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Background: Rebound pain following peripheral nerve block resolution is a distressing phenomenon that impairs recovery and 
commonly arises at night when treatment options are limited.
Objective: To evaluate whether intravenous esketamine and/or dexamethasone, as adjuvants to interscalene ropivacaine block, reduce 
rebound pain after arthroscopic shoulder surgery.
Design: A patient- and outcome assessor–blinded, randomized, controlled, 2×2 factorial clinical trial.
Setting: A single tertiary-care academic hospital.
Patients: A total of 160 adult patients undergoing arthroscopic shoulder surgery under general anaesthesia with single-shot 
interscalene brachial plexus block.
Interventions: Patients were randomized to receive intravenous combinations of esketamine–placebo, placebo–dexamethasone, 
esketamine–dexamethasone, or placebo–placebo, in addition to ropivacaine block after induction of general anaesthesia and before 
surgical incision.
Main Outcome Measures: Co-primary outcomes were: (1) the increase in pain score from before to after the ISB resolved; and (2) 
the incidence of severe rebound pain, defined as numerical rating scale (NRS) pain score ≥7.
Results: All 160 patients completed the trial. Rebound pain occurred in 32% of patients, with no interaction between esketamine and 
dexamethasone. The pain score increased by 6.2 ± 2.5 in the placebo–placebo group versus 4.4 ± 2.5 in the esketamine–dexamethasone 
group (difference –1.8; 95% CI –2.9 to –0.7; P = 0.002). Dexamethasone significantly reduced the pain score increase compared to 
placebo (–1.7; 95% CI –2.8 to –0.6; P = 0.003), while esketamine alone did not. Severe rebound pain occurred in 22/80 (27%) of 
patients receiving esketamine versus 26/80 (32%) without (RR 0.84; 95% CI 0.50 to 1.41; P = 0.459), and in 18/80 (22%) of patients 
receiving dexamethasone versus 29/80 (36%) without (RR 0.62; 95% CI 0.38 to 0.89; P = 0.016).
Conclusion: Intravenous dexamethasone, but not esketamine (low dose), significantly reduced the incidence and severity of rebound 
pain following interscalene nerve block.
Trial Registration: Chinese Clinical Trial Registry (ChiCTR2300072416).
Keywords: esketamine, dexamethasone, peripheral nerve block, rebound pain, central sensitization, factorial trial

Introduction
Single-injection interscalene blocks (ISB) ameliorates pain following arthroscopic shoulder surgery,1,2 with single- 
injection blocks (ISB) typically lasting 12–18 hours. However, patients given blocks may experience more pain than 
those who do not after the block resolves1 —a phenomenon referred to as rebound pain.3,4
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Arthroscopic shoulder surgery is typically conducted as an outpatient procedure. Consequently, rebound pain 
typically occurs at home,5 and often late at night when alternative analgesic options and healthcare support are 
limited.6 Rebound pain is under-recognized and too often misunderstood.7,8 Causes may include inadequate pre- 
emptive multimodal analgesia, exaggerated hyperalgesia, or personal inability to cope with pain.7,9 Ameliorating rebound 
pain would improve satisfaction with regional analgesia including ISB.

Local anesthetic adjuncts for ISB have been extensively explored.10,11 However, most previous studies used duration 
of sensory block or pain scores at fixed postoperative time points as primary outcomes and did not explicitly address 
rebound pain as a distinct clinical problem. Rebound pain is now thought to reflect an abrupt transition from dense 
afferent blockade to restored nociceptive input on a background of postoperative inflammation and NMDA receptor– 
mediated central sensitization.

Among potential systemic or perineural adjuvants, we focused on esketamine and dexamethasone because their 
mechanisms of action plausibly target these pathophysiologic components. Esketamine, the S-enantiomer of ketamine, is 
a potent NMDA receptor antagonist that can attenuate central sensitization and reduce postoperative pain and opioid 
requirements.12,13 Dexamethasone, in contrast, has well-described anti-inflammatory effects and consistently prolongs 
the duration of peripheral nerve block–related analgesia and improves postoperative pain control.10,14–16

We therefore chose a 2×2 factorial randomized design to evaluate esketamine and dexamethasone both separately and 
in combination. This design allows efficient estimation of the main effects of each drug within a single trial, while also 
permitting formal assessment of any interaction—synergistic or antagonistic—between the two agents on rebound pain, 
without the need for separate, larger parallel-group trials. Because rebound pain is clinically relevant in both its overall 
intensity and its extreme manifestations, we prespecified two co-primary outcomes: the mean increase in NRS pain score 
after block resolution, capturing the overall magnitude of pain escalation, and the incidence of severe rebound pain 
episodes (NRS ≥7), reflecting clinically important, treatment-demanding pain.

Methods
Our randomized double-blind trial was performed in adherence to the principles outlined in the Declaration of 
Helsinki, and the study protocol received approval from the Ethical Committee of Shanghai Jiaotong University 
Affiliated Sixth People’s Hospital [2023–042-(1)]. All participants provided written informed consent. The trial was 
registered on www.chictr.org.cn (ChiCTR2300072416) before the first patient was enrolled.

Subject Selection
We enrolled patients aged ≥18 years with an American Society of Anesthesiologists (ASA) physical status of I or II who 
were scheduled for elective arthroscopic shoulder surgery from June 2023 to May 2024.

Exclusion criteria included coagulation disorders, neuropathic disorders, diaphragmatic paralysis, allergy to local 
anesthetics, severe cardiopulmonary disease, systemic steroid use, presence of any chronic pain, chronic opioid use, 
stomach ulcer, uncontrolled diabetes, psychiatric disorders, pregnancy, severe obesity (body mass index >35 kg/m2), 
previous shoulder surgery, inability to understand pain scoring or instructions for intravenous patient-controlled analgesia 
(PCA), and a history of failed ISB.

