with a total of 582 patients. The result was shown in Section 4, Supplementary material.

The network map displayed 6 interventions. The network forest plot did not show any global heterogeneity. The result of
node-splitting did not show any significant inconsistency. The ranking showed that ICSB had the lowest SUCRA value
(22.6), followed closely by CPB+SSB (28.1), SCPB (41.7), CCB (48.2), UTB (64.8), ISPB (94.6).
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Table 2 Exploration of Inconsistency

Side Direct Indirect Difference P> |z|
Coef. Std. Err. Coef. Std. Err. Coef. Std. Err.
CPB+SSB vs. SCPB 0.16 1.13365 —1.10253 13.63469 1.26253 13.68174 | 0.926
Control vs. ESPB -23 1.486521 | —0.5553627 | 3.530701 —1.744637 | 3.910958 | 0.656
Control vs. ISPB —2.331027 | 0.9659798 | —3.200467 1.70028 0.8694403 1.955091 0.657
Control vs. SSB —2.700043 1.486542 —1.827102 1.270656 | —0.8729413 | 1.955599 | 0.655
ESPB vs. SSB —0.4 1.378312 1.346708 3.659909 | —1.746708 | 3.91084I 0.655
ICSB vs. ISPB 0.3 1.325715 2.288063 145.5073 —1.988063 145.513 0.989
ISPB vs. SANB 1.600005 0.8911739 | —1.720608 | 0.8646616 3.320614 1.241699 | 0.007
ISPB vs. SCPB —0.9999983 | 1.128577 0.5208673 15.66241 —1.520866 15.70286 | 0.923
ISPB vs. SSB —0.0867729 | 0.8157143 1.26253 1.197265 —1.349303 1.448363 0.352
SANB vs. SSB 1.600006 0.7451912 | —1.720174 | 0.9932926 3.32018 1.24175 0.007

Abbreviations: ESPB, Erector spinae plane block; SANB, Suprascapular and Axillary Nerve Blocks; SSB, Suprascapular nerve block;
CPB, Coracoid approach brachial plexus; ISPB, Interscalene brachial plexus block; SCPB, Supraclavicular brachial plexus block; ICSB,
Infraclavicular-suprascapular blocks.

Table 3 Netleague Tables of Mixed Estimates

Control

0.52 (-2.30,3.35) SSB

—3.28 (—6.00,-0.55) 0.92 (-0.87,2.71) SCPB

—1.15 (-3.19,0.89) 1.60 (—0.04,3.24) 0.68 (—1.74,3.10) SANB

—0.85 (-3.70,1.99) —0.08 (—1.14,0.99) —1.00 (—2.43,0.44) —1.68 (—3.63,0.28) ISPB

—1.48 (—4.39,1.43) 0.22 (-2.03,2.48) —0.70 (-3.15,1.75) —1.38 (—4.16,1.41) 0.30 (-1.69,2.29) ICSB

—3.78 (—6.89,-0.67) —0.40 (—2.18,1.38) —1.32 (-3.85,1.21) —2.00 (—4.42,0.42) —0.32 (—2.40,1.75) —0.62 (—3.50,2.25) ESPB

0.32 (—2.33,2.98) —2.70 (—4.79,-0.61) —3.62 (—6.37,-0.87) —4.30 (—6.96,-1.64) —2.62 (—4.97,-0.28) —2.92 (—6.00,0.15) —2.30 (—4.39,-0.21) CPB+SSB

Abbreviations: ESPB, Erector spinae plane block; SANB, Suprascapular and Axillary Nerve Blocks; SSB, Suprascapular nerve block; CPB, Coracoid approach brachial
plexus; ISPB, Interscalene brachial plexus block; SCPB, Supraclavicular brachial plexus block; ICSB, Infraclavicular-suprascapular blocks.

Hoarseness

The analysis included 11 studies with a total of 1079 patients. The result was shown in Section 5, Supplementary
material. The network map displayed 6 interventions. The network forest plot did not show any global heterogeneity. The
result of node-splitting did not show any significant inconsistency. The ranking showed that ICSB had the lowest
SUCRA value (30.2), followed closely by SSB (32.5), UTB (34.0), SCPB (44.9), ISPB (63.7), ISPB+ICPB (94.8).

Horner’s Syndrome

The analysis included 11 studies with a total of 1071 patients. The result was shown in Section 6, Supplementary
material. The network map displayed 6 interventions. The network forest plot indicated a high risk of global hetero-
geneity. The result of node-splitting showed that ISPB vs. SSB and SSB vs. UTB had a high risk of inconsistency. The
ranking showed that UTB had the lowest SUCRA value (16.7), followed closely by ICSB (30.3), SSB (46.4), SCPB
(49.6), ISPB+ICPB (66.9), ISPB (93.1).

