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Objective: This study aims to investigate and discuss the effect of pericapsular nerve group (PENG) block with liposomal
bupivacaine (LB) on postoperative rebound pain following hip fracture in older adults.

Patients and Methods: Ninety patients scheduled for hip fracture surgery were randomized into three groups: LB (liposomal
bupivacaine, 30 mL), R (0.375% ropivacaine, 30 mL), and C (saline, 30 mL). MAP and HR were recorded at T1 (pre-induction), T2
(post-intervention), and T3 (skin incision). NRS scores were evaluated at 12—72 h postoperatively, along with rebound pain, quadriceps
function, analgesic consumption, and adverse reactions.

Results: The incidence of rebound pain was significantly lower in the LB and R groups than in the C group (p < 0.05). The AUC of NRS
scores over 72 hours was significantly lower in the LB group (2.053 + 1.258) than in the R (3.600 + 2.087) and C (4.880 £ 2.739) groups (p <
0.0001). Hemodynamic analysis revealed significant differences in HR between T2 and T3 in all groups (LB: 77.10+ 11.28 vs 73.77 + 8.47;
R:79.57£8.05 vs 74.00 £ 8.13; C: 80.50 £ 8.71 vs 84.13 + 8.07; p < 0.05). MAP in the LB group differed significantly from Group C across
the three time points (p < 0.05). There were no significant differences between the groups in adverse events.

Conclusion: LB PENG blockade reduces rebound pain incidence post-nerve block in elderly hip fracture patients, decreases PCA
demand, preserves quadriceps function, and enhances satisfaction.

Keywords: rebound pain after nerve block, PENG block, liposomal bupivacaine, hip fracture

Introduction

Hip fracture' is common in older adults worldwide. With an aging population, the prevalence of this condition is steadily
increasing. In addition, high morbidity and mortality associated with it profoundly impact patients’ quality of life and
impose a substantial burden on families and society.” First proposed in 2018, the pericapsular nerve group (PENG) block
technique’ is based on the anatomy of hip joint innervation, targeting an articular branch of the femoral nerve to the hip
and the obturator nerve, which can quickly and effectively block pain signals from the innervated areas described above.*
Although nerve blocks can reduce patient pain during the early postoperative period, nerve block rebound pain® may
cause physical and mental distress, potentially compromising the therapeutic efficacy of peripheral nerve blocks.
Rebound pain was operationally defined as an increase in the Numerical Rating Scale (NRS) score from <3 during an
effective nerve block to >7 following block resolution, occurring within 24 hours after the procedure. While continuous
catheterization and local anesthetic adjuvants are used clinically to avert rebound pain after nerve blocks, the effective-
ness of ultra-long-acting local anesthetics for this purpose, specifically within the PENG block scenario, has not been
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established. Current evidence® suggests that prolonging the duration of nerve block may reduce rebound pain, high-
lighting the significance of exploring the use of long-acting local anesthetics. Liposomal bupivacaine’ is a novel, long-
acting local anesthetic agent. It utilizes the DepoFoam multivesicular liposome technology to encapsulate bupivacaine.
Following injection, the vesicles gradually disintegrate, enabling a slow, sustained release of the drug while maintaining
the structural integrity of the liposomes. Since vesicles exhibit variable disintegration times, this formulation consistently
delivers both safe and effective therapeutic drug concentrations, which provides long-acting analgesia. However, the
formulation’s effects on rebound pain after PENG block remain unclear. This study is the first to systematically evaluate
the impact of LB on rebound pain following PENG block in elderly Chinese patients with hip fractures.

Methods
Ethical Approval and Study Design

The comprehensive research question explored in this study underwent rigorous ethical review and evaluation. The study
was approved by the Ethics Committee of the Fourth Affiliated Hospital of Anhui Medical University (No. KYXM-
202409-002) and registered under the identifier ChiCTR2400091793 in the China Clinical Trial Center following the
oversight procedure. The study was conducted and reported in accordance with the Consolidated Standards of Reporting
Trials (CONSORT) guidelines and the ethical principles of the Declaration of Helsinki. Written informed consent was
obtained by signature from patients or their legal representatives.