Preoperative Assessment
The day before surgery, we quantified preoperative pain at rest, movement, and night at the surgical site using a numeric 
rating scale (NRS) ranging 0 to 10 (where 0 represents no pain and 10 indicates the worst possible pain). We documented 
routine medications and comorbidities. Participants also completed the Central Sensitization Inventory (CSI), a self- 
report questionnaire consisting of two parts.17 The Chinese version of CSI was used. A score of more than 40 indicates 
the presence of central sensitisation.18

The Pain Catastrophizing Scale (PCS) was used to assess negative thinking associated with pain, including rumina
tion, magnification, and helplessness.19 A total PCS score of 30 represents clinically meaningful degree of 
catastrophizing.20 The presence of a neuropathic pain at the operative site was evaluated using the Chinese Version of 
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the Douleur Neuropathique 4 (DN4) questionnaire.21 The scores are added and a score of 4 or more out of 10 is 
suggestive of neuropathic pain.22

Randomization and Trial Intervention
Randomization 1:1:1:1 was computer-generated and assigned patients to placebo-placebo, esketamine-placebo, dexa
methasone-placebo, and esketamine-dexamethasone. Allocation was concealed with sealed opaque envelopes that were 
opened and prescribed by a researcher not associated with the study before patients entered the OR. After anesthetic 
induction and before surgical incision, patients randomized to esketamine were given 0.15 mg/kg of the drug intrave
nously whereas those assigned to dexamethasone were given 5 mg dexamethasone intravenously. In both cases, the 
placebo had a comparable volume of saline. All adjuvants were prepared and administered by a researcher who was not 
involved in any other study procedures, to ensure that patients, attending anesthesiologists, outcome assessors, and 
surgeons remained blinded to the treatment allocation.

Intraoperative and Postoperative Treatments
All patients were given 2 mg intravenous midazolam before block insertion to relax patients and to mask psychomimetic 
side-effects of esketamine. Under ultrasound guidance, all patients had a standardized single injection interscalene 
brachial plexus block (ISB) administered by one of two anesthesiologists. Patients were positioned supine with their 
head turned away from the side to be blocked. A high-frequency linear array transducer (13–6 MHz) was used to identify 
the brachial plexus in the short-axis view over the interscalene region. Using sterile techniques, a 50-mm-long 22-gauge 
facet tip needle was advanced towards the point between the C5 and C6 roots or the lateral border of the superior trunk, 
following the in-plane method. After confirmation of correct placement and negative aspiration, 15 mL of 0.3% 
ropivacaine was injected around the C5 and C6 roots or the superior trunk. Patients who did not experience a loss of 
cold sensation in the C5 and C6 sensory dermatome or reported significant shoulder pain (numerical rating scale (NRS) 
score ≥3) in the recovery room were classified as failed blocks.

General anesthesia was induced with sufentanil 0.2 μg kg−1, propofol 1–3 mg kg−1, and rocuronium 0.6 mg kg−1. The 
trachea was intubated and anesthesia was maintained with sevoflurane at 1.4–2 vol% end-tidal concentration. All surgery 
was performed by one of three senior doctors. During the surgery, intravenous sufentanil 5–10 μg was given when blood 
pressure or heart rate exceeded 20% of the preoperative baseline value. Heart rates <50 bpm were treated with 0.25 to 
0.5 mg of atropine. At the end of surgery, patients were given 4 mg of ondansetron for nausea prophylaxis. The trachea 
was extubated in the operating room after reversal of any residual muscle relaxation.

Upon arrival in the recovery room, patients were given intravenous patient-controlled analgesia (PCA), consisting of 
a solution with 150 μg of sufentanil diluted to 150 mL (administered as a 2 mL bolus with a 15-minute lockout time 
interval, with a maximum limit of 8 mL per hour and no baseline infusion). Additionally, and per routine, patients were 
given 50 mg of intravenous flurbiprofen ester every 12 hours for analgesia. When additional analgesia was needed, 
patients were given 30 mg intravenous ketorolac (up to a maximum of 90 mg/day) and 100 mg of tramadol (up to 
a maximum of 300 mg/day). After hospital discharge, patients continued to manage pain with a COX-2 inhibitor and the 
tramadol/acetaminophen combination.

Outcome Measurements
Our first co-primary endpoint was the mean increase in surgical-site numerical rating scale (NRS) pain score from before 
to after ISB resolution. For each patient, the increase in pain score was defined as the highest postoperative NRS pain 
score documented within the initial 24 hours after ISB resolution minus the lowest postoperative pain score recorded 
before ISB resolution.4 The second co-primary endpoint was the incidence of severe rebound pain at the surgical site, 
defined as NRS ≥7/10 at rest after block resolution. The time of ISB resolution was defined by the first analgesic request; 
if analgesics were not required, ISB resolution was considered to occur when the patient no longer experienced numbness 
or heaviness in the ISB area. Secondary outcomes were block duration, pain scores after block resolution, the duration of 
rebound pain, and sleep disturbances attributed to shoulder pain. The duration of rebound pain was defined as the time 
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interval from the first recorded NRS ≥7 after block resolution until the first subsequent assessment with NRS <4 that was 
not followed by any further NRS ≥7 values within the first 24 hours after block resolution.

Our first co-primary endpoint was the increase in surgical site mean pain scores increase from before to after the ISB 
resolved. The second was the incidence of severe rebound pain at the surgical site, defined by pain scores ≥7/10 at the 
surgical site after block resolution. Pain score differences were defined as the lowest postoperative pain score recorded 
before ISB resolution subtracted from the highest pain score documented within the initial 24 hours after ISB resolution.4 

The time of ISB resolution was defined by the first analgesic request. If analgesics were not required, ISB resolution was 
considered to have taken place when the patient no longer experienced numbness or heaviness in the ISB area. Secondary 
outcomes were block duration, pain scores after block resolution, the duration of rebound pain, and sleep disturbances 
attributed to shoulder pain.