Motor Block

The analysis included 6 studies with a total of 700 patients. The result was shown in Section 7, Supplementary material.

The network map displayed 5 interventions. The network forest plot did not show any global heterogeneity. The result of
node-splitting did not show any significant inconsistency. The ranking showed that SSB had the lowest SUCRA value
(4.5), followed closely by UTB (61.0), SANB (64.8), ISPB (93.1).
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Figure 6 SUCRA of resting VAS at 6 h. | = CPB+SSB (26.4), 2 = Control (99.2), 3 = ESPB (66.2), 4 = ICSB (48.7), 5 = ISPB (61.6), 6 = SANB (13.6), 7 = SCPB (27.8), 8 = SSB
(56.4). ESPB, Erector spinae plane block. SANB, Suprascapular and Axillary Nerve Blocks. SSB, Suprascapular nerve block. CPB, Coracoid approach brachial plexus. ISPB,
Interscalene brachial plexus block. SCPB, Supraclavicular brachial plexus block. ICSB, Infraclavicular-suprascapular blocks.

PONV

The analysis included 14 studies with a total of 947 patients. The result was shown in Section 8, Supplementary material.

The network map displayed 8 interventions. The network forest plot did not show any global heterogeneity. The result of
node-splitting showed that ISPB vs. SCPB had a high risk of inconsistency. The ranking showed that ESPB had the
lowest SUCRA value (21.7), followed closely by SSB (27.7), SANB (32.2), ISPB (44.2), CPB+SSB (51.1), SCPB (54.0),
ICSB (75.6), UTB (77.1).

Table 4 Summary of Evidences

Outcomes

Patients (trails)

Results

Certainty
(GRADE)

Resting VAS at 6 h

Resting VAS at 12 h

Resting VAS at 24 h

Morphine consumption within 24 h
Hemidiaphragmatic paralysis
Hoarseness

Horner’s syndrome

Motor block

PONV

1240(10)
627(10)
1042(13)
769(10)
582(9)
1079(11)
1071(11)
700(6)
947(14)

SANB, CPB+SSB, and SCPB were superior to others

ESPB, SANB, and ICSBwere superior to others

SANB, UTB, and CPB+SSB were superior to others

UTB, SSB, and SCPB were superior to others

ICSB, CPB+SSB, and SCPB were superior to others

ICSB, SSB, and UTB were superior to others
UTB, ICSB, and SSB were superior to others
SSB was superior to others
ESPB, SSB, and SANB were superior to others

BPDO moderate
BDDO moderate
DDDBhigh
BP0 low
DDDBhigh
DDDDhigh
BPDO moderate
DD moderate
BDDO moderate

Abbreviations: VAS, visual analogue scale; PONYV, postoperative nausea and vomiting; ESPB, Erector spinae plane block; SANB, Suprascapular and Axillary Nerve
Blocks; SSB, Suprascapular nerve block; UTB, Upper trunk block; CPB, Coracoid approach brachial plexus; SCPB, Supraclavicular brachial plexus block; ICSB,

Infraclavicular-suprascapular blocks.
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Summary of Evidences

Table 4 provided a summary of the evidence, including GRADE classifications for each outcome. No single intervention
was identified as superior to others regarding analgesia or complication rates. Due to the presence of heterogeneity and
inconsistency in the analysis results, we downgraded the quality of evidence for the relevant outcomes. Furthermore, the
included studies employed inconsistent definitions for respiratory depression and motor block, which warranted an
additional downgrade in the evidence level. Lastly, considerable variations in postoperative pain management protocols
prompted a further reduction in the confidence level regarding morphine consumption.

Discussion
In our NMA involving 25 RCTs and 2,039 patients, we evaluated the efficacy of ten types of nerve blocks following
shoulder arthroscopy. Our results indicated that SANB, CPB+SSB, and SCPB were more likely to decrease the VAS at
6 h. ESPB, SANB, and ICSB were more likely to decrease the resting VAS at 12 h. SANB, UTB, and CPB+SSB were
more likely to decrease the resting VAS at 24 h. UTB, SSB, and SCPB were more likely to decrease morphine
consumption within 24 h. The techniques with relatively low incidence of HDP include ICSB (0%), CPB+SSB
(21.7%), SCPB (29.5%). The techniques with relatively low incidence of hoarseness include ICSB (0%), SSB (0%),
and UTB (4.8%). The techniques with relatively low incidence of Horner’s syndrome include ICSB (0%), SSB (0%), and
UTB (5.7%). SSB had the lowest incidence of motor block (1.2%). The techniques with relatively low incidence of
PONYV include ESPB (9.4%), SSB (15.4%), and SANB (14.3%). From the above data, there is no single technique that
simultaneously balances analgesic efficacy and adverse-event incidence. However, SANB was superior to others in
reducing pain scores within 24 hours and in lowering the incidence of PONV. ICSB appears to be superior to others in
reducing the incidence of HDP, hoarseness, and Horner’s syndrome, but SANB has prevented these complications from
occurring via its mechanism of action. Although SSB was superior to others in reducing motor block, it did not
demonstrate a primary effect on pain improvement. Additionally, due to inconsistencies in postoperative analgesia
regimens and heterogeneity of analysis results, we do not make consistent conclusions regarding morphine consumption.