Participants
This study enrolled patients undergoing elective hip arthroplasty at Anhui Medical University’s Fourth Affiliated
Hospital between December 2024 and August 2025. Patients aged > 65 years, with a BMI of 18.5-30kg/m?®, and ASA
grade II-1IT were enrolled irrespective of gender. The surgical procedures included hip arthroplasty and femoral neck
internal fixation.

Exclusion criteria included: severe hematologic disease or coagulation abnormality, contraindication to general
anesthesia, simultaneous surgery of both limbs, history of allergy to local anesthetics, peripheral neurological disease,
impaired communication, cognitive dysfunction, need for a nerve block for severe or compound trauma, moderate or
severe pain in the PACU (NRS score > 7), referral to the ICU after surgery, infection of the puncture site, serious adverse
events during surgery, and early withdrawal from the procedure for non-study-related reasons.

Randomization and Sample SizeEligible participants were allocated in a 1:1:1 ratio using the random number table
method. The allocation sequence was generated by an independent anesthesiologist using the SPSS software, who also
sealed the group assignments in sequentially numbered, identical, opaque envelopes. When the eligible patients were in
the preoperative area, one external coordinator not involved in the study opened the envelopes and communicated the
allocation. Patients were randomized to three groups (n=30 each). Group LB (experimental; received Liposomal
Bupivacaine), group R (active control; received Ropivacaine), and group C(negative control).

The sample size was calculated using the PASS15 software. The incidence of rebound pain in the
12-24 h postoperative period was used as the main index, and according to the pre-test results and related references,®
its incidence rate was 10% in the LB group, and 43% in the C group. A two-sided test was used with a significance level
a = 0.025, 1-B = 0.90. A sample size of 30 patients per group was determined, accounting for a 10% attrition rate.

Perioperative Procedures

In the preoperative area, anesthesia was prepared and vital signs were routinely monitored, specifically blood pressure
(BP), heart rate (HR), pulse oximetry (SpO2), and electrocardiogram (ECG). Patients’ BIS values were recorded using
a BIS monitor. Radial artery cannulation was carried out under local anesthesia. In Group LB, a PENG block was
performed with 266 mg (20 mL) of liposomal bupivacaine dissolved in 0.9% saline to a total volume of 30 mL (Jiangsu
Hengrui Co., Ltd., National Drug Registration No. H20223899, China), and a lateral femoral cutaneous nerve block was
performed with 0.375% ropivacaine (5 mL), both before the induction of general anesthesia. In Group R, 30 mL of
0.375% ropivacaine and 5 mL of 0.375% ropivacaine were injected at the same site to achieve a lateral femoral
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cutaneous nerve block prior to induction. In Group C, 30 mL of 0.9% saline was injected at the same site, along with
5 mL of 0.375% ropivacaine for a lateral femoral cutaneous nerve block prior to induction. All operations were
performed by the same experienced anesthesiologist. After placing the patient in the supine position, a low-frequency
convex array probe was used. After routine disinfection of the skin, the probe was placed at the junction of the middle
and lateral thirds of the line between the anterior inferior iliac spine and the perineum, aligned with the pubic branch,
identifying the iliopubic ramus, femoral artery, femoral vein, iliopsoas muscle, and pubic bone. The needle was inserted
in-plane, with the tip placed on the myofascial plane posterior to the psoas major tendon and on the surface of the
iliopubic ramus. Hydrodissection was performed after negative blood aspiration, and 30 mL of bupivacaine liposome was
injected until upward movement of the psoas major tendon was observed (see Figure 1). We positioned a convex
ultrasound probe below the anterior superior iliac spine to locate the lateral femoral cutaneous nerve over the tensor
fasciae latae. The needle was inserted in-plane, and 5 mL of 0.375% ropivacaine was injected after negative aspiration.
The PENG-blocked area was assessed using an alcohol swab. The PENG was considered effective if the patient’s
sensation diminished or disappeared; otherwise, it was classified as ineffective, and the group was excluded. A single
experienced anesthesiologist performed all nerve blocks. This investigator was blinded to patient group allocation
throughout the study. The laryngeal mask airway was inserted immediately after intravenous induction. After induction,
etomidate 0.2—-0.6 mg/kg or remazolam 0.1-0.3 mg/kg, sufentanil 0.2-0.5 pg/kg, and/or cis-atracurium 0.15-0.2 mg/kg
were administered. After placement, the laryngeal mask airway was connected to mechanical ventilation. The laryngeal
mask was connected to mechanical ventilation (respiratory rate of 10—12 breaths per minute, tidal volume of 8—10 mL/
kg, fresh gas flow rate of 2.0 L per minute, an inspiratory-to-expiratory ratio of 1:2), with end-tidal carbon dioxide
(EtCO;) maintained at 35-45 mmHg. During the procedure, cis-atracurium ammonium (2 mg) was administered to
maintain neuromuscular relaxation. Anesthesia was maintained with a plasma concentration of propofol ranging from
1.5-3.0 g/mL, concurrently with remifentanil concentrations ranging from 1.0-3.0 ng/mL. Target concentration was
rapidly adjusted to the patient’s physiologic response to maintain mean arterial pressure (MAP) and heart rate (HR)
within £20% of baseline values, and to maintain the bispectral index (BIS) value between 40 and 60. After surgery, the
patient was transferred to the post-anesthesia care unit (PACU) for observation. Once the patient regained consciousness
and resumed spontaneous respiration without complications, their vital signs stabilized, and the Steward score was > 4
points, the laryngeal mask was removed, and the patient was transferred back to the general ward. The postoperative
patient-controlled intravenous analgesia (PCIA) formulation consisted of sufentanil at 3ug/kg diluted with saline to
a total volume of 150 mL, with no background infusion, a self-controlled analgesic dose of 2 mL, and a lock time of
20 minutes. Patients were instructed to record pain intensity every 4 hours and to press the self-controlled analgesic pump
when the pain became intolerable. If the NRS score remained > 7 in the ward, 30 mg of ketorolac tromethamine was