Secondary outcomes were block duration, pain scores after block resolution, the duration of rebound pain, and sleep 
disturbances attributed to shoulder pain. The duration of rebound pain was defined as the time interval from the first 
recorded NRS ≥7 after block resolution until the first subsequent assessment with NRS <4 that was not followed by any 
further NRS ≥7 values within the first 24 hours after block resolution.

Participants in the study were contacted by a research nurse via phone calls on postoperative days 1, 4, 7, 15, and 30. 
Pain intensity was assessed using the numerical rating scale (NRS), with participants reporting their daily average and 
maximal pain levels on a scale from 0 to 10. On Day 30 after surgery, participants completed the short form of the Brief 
Pain Inventory (BPI) to evaluate the impact of pain on various aspects of their daily quality of life, including sleep 
quality, mood, and analgesic intake.23

Statistical Analyses
The Shapiro–Wilk test was employed to evaluate normalcy. Data are presented as means ± SDs, medians (interquartile 
range [IQR]), or counts (%). Using a factorial design, a two-way analysis of variance (ANOVA) was conducted with pain 
score before and after ISB resolution as the dependent variable to evaluate the presence of an interaction between the two 
therapies. Per routine for factorial trials, in the absence of a significant interaction, treatment effect estimates were to be 
summarized by comparing results in all patients given esketamine to all patients who were not given esketamine, whether 
or not given dexamethasone. We similarly would compare results in all patients given dexamethasone to those in all 
patients who were not given dexamethasone, irrespective of esketamine administration. Should the interaction be 
substantial, the impact of each intervention would be evaluated within the context of the alternate intervention levels.

Data were analyzed using unpaired t, Mann–Whitney rank-sum, χ2, or Fisher exact tests to evaluate the main effects, 
as applicable. Differences across groups were additionally expressed as the mean or median differences along with the 
95% confidence interval (CI). With a total significance level of 0.05, the significance criterion for the primary outcome in 
the two comparisons was set at 0.025 for each interventional effect (0.05/2, Bonferroni correction).

Secondary outcomes were not corrected for multiple testing. Predefined exploratory analyses were performed across 
four factorial groups (representing each combination of esketamine and regional analgesia) via one-way ANOVA, the 
Kruskal–Wallis test, or the χ2 test, as applicable. In addition, to assess the robustness of the treatment effects and account 
for prognostically important baseline variables, we performed a multivariable logistic regression analysis with rebound 
pain as the dependent variable. The model included treatment group (placebo–placebo, dexamethasone alone, esketamine 
alone, and esketamine plus dexamethasone) and baseline covariates such as female sex, number of inserted anchors, 
preoperative maximal and night pain, Central Sensitization Inventory (CSI) score, Pain Catastrophizing Scale (PCS) 
categories, postoperative shoulder outcome index (PSOI) score, and DN4 score.

Primary analyses were performed on all randomized patients with accessible outcome data, without imputation. Data 
were analyzed utilizing GraphPad Prism software (version 9.0.0; GraphPad, Boston, MA, USA), R version 4.2.2 and 
Python version 3.7.

In a previous study (N=30), we observed a difference of 5.5±2.0 in the increase in pain score after ISB resolution with 
the use of ropivacaine alone.19 We anticipated that esketamine and dexamethasone would each reduce the increase in 
pain scores by approximately 30%, an amount we considered clinically meaningful. A total of 32 patients per level of 
each intervention were required for α=0.05 and power=90%; we therefore enrolled 40 patients in each of the four groups 
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to account for a 20% dropout rate, for a total of 160 patients. The sample size calculation was thus based on detecting the 
main effects of each intervention on the first co-primary outcome, assuming no interaction between esketamine and 
dexamethasone. The trial was not specifically powered to detect a statistically significant interaction effect.

In a previous study (N=30), we observed a difference of 5.5±2.0 in the increase in pain score after ISB resolution with 
the use of ropivacaine alone.24 We anticipated that esketamine and dexamethasone would each reduce pain scores by 
30%, an amount we considered clinically meaningful. A total of 32 patients per group were required for α=0.05 and 
power=90%; we therefore enrolled 40 patients in each of 4 groups to account for a 20% dropout rate, for a total of 160 
patients. The sample size calculation was thus based on detecting the main effects of each intervention on the first co- 
primary outcome, assuming no interaction between esketamine and dexamethasone. The trial was not specifically 
powered to detect a statistically significant interaction effect.

Results
A total of 180 patients were assessed for eligibility, of whom 20 were excluded (8 surgery cancelled and 12 declined to 
participate). The remaining 160 patients were randomised equally into four groups (n = 40 per group): placebo–placebo, 
placebo–dexamethasone, esketamine–placebo, and esketamine–dexamethasone. All participants received the allocated 
intervention. No patients were lost to follow-up or excluded after randomisation, and all 160 patients were included in the 
final analysis (Figure 1).

Patients Characteristics
Baseline demographic and clinical characteristics were well balanced across the four groups (Table 1). Age, sex 
distribution, ASA physical status, BMI, and education level were comparable. The prevalence of comorbidities, types 
of surgery, and number of anchors inserted did not differ substantially between groups. Preoperative pain intensity, 
psychological measures (PCS, CSI, PSQI), and neuropathic pain scores (DN4) were also similar across groups.

Figure 1 The Consolidated Standards of Reporting Trials statement.
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Primary Outcomes
No significant interaction was observed between esketamine and dexamethasone for the difference in increase in pain 
score after ISB resolution (P = 0.4055) or for the incidence of rebound pain (P=0.3793). Consequently, the outcomes of 
the two primary effects were evaluated across all patients given each drug (Table 2).