Currently, many meta-analyses have compared these analgesia strategies for shoulder arthroscopy, reflecting clin-
icians’ attention to this issue and, at the same time, indicating a lack of more robust evidence to guide clinical practice.
We present a comparative analysis between previous researches and our study as follows. Zhang’s study showed that
ISPB significantly improved pain on the day of and 1 day after the operation.*’ Kalthoff’s study confirmed the analgesic
effectiveness of ISPB, SSB, and SANB when compared with control group but did not further compare the relative
efficacy strengths and complication profiles among these three techniques.*® White found that SSB did not significantly
reduce postoperative pain scores or opioid consumption when compared with ISPB, and the benefits of SSB were limited
to Horner’s syndrome, hoarseness, and impaired respiratory function.*’ Zhao found that SANB offered greater pain relief
than SSB, while there was no difference between ISPB and SANB.>® Sun found that ISPB provided superior analgesia
only within the first 6 hours postoperatively compared with SANB, while SANB was associated with lower incidences of
numbness/tingling, weakness, Horner’s syndrome, and subjective dyspnea.’’ Zhang found that ISPB and CCB provided
comparable analgesia and have a similar incidence of PONV.>? These conclusions were similar to ours but still slightly
different. Firstly, we both confirm the analgesic effectiveness ISPB, SSB, CCB, and SANB following shoulder arthro-
scopy. Secondly, ISPB has greater analgesic advantage than SSB, while SSB has greater safety advantage than ISPB.
Thirdly, the superior analgesic effect of SANB over SSB can be attributed to its additional blockade of the axillary nerve.
While SSB solely targets the suprascapular nerve—which innervates the posterior and superior aspects of the shoulder
capsule—SANB also anesthetizes the axillary nerve, which supplies the anterior and inferior portions, resulting in more
complete capsular denervation. Fourthly, there is controversy regarding the conclusions about SANB and SIPB. Our
results shows that they have a similar VAS at 6 h (MD = —1.68; 95% CI = —3.63 to 0.28), but SANB has a lower VAS at
12 h (MD = —1.49; 95% CI =—-2.76 to —0.23) and 24 h (MD = —2.50; 95% CI = —3.73 to —1.27). Finally, only two RCTs
report on CCB, but our results support Zhang’s conclusion.

Our findings and previous evidences delineated both the analgesic efficacy and safety of each individual nerve block.
In parallel, we advanced a deeper understanding of the shoulder neuroanatomy and the mechanisms underlying single-
block techniques, which are essential for explaining differences in outcomes and providing more robust evidence to the
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conclusion. The neural innervation of the shoulder joint is notably complex, involving multiple nerve pathways
originating from both the cervical and brachial plexuses.”® The suprascapular nerve, arising from the upper trunk of
the brachial plexus (C5-C6), provides a major sensory contribution to the superior and posterior aspects of the shoulder,
including parts of the rotator cuff and glenohumeral joint capsule.”® The axillary nerve, also from C5-C6, supplies
sensation to the lateral shoulder region and the inferior capsule, playing a crucial role in posterior and lateral shoulder
innervation.”> Additional significant contributions come from the lateral pectoral nerve and the upper roots of the
brachial plexus, which supply the anterior shoulder and upper arm regions.>® The cervical plexus, formed by anterior
rami of C3-C4, supplies cutaneous sensation to the clavicular area and the upper shoulder.*