administered intravenously to optimize postoperative analgesia.

Figure | Anterior inferior iliac spine (AlIS). The iliopubic ramus (IPE). Femoral artery (FA). +: Lumbar muscle tendon.
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Outcome Measures
Primary Outcomes
1. NRS scores were assessed at 12, 24, 48, and 72 hours postoperatively and the AUC of NRS scores was assessed at
72 hours postoperatively. The highest NRS score minus the lowest PACU pain score within 24 hours was
recorded.” Rebound pain was diagnosed if the patient’s pain changed from mild (NRS < 3) in the PACU to
severe pain (NRS > 7) within 24 hours.
2. Incidence of rebound pain.

Secondary Outcome Measures
1. Mean arterial pressure (MAP) and heart rate (HR) of patients undergoing PENG block were recorded at predefined
time points: 10 minutes before incision (T1), 10 minutes after the intervention (T2), and upon skin incision (T3).
2. NRS scores at rest and during exercise (passive leg elevation 15°) 20 minutes after the block, and the number of
analgesic pump presses after the operation.
3. The quadriceps muscle function following the operation.
4. Incidence of nausea and vomiting, dizziness, and other adverse events.

Statistical Methods

The SPSS 26 software was employed for data analysis. Data normality was checked with the Shapiro—Wilk test, while
variance homogeneity was tested with Levene’s test. Data following a normal distribution are expressed as mean =+
standard deviation (SD). Non-normally distributed variables are summarized as median (interquartile range, IQR), with
intergroup differences analyzed using the Kruskal-Wallis H-test. The repeated measures analysis of variance was applied
to analyze repeated measures data across three categories. The Bonferroni correction was applied post hoc. Chi-square
testing evaluated group differences in categorical variables, expressed as counts (n) and percentages (%). Significant
results (p < 0.05) revealed notable disparities between the groups.

Results

Characteristics of the Patients

One hundred seventeen subjects were initially enrolled in this study. Ninety patients were ultimately enrolled.
Postoperative ICU admission was required for eight patients, ten were diagnosed with an infection at the nerve block
puncture site, and nine exhibited coagulation abnormalities (Figure 2).

The age, gender, ASA classification, type of surgery, BMI, and duration of surgery of patients in the three groups
were not statistically different from those in Group LB (p > 0.05; Table 1).