Increase in pain score after ISB resolution were 4.6±1.3 in patients given dexamethasone (N=80) which was lower 
than scores of 5.5±1.3 reported by patients who did not receive dexamethasone (N=80, difference 0.9, 95% CI: −1.6, 
−0.2; P = 0.009, Figure 2). Increase in pain score after ISB resolution were 5.3±1.3 for patients given esketamine (N=80) 

Table 1 Patient Characteristics

Placebo-Placebo 
(N=40)

Placebo-Dexamethasone 
(N=40)

Esketamine-Placebo 
(N=40)

Esketamine-Dexamethasone 
(N=40)

Sex (female) 28 (62%) 24 (59) 34 (72%) 34 (67%)

Age (yr) 52.4 ± 11.9 54.5 ± 10.8 54.4 ± 7.1 54.8 ± 9.9

ASA physical status

I 31 (69%) 26 (63%) 33 (70%) 36 (71%)

II 14 (31%) 15 (37%) 14 (30%) 15 (29%)

BMI (kg/cm2) 24.3 ± 2.8 23.2 ± 2.7 24.1 ± 2.6 23.1 ± 2.7

Educational Level

Primary school 4 (9%) 2 (5%) 9 (23%) 3 (8%)

Junior 11 (24%) 15 (37%) 14 (35%) 13 (32%)

Senior 6 (13%) 6 (15%) 13 (32%) 14 (35%)

Junior college 13 (29%) 8 (20%) 3 (8%) 7 (18%)

Undergraduate 3 (8%) 3 (8%) 0 (0%) 1 (2%)

Master 1 (2%) 3 (7%) 0 (0%) 2 (5%)

Doctor 2 (5%) 3 (8%) 1 (2%) 0 (0%)

Comorbidity

Hypertension 8 (18%) 11 (27%) 7 (15%) 9 (18%)

Diabetes 3 (7%) 6 (15%) 3 (6%) 3 (6%)

Coronary 0 (0%) 2 (5%) 4 (9%) 2 (4%)

Anemia 1 (2%) 0 (0%) 2 (4%) 0 (0%)

Asthma 1 (2%) 1 (2%) 0 (0%) 1 (2%)

Cerebral 0 (0%) 1 (2%) 2 (4%) 0 (0%)

Others 5 (11%) 1 (2%) 1 (2%) 1 (2%)

Type of surgery

Debridement 12 (30%) 14 (35%) 20 (50%) 16 (40%)

Release 33 (82%) 37 (92%) 35 (87%) 35 (88%)

Acromioplasty 10 (25%) 4 (10%) 4 (10%) 5 (12%)

Rotator cuff repair 31 (78%) 29 (72%) 36 (90%) 37 (92%)

Biceps tendonsis 27 (68%) 19 (48%) 15 (38%) 27 (68%)

Scapular forming 29 (73%) 34 (85%) 36 (90%) 34 (86%)

Synovectomy of glenohumeral joint 9 (22%) 8 (20%) 6 (15%) 14 (35%)

Synovectomy clavicle or joint debridement 1 (2%) 2 (5%) 0 (0%) 0 (0%)

Superior labrum anterior and posterior 6 (15%) 2 (5%) 3 (8%) 1 (2%)

Anchors inserted 2.0 (1.0 to 3.0) 2.0 (0.0 to 3.0) 2.0 (1.0 to 3.0) 2.0 (0.5 to 3.0)

Preoperative pain

Average pain 0 (0, 1) 0 (0, 1) 0 (0, 1) 0 (0, 0)

Maximal pain 4 (2, 5) 4 (2, 5) 4 (2, 5) 4 (2, 5)

Night pain 2 (2, 4) 4 (2, 5) 3 (2, 4) 4 (2, 5)

PCS total n (%) 9 (22.5) 11 (27.5) 12 (30) 8 (20)

CSI score 8.0 (5.0 to 11.0) 9.0 (7.0 to 13.0) 9.0 (7.0 to 13.5) 9.0 (7.5 to 13.0)

PSQI score 6.0 (5.0 to 8.0) 5.0 (3.0 to 7.0) 8.0 (4.5 to 11.0) 6.0 (4.0 to 8.0)

DN4 score 1.0 (0.0 to 1.0) 1.0 (0.0 to 1.0) 1.0 (1.0 to 2.0) 1.0 (0.0 to 2.0)

Notes: Data are mean ± SD, median (IQR), or n (%). 
Abbreviations: BMI, Body Mass Index; CSI, Central Sensitization Inventory; PCS, Pain Catastrophizing Scale; DN4, Douleur Neuropathique 4 questionnaire; PSQI, 
Pittsburgh sleep quality index.
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Table 2 Primary and Secondary Outcomes

Esketamine Dexamethasone

Esketamine 
(n=80)

No Esketamine 
(n=80)

Difference or RR 
(95% CI)

P-value Dexamethasone 
(n=80)

No Dexamethasone 
(n=80)

Difference or RR 
(95% CI)

P-value

Primary outcome

Increase in pain score after ISB resolution 5.3±1.3 5.0±1.2 0.3 (−0.3, 1.1) 0.287 4.6±1.3 5.5±1.3 −0.9 (−1.6, −0.2) 0.009

Rebound pain (n) 22 (28) 26 (33) 0.84 (0.50, 1.41) 0.459 18 (22) 29 (36) 0.62 (0.38, 0.89) 0.016

Secondary outcomes

RP score 8.0±0.8 7.8±1.0 0.2 (−0.3, 0.7) 0.359 7.5±0.7 8.3±1.1 −0.7 (−1.2, −0.2) 0.005

Duration of rebound pain min 180 (60, 1080) 255 (40, 720) 31.59 (−84.02, 147.21) 0.595 150 (60, 600) 240 (40, 1080) 31.6 (−84.02, −147.21) 0.595

Onset of rebound pain since performing ISB min 836 (315, 1388) 835 (390, 1220) −9.52 (−132.70, 113.67) 0.88 875 (435, 1388) 808 (315, 1385) −9.52 (−132.70, 113.67) 0.88

Onset of rebound pain since end of surgery min 150 (50, 420) 170 (30, 410) 12.69 (−117.17, 142.55) 0.849 760 (210, 1270) 667 (120, 1265) 12.69 (−117.17, 142.55) 0.849