Shoulder arthroscopy encompasses several common procedures, each targeting specific anatomical structures with
distinct sensory innervation patterns crucial for understanding the source of pain. A subacromial decompression
addresses the subacromial bursa, coracoacromial ligament, and the acromion’s inferior surface; the bursa and ligament
are innervated by the suprascapular and lateral pectoral nerves, while the acromial periosteum is served by the
supraclavicular nerves.>* Rotator cuff repair focuses on the tendons of the supraspinatus, infraspinatus, teres minor,
and subscapularis, which are innervated by the suprascapular, axillary, and subscapular nerves, respectively.”> For
instability, a Bankart repair involves the anteroinferior glenoid labrum and the inferior glenohumeral ligament complex,
which receive sensory input primarily from the axillary nerve.’® Similarly, a SLAP lesion repair targets the superior
labrum and biceps anchor, a region predominantly innervated by the suprascapular nerve.>’ Procedures for pathologies of
the long head of the biceps tendon, namely tenotomy or tenodesis, involve a structure innervated at its intra-articular
portion by the suprascapular nerve.’’ Finally, an acromioclavicular joint resection (Mumford procedure) involves the
joint capsule—innervated by the suprascapular, lateral pectoral, and axillary nerves—and the distal clavicle, whose
periosteum is supplied by the supraclavicular nerves.”® This intricate and overlapping innervation demands precise and
strategic nerve blockade to achieve comprehensive analgesia following shoulder surgery, but the current techniques can
only block the main nerves involved in analgesia.

The ISPB engenders extensive blockade of the C5-C7 nerve roots, thereby providing robust anesthesia and analgesia
for most upper limb surgeries including those involving the shoulder.?? The SCPB offers a similarly wide coverage, often
with technical ease under ultrasound guidance, making it a popular choice.”” The UTB focuses directly on the C5-C6
roots, enables a more selective approach with potentially fewer side effects associated with higher levels of plexus
blockade.”® The CPB targets the lateral cord adjacent to the coracoid process, predominantly anesthetizes anterior
shoulder structures and the lateral upper limb.** The ESPB is believed to exert its effect through the spread of local
anesthetic to dorsal and ventral rami of thoracic spinal nerves, potentially influencing the posterior and lateral shoulder
regions.>> The CCB targets the brachial plexus cords in the infraclavicular area, primarily affects the lateral and medial
cords.”* The SSB and SANB are more targeted nerve blocks, focusing primarily on the key sensory pathways supplying
the superior and posterior shoulder, offering effective analgesia with relatively low complication rates.”* The ICPB
involves infiltration around the C3-C4 nerve roots, predominantly covering the superficial cervical plexus and thereby
providing cutaneous anesthesia over the anterior shoulder and clavicular region.*® The ICSB combines approaches to
both the suprascapular nerve and the brachial plexus in the infraclavicular region, aims to optimize coverage of both
anterior and posterior shoulder structures.*!

For high-level plexus blocks such as ISPB, the incidence of HDP remains a significant concern—especially in
patients with compromised respiratory function. Horner’s syndrome and nerve injury are other established potential
complications. Vascular puncture and pneumothorax are notable risks with SCPB and infraclavicular blocks, emphasizing
the importance of ultrasound guidance and meticulous technique. Targeted nerve blocks, such as SSB and SANB, tend to
have a safer profile but still carry risks of nerve injury or inadvertent intravascular injection. Cervical plexus blocks can
easily cause hoarseness due to recurrent laryngeal nerve involvement, as well as diaphragmatic paralysis if the phrenic
nerve is inadvertently affected.

In summary, nerve blockade strategies for shoulder arthroscopy are diverse, with each technique offering distinct
advantages and limitations. An in-depth understanding of the underlying anatomy, mechanism of action, and potential

risks is essential for optimizing perioperative pain management.
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Limitations

Despite the comprehensive overview provided, this review has certain limitations that should be acknowledged. Firstly,
our NMA is subject to the inherent limitation common to all meta-analyses. The included studies had differences in study
design, sample size, local anesthetic agents, postoperative analgesic regimen, and technique modalities, which may affect
the generalizability of the findings. Meanwhile, these inherent limitations contributed to the local inconsistency observed
for certain comparisons. Secondly, the interventions included in this paper solely involved single-injection nerve block
techniques, with a paucity of compering with local infiltration analgesia® and continuous nerve block® which have also
been shown to provide significant analgesic benefits. Thirdly, the safety profiles are also often reported in isolated cases
or small series, which may underestimate rare but serious adverse events such as pneumothorax, nerve injury, or local
anesthetic systemic toxicity. Finally, most of the available data focus on short-term analgesic effects, with a paucity of
long-term follow-up information on sustained pain relief, functional recovery, or nerve injury.

Conclusions

Our findings support the use of SANB as a superior analgesic technique following arthroscopic shoulder surgery,
improving pain scores within 24 hours and reducing the incidence of PONV, HDP, hoarseness, and Horner’s syndrome.
Although SSB more effectively reduces the incidence of motor block, its analgesic efficacy remains comparatively weak.
However, it is important to acknowledge that for certain comparisons—specifically, ISPB vs. SANB, and SANB vs. SSB
—significant inconsistency was detected between direct and indirect evidence within the NMA. Consequently, clinicians
should interpret the results for these comparisons with caution, and further high-quality head-to-head randomized
controlled trials are warranted to validate these observations.
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