The NRS scores at 12, 24, and 48 hours after surgery in the LB group were significantly lower than those in groups
R and C. This difference reached statistical significance (p < 0.05; Table 2).

Note: A: Compared with group C, P < 0.05; a: Compared with 12 hours post-surgery, P < 0.05; b: Compared with
48 hours post-surgery, P < 0.05; c: In the LB group, compared with 12 hours post-surgery, P < 0.05; d: Compared with
72 hours post-surgery, P < 0.05; e: In the R group, compared with 12 hours post-surgery, P < 0.05; f: Compared with
72 hours post-surgery, P < 0.05; g: In the C group, compared with 72 hours post-surgery, P < 0.05 (Table 2).

* Interactions between r-groups and time were analyzed using pairwise comparisons with Bonferroni correction.

The AUC of NRS scores in the LB group was significantly lower than the AUC of NRS scores (p < 0.001) in the
R group and C group (2.053 £ 1.258 vs 3.600 £ 2.087 vs 4.880 + 2.739, p < 0.01). Calculated based on the trapezoidal
rule. ****indicates statistical differences between the two groups (P < 0.0001) (Figure 3).

The graph depicts the NRS scores collected over the 72-hour postoperative period, with the horizontal axis
representing time intervals and the vertical axis representing pain intensity, and calculated based on the trapezoidal
rule. Compared with the T1 time point, there were statistically significant differences in HR and MAP between different
groups (P < 0.05). Compared with the C group, there were statistically significant differences in MAP at different time
points in the LB group (P < 0.05).

Note: a: Compared with the T1 time point, there was a statistically significant difference in HR at the T2 and T3 time points.
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Figure 2 CONSORT diagram of patient recruitment.

b: Compared with the T2 time point, there was a statistically significant difference in MAP at the T2 and T3 time points.

c: Compared with C, there was a statistically significant difference in MAP between different time points in the LB group.

* Interactions between the groups and time were analyzed using pairwise comparisons with Bonferroni correction
(Table S1).

In the LB group, NRS scores were 1.5 (1.0, 2.0) at rest and 2.0 (2.0, 3.0) during exercise.

In the R group, NRS scores were 2.0 (1.75, 2.0) at rest and 3.0 (2.0, 3.0) during exercise.

In the C group, NRS scores were 4.0 (3.0, 5.0) at rest and 7.0 (6.0, 7.25) during exercise.

Table 1 Comparison of General Conditions of Patients in Group LB, Group R, and Group C

Characteristics LB R C X2/ZIF P
Age, year 80.00 (75.75,86.00) | 79.50(72.00,88.00) | 81.00(74.75,84.75) 0.235 0.889
Body mass index, kg/m? | 23.60(21.55,25.36) | 23.50(22.48,24.78) | 24.45(22.50,25.23) 0.393 0.822
Sex 0.268 0.875
Male 16(53.5) 15(50) 17(56.7)

Female 14(46.7) 15(50) 13(43.3)

ASA classification 0.152 0.927
1l 5(16.7) 6(20) 5(16.7)

1] 25(83.3) 24(80) 25(83.3)

Type of surgery 1.671 0.434
Femoral neck fracture 21(70) 24(80) 25(83.3)

Fracture of trochanter 9(30) 6(20) 5(16.7)

Duration of surgery 64.70+9.97 64.50+8.48 64.30+4.53 0.023 0.978
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Table 2 Comparison of NRS Scores (Points) at Multiple Time Points

in the Three Groups (x = s)

Nrsscore (Points) | LB R C LB vs R C P value | 95% CI LB vs C P value | 95% CI R vs C P value | 95% CI