Onset of rebound pain since ISB resolution min 110 (20, 420) 135 (40, 420) −48.96 (−128.41, 30.49) 0.234 0 (0, 630) 0 (0, 630) −48.96 (−128.41, 30.49) 0.234

Median time to the first analgesic request (IQR), min 210 (60, 1080) 255 (60, 720) 45.98 (−60.82, 152.77) 0.400 1440 (420, 1545) 886 (315, 1470) −0.28 (−6.17, 5.61) 0.92

Anesthesia time min 160 (60, 280) 170 (80, 300) 8.38 (−1.62, 18.38) 0.102 90 (30, 190) 95 (45, 250) −0.27 (−6.90, 6.36) 0.938

Operation time min 65 (15, 190) 75 (30, 210) 7.4 (−2.36, 17.16) 0.139 65 (15, 175) 72 (25, 210) 0.43 (−3,78, 4.64) 0.841

Intraoperative sufentanyl consumption μg 26.34±6.40 29.40±6.49 3.05 (1.19, 4.92) 0.0016 30 (10, 50) 27 (10, 50) 3.05 (1.19, 4.92) 0.001

NRS pain scores at rest

At PACU 0 (0, 1) 0 (0, 2) −0.1 (−0.12, 0.01) 0.101 0 (0, 1) 0 (0, 2) 0.04 (−0.03, 0.116) 0.24

24 h 2 (0, 8) 1 (0, 7) −0.23 (−0.74, 0.28) 0.374 1 (0, 7) 2 (0, 8) 0.55 (0.05, 1.06) 0.032

48h 0 (0, 5) 0 (0, 5) −0.36 (−0.73, 0.01) 0.055 0 (0, 5) 1 (0, 5) 0.55 (0.18, 0.92) 0.003

NRS pain scores at motor

At PACU 0 (0, 2) 0 (0, 2) −0.01 (−0.125, 0.110) 0.899 0 (0, 2) 0 (0, 2) 0.04 (−0.07, 0.16) 0.467

24 h 3 (0, 9) 3 (0, 8) 0.10 (−0.44, 0.63) 0.715 2 (0, 8) 3 (0, 9) 0.43 (−0.09, 0.96) 0.11

48 h 3 (0, 9) 3 (0, 7) −0.20 (−0.70, 0.31) 0.444 3 (0, 7) 3 (0, 9) 0.71 (0.22, 1.21) 0.005

Fentanyl consumption 0–48 h 26.7±6.3 29.2±6.3 2.44 (0.62, 4.26) 0.009 23.7±6.3 26.2±6.3 2.50 (0.53, 5.25) 0.008

Duration of the sensory nerve block min 592 (135, 1240) 575 (153, 1190) −10.85 (−72.6, 50.9) 0.731 598 (153, 1240) 572 (135, 1224) −10.85 (−72.63, 50.94) 0.731

Duration of analgesia after ISB min 673 (154, 1570) 693 (297, 1630) 1.11 (−87.29, 89.51) 0.98 741 (295, 1630) 630 (154, 1600) 1.11 (−87.3, 89.5) 0.98

Duration of analgesia after surgery min 530 (40, 1440) 560 (135, 1440) −9.15 (−100.29, 81.99) 0.844 627 (108, 1440) 507 (40, 1440) −9.15 (−100.29, 81.29) 0.844

Time of extubation min 25 (5, 115) 24 (5, 80) −3.37 (−7.52, 0.79) 0.114 25 (5, 115) 22 (5, 80) −3.37 (−7.52, 0.79) 0.114

Postoperative nausea and vomiting 23 (28) 28 (35) 1.27 (0.94, 1.79) 0.283 19 (24) 30 (38) 1.59 (1.13, 2.33) 0.038

Psychiatric side effects 5 (6) 7 (9) 1.52 (0.76, 3.58) 0.417 10 (13) 3 (4) 0.27 (0.16, 0.48) 0.026

Intraoperative Hypotension 29 (37) 31 (40) 1.08 (0.85, 1.43) 0.696 30 (38) 31 (38) 1.0 (0.79, 1.32) 0.999

Sleep disturbances

DAY 1 0 (0, 4) 0 (0, 4) 0.04 (−0.21, 0.29) 0.759 0.0 (0, 4) 0.5 (0, 4) 0.52 (0.24, 0.81) <0.001

DAY 2 0 (0, 4) 0 (0, 4) −0.03 (−0.34, 0.27) 0.839 1.1 (0, 4) 1.1 (0, 4) 0.20 (−0.06, 0.47) 0.136

DAY 3 0 (0, 4) 0 (0, 4) 0.24 (−0.10, 0.57) 0.175 0.0 (0, 4) 1.0 (0, 4) 0.31 (−0.02, 0.66) 0.065

DAY 7 0 (0, 3) 0 (0, 4) 0.01 (–0.26, 0.27) 0.997 0.0 (0, 3) 0.0 (0, 4) 0.26 (−0.01, 0.51) 0.061

DAY 15 0 (0, 3) 0 (0, 4) −0.03 (−0.27, 0.21) 0.804 0.0 (0, 3) 0.0 (0, 4) 0.22 (−0.01, 0.45) 0.06

DAY 30 0 (0, 4) 0 (0, 4) −0.17 (−0.40, 0.05) 0.136 0.0 (0, 2) 0.0 (0, 4) 0.12 (−0.11, 0.34) 0.31

Notes: Data presented as means ± SDs, medians (IQR), or n (%). 
Abbreviations: RR, relative risk; CI, confidence interval; RP, rebound pain; ISB, Interscalene Nerve Block; IQR, interquartile range; NRS, Numerical rating scale; PACU, Postanesthesia care unit.
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compared with 5.0±1.2 in those who did not receive esketamine (N=80, difference 0.3, 95% CI: −0.3, 1.1; P=0.287, not 
statistically significant; Table 2). For esketamine vs no Esketamine, the between-group difference of the treatment effect 
did not reach the minimal clinically important difference) of 1.0. For dexamethasone vs no dexamethasone, although the 
difference did not achieve minimal clinically important difference, the pain scores in the dexamethasone group were 
significantly lower than those in the dexamethasone placebo group (P=0.009) (Figure 2).

The incidence of rebound pain was 22 (27%) for patients administered esketamine (N=80), compared to the 26 (32%) 
observed in those given no esketamine (N=80, relative risk (RR) 0.84, 95% CI: 0.50, 1.41; P=0.459, Table 2). The 
incidence of rebound pain was 18 (22%) in patients given dexamethasone (N=80), which was lower than 29 (36%) of the 
patients given no dexamethasone (N=80, RR = 0.62, 95% CI, 0.38, 0.89; P = 0.016, Table 2). Using Placebo-Placebo as 
the reference category, increase in pain score after ISB resolution were significantly different compared to Placebo- 
Dexamethasone (N=40, difference = −1.7, 95% CI, −2.8, −0.6, P=0.003) and Esketamine-Dexamethasone (N=40, 
difference = −1.8, 95% CI, −2.9, −0.69, P=0.002)(Table 3 and Figure 3).

Figure 2 Forest plot of treatment effects across groups. This forest plot illustrates the effect sizes and 95% confidence intervals for primary and secondary outcomes 
comparing different combinations of esketamine and dexamethasone interventions. Point estimates and CIs are presented for each group comparison, with values to the left 
or right of the vertical line indicating a benefit favouring one intervention over another. The plot demonstrates the differential impact of esketamine, dexamethasone, and 
their combination on the measured outcomes. Statistically significant differences (i.e. those not crossing the line of no effect) are marked accordingly.

Table 3 Exploratory Analyses of Outcomes Across Four Groups

Placebo-Placebo (n=40) Placebo-Dexamethasone 
(n=40)

Esketamine-Placebo 
(n=40)

Esketamine-Dexamethasone 
(n=40)

P Value

Primary outcome

Increase in pain score after ISB resolution 6.2±2.5 4.5±2.4a 5.6±2.6 4.4±2.5 b 0.001

Rebound pain (n) 19 (47.5) 10 (25.0)c 15 (37.5) 8 (20.0)d 0.008

Secondary outcomes

RP score 7.9±1.1 7.6±0.8 8.6±0.9e 7.9±0.6 0.027

Duration of rebound pain min 300 (120, 510) 180 (120, 330) 180 (120, 270) 135 (98, 360) 0.675

Onset of rebound pain since performing ISB min 798±197 932±170 827±256 917±281 0.362

Onset of rebound pain since end of surgery min 673±194 810±183 683±280 767±299 0.409

Onset of rebound pain since ISB resolution min 0 (0, 60) 0 (0, 88) 0 (0, 180) 0 (0, 143) 0.343

Time to the first analgesic request, min 958±395 1187±316f 1039±387 1161±333g 0.008

Anesthesia time min 102±36 96±28 94±37 89±36 0.716

Operation time min 80 (60, 90) 75 (55, 100) 65 (45, 92) 60 (45, 90) 0.363

Intraoperative sufentanyl consumption μg 30 (25, 35) 30 (25, 30) 25 (25, 30) 30 (25, 30) 0.236

(Continued)
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In a multivariable logistic regression model adjusting for female sex, number of inserted anchors, preoperative 
maximal and night pain, CSI and PCS categories, PSOI score, and DN4 score, the dexamethasone-containing groups 
remained independently associated with a lower risk of rebound pain, whereas the estimates for esketamine remained 
non-significant. The adjusted odds ratios and 95% confidence intervals are presented in Supplementary Table 1, and were 
consistent in magnitude and direction with the primary unadjusted analyses.

Secondary Outcomes
Esketamine showed similar rebound pain score (RP score) with those given no esketamine (N=80, difference = 0.2, 95% 
CI, −0.3, 0.7), while dexamethasone reduced the RP score (N=80, difference = −0.7, 95% CI, −1.2, −0.2) (Table 2).

Numerical rating scale pain scores at rest were similar in both the esketamine and no esketamine groups. 
Dexamethasone reduced NRS pain at rest 24 hours (N=80, difference = 0.55, 95% CI, 0.18, 0.92) and during movement 
48 hours postoperatively, compared with no dexamethasone (N=80, difference = 0.71, 95% CI, 0.22, 1.21). Intraoperative 
sufentanil use was reduced in the esketamine groups (N=80, difference = 3.05, 95% CI, 1.19, 4.92), as well as between 
dexamethasone and no dexamethasone groups (N=80, difference =3.05, 95% CI, 1.19, 4.92). Similarly, postoperative 
fentanyl use decreased in both the esketamine and no esketamine groups (N=80, difference = 2.44, 95% CI, 0.62, 4.26), 
and between dexamethasone and no dexamethasone groups (N=80, difference = 2.50, 95% CI, 0.53, 5.25). Sleep 
disturbances were similar in the esketamine and no esketamine groups, while dexamethasone improved sleep on Day 
1 postoperatively (N=80, difference = 0.52, 95% CI, 0.24, 0.81). No serious adverse events occurred (Table 2).

Table 3 (Continued). 