Active state 2.0(2.0,3.0)* 3.0(2.0,3.0)b 7.0(6.0,7.25) | 0.114 [-0.719,0.053] <0.01 [-2.853,-2.081] | <0.01 [-2.591,-1.747]
Resting state 1.5 (1.0,2,0)a 2.0(1.75,2.0)b 4.0(3.0,5.0) 0.149 [-0.742,0.075] <0.01 [-4.909,4.091] <0.01 [-4.575,-3.758]
I2h postoperatively | 1.77+0.56A 3.97£0.92A 6.03+0.80 <0.01 [-2.693,-1.707] | <0.01 [-4.760,-3.773] | <0.01 [-2.560,—1.573]
24h postoperatively | 2.50£0.63Aabcd | 4.83+0.69Abef | 5.77+0.67bg | <0.01 [-2.756,—1.911] | <0.01 [-3.689,—2.844] | <0.0l [-1.356,-0.511]
48h postoperatively | 2.87+0.73Aac 5.23+0.89Aef 6.17+0.74 <0.01 [-2.868,—1.866] | <0.01 [-3.801,-2.799] | <0.0l [-1.434,-0.432]
72h postoperatively | 3.13+0.73Aac 3.97+0.89A 6.43+0.72 <0.01 [-1.329,-0.338] | <0.0l [-3.796,—2.804] | <0.01 [-2.962,-1.971]
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Figure 3 AUC area under the NRS curve at different time points. ***indicates statistical differences between the two groups (P<0.0001).

There was a difference between the overall distribution, with a statistical difference between the C, LB, and the
R groups (p < 0.01). There was no statistical difference between Groups LB and R (p = 0.114, not statistically significant
(p > 0.05).

Note: a and b denote comparison with Group C (p < 0.01) (Table 2).

* Interactions between the groups and time were analyzed using a pair-wise comparison with Bonferroni correction.

The LB group demonstrated significantly fewer analgesic pump presses than the C group, with a parallel reduction in
Group R versus Group C (both p < 0.05; Table S2).

There were no significant differences in dizziness and vomiting incidence between the groups (p > 0.05), whereas
rebound pain incidence varied significantly across treatment groups (p = 0.017; Table 3).

There were no statistically significant differences in the patient’s muscle strength between the three groups at 24h and
72h postoperatively. A subset of patients from the group R had decreased muscle strength within 12 hours post-

operatively (Z=12.170, P = 0.002), as shown in Table S2, based on pairwise comparisons with Bonferroni correction.

Discussion
Hip fracture in older adults, frequently accompanied by a femoral neck fracture and intertrochanteric femoral fracture, is

a common orthopedic condition with significant morbidity and mortality.” The management of these patients is further
complicated by multiple comorbidities, posing challenges for anesthesiologists during the perioperative period. The
enhanced recovery after surgery (ERAS) concept'® focuses on evidence-based perioperative interventions to accelerate
recovery. A nerve block is a common procedure of multimodal analgesia in geriatric hip fracture surgery.'
Anesthesiologists prefer the PENG block due to its clinical safety profile regarding the quadriceps muscle function
during the postoperative period.'? As evidenced by one study, the PENG block combined with the block of the lateral
femoral cutaneous nerve (LFCN) could promote early bed mobilization and ambulation after surgery,'* thus improving
overall prognosis. While nerve blocks significantly reduce postoperative pain, patients frequently report rebound pain

Table 3 Comparison of the Incidence of Adverse Reactions and Rebound Pain Among the Three Groups (n, %)

Group LB R (o) LB vs 95% ClI LB vs 95% ClI Rvs 95% ClI
R P value C P value C P value
Vomiting I (3.3%) 2 (6.7%) 5 (16.7%) 1 [0.178,24.14] 0.424 [0.498,15.734] 0.195 [0.635,53.012]
Dizziness 0 (0%) I (3.3%) 3 (10.0%) 0.612 [0.316,3.889] 0.237 [0.360,0.625] | [0.379,0.637]
Rebound pain | 3 (10.0%) | 8 (26.7%) | 13 (43.3%) 0.181 [0.774,13.832] 0.007 [1.707,27.752] 0.279 [0.711,6.221]
Drug Design, Development and Therapy 2025:19 htps: 10817
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once the block effect wears off, affecting the patient’s prognosis. The incidence of peripheral nerve block (RP) has been
reported to range from 35% to 41%,'* and in some cases may be as high as 52%.'>'® Rebound pain after a nerve block
not only dramatically decreases patient comfort, increases the administration of analgesic medications, including opioids,
counteracting the benefit of the nerve block to the patient. Moreover, it also seriously impedes postoperative recovery,
bringing a heavy burden on the whole family and society.'’