Placebo-Placebo (n=40) Placebo-Dexamethasone 
(n=40)

Esketamine-Placebo 
(n=40)

Esketamine-Dexamethasone 
(n=40)

P Value

NRS pain scores at rest

At PACU 0 (0, 1) 0 (0, 1) 0 (0, 2) 0 (0, 1) 0.135

24h 0 (0, 5) 0 (0, 7) 0 (0, 8) 0 (0, 5) 0.132

48h 0 (0, 7) 0 (0, 7) 0 (0, 7) 0 (0, 7) 0.063

NRS pain scores at motor

At PACU 0 (0, 8) 0 (0, 8) 0 (0, 8) 0 (0, 7) 0.677

24h 0 (0, 8) 0 (0, 8) 0 (0, 9) 0 (0, 6) 0.436

48h 0 (0, 7) 0 (0, 7) 0 (0, 9) 0 (0, 7) 0.056

Fentanyl consumption 0–48 h 30 (25, 35) 30 (25, 30) 25 (25, 30) 30 (25, 30) 0.071

Duration of the sensory nerve block min 580 (406, 660) 555 (443, 745) 565 (423, 643) 625 (460, 760) 0.47

Duration of analgesia after ISB min 678±267 821±330h 665±258 817±329i 0.011

Duration of analgesia after surgery min 542±269 687±332j 531±259 702±355k 0.008

Time of extubation min 20 (20, 30) 25 (17, 30) 25 (15, 30) 25 (20, 36) 0.367

Postoperative nausea and vomiting 20 (44) 10 (24) 15 (32) 12 (24) 0.112

Psychiatric side effects 2 (4) 6 (15) 1 (2) 5 (10) 0.125

Intraoperative Hypotension 15 (33) 19 (46) 20 (43) 16 (32) 0.393

Sleep disturbances

DAY 1 0.0 (0.0, 4.0) 0.0 (0.0, 2.0) 1.0 (0.0, 4.0) 0.0 (0.0, 2.0) 0.223

DAY2 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.915

DAY3 1.0 (0.0, 2.0) 0.0 (0.0, 1.0) 1.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.165

DAY7 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.0 (0.0, 0.0) 0.256

DAY15 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.315

DAY30 0.0 (0.0, 0.0) 0.0 (0.0, 0.0) 0.0 (0.0, 1.0) 0.0 (0.0, 1.0) 0.171

Notes: The data are given as mean ± SD, median (IQR), or n (%). aPlacebo-Dexamethasone VS Placebo-Placebo difference=−1.7 95% CI, −2.8, −0.60 P=0.003. bEsketamine- 
Dexamethasone VS Placebo-Placebo difference=1.80 95% CI, −2.9, −0.69 P=0.002. cPlacebo-Dexamethasone VS Placebo-Placebo difference=1.59 95% CI, 1.03, 2.43 
P=0.043. dEsketamine-Dexamethasone VS Placebo-Placebo difference=1.78 95% CI, 1.16, 2.70 P=0.017. eEsketamine-Placebo VS Placebo-Placebo difference=−0.7 95% CI, 
−1.39, −0.03 P=0.049. fPlacebo-Dexamethasone VS Placebo-Placebo difference=229 95% CI, 72, 385 P=0.005. gEsketamine-Dexamethasone VS Placebo-Placebo differ
ence=203 95% CI, 42, 363 P=0.015. hPlacebo-Dexamethasone VS Placebo-Placebo difference=−145 95% CI, −273, −17 P=0.028. iEsketamine-Dexamethasone VS Placebo- 
Placebo difference=−141 95% CI, −260, −22 P=0.022. jPlacebo-Dexamethasone VS Placebo-Placebo difference=−144 95% CI, −272, −16 P=0.031. kEsketamine- 
Dexamethasone VS Placebo-Placebo difference=−160 95% CI, −285, −34 P=0.014. 
Abbreviations: RR, relative risk; CI, confidence interval; RP, rebound pain; ISB, Interscalene Nerve Block; IQR, interquartile range; NRS, Numerical rating scale; PACU, 
Postanesthesia care unit.
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Exploratory Analysis
In the pre-specified exploratory analysis of outcomes across all four groups, significant differences were found in 
increase in pain score after ISB resolution, rebound pain score, median time to first analgesic request (IQR), duration 
of analgesia after ISB, and duration of analgesia after surgery (P<0.05) (Table 3).

Placebo-Placebo was associated with a higher incidence of rebound pain than Placebo-Dexamethasone (N=40, RR = 
1.59, 95% CI, 1.03, 2.43) and Esketamine-Dexamethasone (N=40, RR = 1.78, 95% CI, 1.16, 2.70). Compared to 
Placebo-Placebo, Esketamine-Placebo showed a slightly lower difference in rebound pain score (N=40, difference = 
−0.7, 95% CI, −1.39, −0.03). Placebo-Placebo was associated with shorter duration of analgesia after ISB and surgery 
than Placebo-Dexamethasone (N=40, difference = −145, 95% CI, −273, −17; N=40,difference = −144, 95% CI, −272, 
−16) and Esketamine-Dexamethasone (N=40, difference = −141, 95% CI, −260, −22; N=40, difference = −160, 95% CI, 
−285, −34) (Table 3).

Kaplan-Meier survival analysis revealed a significant difference in time to first analgesic request among the groups 
(Log rank test, P<0.001), with Placebo-Dexamethasone and Esketamine-Dexamethasone showing longer times compared 
to Placebo-Placebo (N=40, difference = 229, 95% CI, 72, 385; difference = 203, 95% CI, 42, 363, respectively) 
(Supplementary Figure 1 and Table 3).

Discussion
In this 2×2 randomized factorial trial targeting patients with postoperative rebound pain after arthroscopic shoulder 
surgery, the intravenous dexamethasone, administered as a single injection in combination with ISB using ropivacaine 
reduced pain scores, although the difference did not reach the minimal clinically important difference. This finding 
suggests that, at the level of average pain intensity, the effect of dexamethasone on rebound pain is modest and should not 
be interpreted as a large, patient-perceivable improvement in all cases. We therefore consider the reduction in pain 
escalation to be of uncertain clinical importance when viewed in isolation and have tempered our conclusions accord
ingly. Moreover, we found that the combination of intravenous dexamethasone and ISB with ropivacaine not only 

Figure 3 Group comparisons of intervention effects. Bar plots show the mean values (with standard error bars) of the primary outcome across the four treatment groups: 
placebo–placebo, placebo–dexamethasone, esketamine–placebo, and esketamine–dexamethasone. Placebo–dexamethasone reduced the outcome compared to placebo– 
placebo, with the greatest reduction observed in the combination group. 
Abbreviations: MD, mean difference; CI, Confidence Interval.
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prolonged analgesia but also decreased the incidence of rebound pain. In contrast, a single dose of esketamine did not 
affect rebound pain incidence or intensity.

Prior research has indicated that, in contrast to general anesthesia, a single-shot brachial plexus block may be linked 
to severe rebound pain. Rebound pain is not well-defined, The essential characteristic of rebound pain is acute 
postoperative pain that occurs after the effect of peripheral nerve block resolves, which is clinically significant.9 

Therefore, we assessed rebound pain from the time of interscalene block resolution, considering that rebound pain 
occurred when the NRS score was ≥7/10 at the surgical site after ISB resolution.

Rebound pain incoorating with dexamethasone into ISB is a straightforward and widely recognized method to 
prolong its analgesic duration. In a randomized controlled trial involving patients undergoing arthroscopic rotator cuff 
repair, intravenous dexamethasone was more effective than placebo in reducing the increase in pain and the incidence of 
rebound pain after the resolution of interscalene brachial plexus block (ISB).24 In a subsequent study, Jae Hee Woo et al 
suggested that dexamethasone may reduce the occurrence of rebound pain by prolonging the duration of nerve blockade 
and modulating the perioperative inflammatory response.25 In our study, rebound pain was evident at 12 hours after ISB 
in the control group and at 18 hours after ISB in the dexamethasone group, aligning with the prolonged analgesic 
duration provided by ISB. Since both groups experienced the onset of rebound pain within 2 days after surgery, during 
the period when the inflammatory response remained active, it is plausible to attribute the reduction in rebound pain to 
the aforementioned factors, thus suggesting the effectiveness of intravenous dexamethasone.

Our study demonstrated that a single antihyperalgesic dose of esketamine did not lead to a difference in the incidence 
or intensity of rebound pain among the groups. These finds can be explained through the following mechanisms: firstly, 
the application of multimodal analgesia may have masked the potential benefits of esketamine. Previous studies 
investigating low doses of ketamine (0.2–1.0 mg/kg) as an adjunct to locoregional anesthesia were predominantly 
conducted under general anesthesia.26,27 Although these studies confirmed its opioid-sparing effect postoperatively, the 
improvement in pain scores remained controversial. A study on patients undergoing cesarean delivery under spinal 
anesthesia found that even with the administration of 10 mg of intravenous ketamine combined with a perioperative 
multimodal analgesic regimen,28 the incidence of breakthrough pain within 24 hours was still as high as 75% in the 
ketamine group and 74% in the placebo group, suggesting that simply increasing ketamine may not overcome the 
“ceiling effect” of multimodal analgesia.28 Secondly, the ineffectiveness of ketamine may reflect a limited involvement of 
central sensitization in the occurrence of rebound pain. Although this study assessed the pro-nociceptive system using the 
Central Sensitization Inventory (CSI), there was no significant difference in the preoperative CSI positive rate (>40) 
between the groups. Lastly, a comprehensive retrospective study found that intraoperative administration of ketamine had 
no significant effect on the incidence of breakthrough pain (40%), which is consistent with the conclusion of this study.8

However, rebound pain is clinically relevant not only in terms of average pain intensity but also through the 
occurrence of severe, treatment-demanding episodes. In this context, dexamethasone was associated with 
a meaningful reduction in the incidence of severe rebound pain, which we prespecified as a co-primary outcome 
because it better reflects those episodes that most disturb sleep, prompt unplanned health-care contact, or drive 
rescue analgesic use. Given the low cost and favorable risk profile of intravenous dexamethasone, even a sub- 
MCID reduction in the mean increase in pain score, when combined with fewer severe rebound pain episodes, may 
still represent a worthwhile benefit as part of a multimodal analgesic strategy after shoulder surgery.

Limitations of the Study
Rebound pain in this study was defined based on the Numeric Rating Scale (NRS) reported by patients when the interscalene 
brachial plexus block (ISB) wore off. Various definitions of rebound pain exist, including one that suggests using the highest 
pain score within the first 24 hours instead of “recall pain” (pain experienced when the ISB wears off). In this study, recall 
pain was compared with the NRS reported by patients on Day 1, and both the intensity and incidence of severe pain (NRS 
>7/10) were strongly correlated. Thus, the rebound pain definition used may be considered acceptable.

The follow-up period was limited to 30 days, not assessing the potential long-term impact of rebound pain on chronic 
postsurgical pain. The low, single dose of esketamine used may have influenced the anti-hyperalgesic effect observed. 
Additionally, the psychophysical tests for central sensitization may not be fully reliable in an acute postoperative setting, 
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and the DN4 questionnaire may also have limitations in this context. Our esketamine regimen consisted of a single 
0.15 mg/kg intravenous bolus without a maintenance infusion, which is at the lower end of the range used in previous 
low-dose esketamine trials. Although we chose this subanesthetic dose to balance potential antihyperalgesic effects 
against the risk of psychotomimetic and hemodynamic adverse events in ambulatory patients, it remains possible that 
higher or repeated dosing might have produced a larger effect on rebound pain. Our results should therefore be 
interpreted as showing a lack of meaningful benefit with this specific low-dose regimen rather than excluding any 
potential effect of esketamine at all possible doses.

Finally, since the study did not include a non-ISB group, we could not determine if the rebound pain observed offset 
the early benefits of the ISB procedure itself.

Conclusion
Intravenous dexamethasone, but not esketamine, reduced the incidence of severe rebound pain after interscalene brachial 
plexus block for arthroscopic shoulder surgery and produced a modest, sub-MCID attenuation of the increase in pain 
intensity after block resolution. These findings support dexamethasone as a useful, low-cost component of multimodal 
analgesia in this setting, while expectations regarding average pain relief should remain conservative.
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