In this study, consistent with previous studies, the incidence of rebound pain reached 10% in the LB group and 43%
in the C group. This suggests that liposomal bupivacaine in PENG block can reduce the incidence of rebound pain in hip
fracture patients. Among patients who received PENG block with ropivacaine, the incidence of rebound pain was lower
in the LB group, likely due to the longer duration of analgesia provided by liposomal bupivacaine compared to
ropivacaine. Also in this study, in the LB group, one vial of liposomal bupivacaine was reconstituted in normal saline
to a final volume of 30 mL for injection, which exceeds the conventional volume of 20 mL. This larger volume of LB
may have a potential effect on postoperative muscle strength and contribute to the decrease in quadriceps muscle strength
at 12 hours postoperatively.'® Conversely, in the LB group, the recovery of strength was minimally affected by the
release of liposomal bupivacaine, likely owing to its uniform and gradual release. This finding is consistent with previous
studies. The rationale for selecting 30 mL as the control group was to explore whether a larger volume of local anesthetic
could prolong the duration of action and thus reduce the rebound pain following a nerve block.

Liposomal bupivacaine (LB) was approved for marketing by the State Drug Administration of China on
November 30, 2022, becoming the first liposomal form of long-acting extended-release local anesthetic to be approved
in China."” Currently, the duration of action of available local anesthetics is less than 12 hours, whereas LB can produce
72 hours of analgesia with a single dose injection. Additionally, its unique long-acting sustained-release effect can be
used as an important component of multimodal analgesia.?® Previous studies have shown that rebound pain after a nerve
block mostly occurs between 12 and 24 hours after the nerve block, and, theoretically, LB provides analgesia that spans
the duration of rebound pain that follows a nerve block, inhibiting the sensation of rebound pain. In this experiment,
rebound pain was reduced by 30% in the LB group compared with the C group, which was associated with a markedly
improved prognosis for the patients. During the 12-hour postoperative period, patients in the LB group exhibited
significantly less dizziness and vomiting than those in the C group, along with fewer presses of the analgesic pump.
Higher incidence of postoperative nausea and vomiting in the LB group compared with the C group may be attributed to
the side effects associated with increased use of opioids for analgesia in the C group after the operation. It is worth noting
that in the LB group, the muscle strength returned to baseline levels at 12 and 24 hours after operation,?’ and a certain
analgesic effect may be prolonged in the group. This effect may be due to the uninterrupted and uniform release of
bupivacaine from the vesicles in the LB group, which provided patients with continuous pain relief without compromis-
ing quadriceps function. Prof. Michael*? claims that LB can reduce pain scores after arthroplasty, which is consistent
with the present study. In this study, NRS scores at different time points in the LB group decreased to varying degrees
compared to the R and C groups. However, the difference between the R and C groups was larger than the NRS scores
observed in the R group during the first 48 hours and continued to narrow after 48 hours, which may be related to the
pharmacokinetic characteristics of LB.?*> LB exhibits a bimodal release profile, dose-related properties, acting immedi-
ately after administration, subsequently demonstrating a second-phase release and reaching a peak between 12 and
24 hours post-administration, followed by a plateau phase.

There are some limitations to this study. In studies involving comparisons among the three groups, using sample size
calculation methods designed for two groups is inaccurate. We have revised the paper to clearly position the work as an
exploratory study. Consequently, future definitive studies are needed to estimate larger sample sizes based on this effect
size. Specifically, this is a single-center study with a small sample size. Therefore, further expansion of the sample size is
needed in the future to reinforce the validity of the protocol. The test protocol used in this study is mostly a rating scale
developed based on the subjective feelings of patients, which may lead to unreliable results. Consequently, in the future,
more objective data should be used in the analysis to minimize the impact of such errors on the results.
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Conclusion
In summary, compared to traditional ropivacaine, the liposomal bupivacaine-based PENG block is superior in reducing

the incidence of rebound pain. It reduces the number of postoperative analgesic pump presses and decreases opioid use,

without impairing quadriceps muscle function, thereby accelerating patient postoperative recovery.
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