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Objective: To compare the efficacy and safety of ultrasound-guided transverse abdominis plane block (TAPB) with ropivacaine 
combined with hydromorphone versus ropivacaine alone for postoperative analgesia in parturients undergoing cesarean section.
Methods: A randomized controlled trial was conducted with 90 eligible parturients scheduled for elective cesarean section. They were 
randomly assigned to the experimental group (Group R+H, n=45) receiving TAPB with 0.25% ropivacaine plus 0.2 mg hydromor
phone (20 mL per side), and the control group (Group R, n=45) receiving TAPB with 0.25% ropivacaine. The primary outcome was 
the time to first rescue analgesia. Secondary outcomes included serum prolactin (PRL) levels, pain intensity, patient-controlled 
analgesia (PCA) usage, postoperative recovery indicators, adverse reactions, and patient satisfaction.
Results: The time to first PCA use was significantly longer in Group R+H than in Group R (7.32±4.80 h vs. 3.49±1.74 h, p<0.001). 
Group R+H showed lower PCA consumption at 4, 12, 24, and 48 hours post-TAPB (all p<0.05). Numerical rating scale (NRS) scores 
at rest and during movement were significantly lower in Group R+H at 4 and 12 hours post-TAPB (all p<0.05), but no significant 
differences were observed at 24 and 48 hours. There were no significant differences in serum PRL levels, postoperative recovery 
indicators (time to first ambulation, flatus, and spontaneous urination), or the incidence of adverse reactions between the two groups 
(all p>0.05). Patient satisfaction with analgesia was significantly higher in Group R+H (9 (9, 10) vs. 8 (8, 9), p=0.004).
Conclusion: Ultrasound-guided TAPB with ropivacaine combined with hydromorphone provides superior early postoperative 
analgesia, reduces rescue analgesic requirements, and improves patient satisfaction in parturients undergoing cesarean section. It 
does not affect perioperative PRL levels or postoperative recovery, nor does it increase adverse events, making it a safe and effective 
analgesic strategy.
Keywords: postoperative pain, ultrasound-guided TAPB, hydromorphone, cesarean section

Introduction
As a core surgical procedure in the field of obstetrics for managing critical conditions such as high-risk pregnancies, dystocia, 
and fetal distress, cesarean section plays an irreplaceable role in ensuring maternal and infant safety. With the development of 
perinatal medical technology, the adoption of cesarean section has remained at a relatively high level in clinical practice.1 

However, postoperative pain management has always been a key link requiring optimization in the field of obstetric 
anesthesia. Studies have shown that the incidence of acute severe pain in parturients after cesarean section is as high as 
over 60%.2 This severe postoperative pain not only triggers negative emotions such as anxiety and depression in parturients 
but also activates the body’s stress response system, leading to the massive release of stress hormones such as catecholamines 
and cortisol.3 This further induces physiological complications including nausea, vomiting, and delayed intestinal function 
recovery. In severe cases, it may even develop into chronic postsurgical pain syndrome, exerting a significant negative impact 
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on the long-term physical and mental health of parturients and their postnatal rehabilitation process.4,5 Therefore, exploring 
a safe, effective, and long-acting postoperative analgesic regimen for cesarean section has become an important issue in 
current clinical practice and scientific research in the field of obstetric anesthesia.

In current clinical practice, patient-controlled intravenous analgesia (PCIA) is one of the conventional regimens for post
operative analgesia after cesarean section. By allowing parturients to independently control the infusion of analgesic drugs, this 
regimen can meet the individual analgesic needs to a certain extent and has a rapid onset of analgesia. However, the PCIA regimen 
relies on the continuous intravenous infusion of opioid drugs, which has obvious limitations in clinical application. On one hand, 
excessive use of opioids is prone to cause adverse reactions such as respiratory depression, pruritus, and urinary retention, 
increasing the risk of postoperative complications in parturients.6,7 On the other hand, the intravenous administration method 
cannot accurately target the pain conduction pathway in the surgical incision area. Some parturients still experience insufficient 
analgesic effect or short duration of analgesia,8 which further affects their postoperative early ambulation, breastfeeding, and other 
rehabilitation behaviors. Therefore, the search for regional block techniques that can reduce the dosage of opioids and improve 
analgesic specificity has become a research focus in postoperative pain management after cesarean section.

As a new type of trunk regional block technique, ultrasound-guided transverse abdominis plane block (TAPB) has 
gradually demonstrated its application value in postoperative analgesia for abdominal surgery in recent years.9,10 By 
injecting local anesthetics into the fascial plane between the internal oblique muscle and transverse abdominis muscle, 
this technique can effectively block the sensory branches of the T7-L1 spinal nerves that innervate the anterior abdominal 
wall, thereby achieving accurate blocking of pain conduction in the surgical incision area.11 Compared with traditional 
intravenous analgesia regimens, TAPB has the advantages of clear analgesic targets and fewer systemic adverse 
reactions. Moreover, the application of ultrasound guidance significantly improves the accuracy and safety of the 
block operation, reducing the risk of complications such as vascular and visceral injuries. At present, ropivacaine, as 
a long-acting amide local anesthetic, has become a preferential local anesthetic for TAPB due to its high degree of 
separation between sensory and motor nerve blocks and low cardiac toxicity.

However, clinical practice has found that when ropivacaine is used alone for TAPB, the duration of analgesia is difficult to 
meet the key analgesic needs of 24–48 hours after abdominal surgery.12,13 This leads to frequent additional administration of 
analgesic drugs or the initiation of rescue analgesic measures for parturients, which not only increases the burden of medical 
operations but also affects the postoperative rehabilitation experience of parturients. Therefore, how to extend the analgesic 
duration of ropivacaine in TAPB through combined drug application has become a core breakthrough point for further improving 
the analgesic effect of TAPB after cesarean section. In recent years, a number of clinical studies have shown that adding opioids 
to local anesthetics can enhance the analgesic effect and prolong the analgesic duration in spinal anesthesia.14,15

Hydromorphone, as a semi-synthetic opioid analgesic, has the characteristics of high analgesic potency, rapid onset, long 
duration of action, and inactive metabolites, showing good application prospects in postoperative pain management.16 However, 
up to now, studies on peripheral nerve block with hydromorphone combined with ropivacaine in postoperative analgesia are still 
relatively scarce, and its safety and effectiveness have not been fully verified. In erector spinae plane block after breast surgery, no 
significant differences were detected between hydromorphone combined with ropivacaine and ropivacaine alone in terms of the 
analgesic effect, but hydromorphone was associated with lower IL-6.17 Similarly, hydromorphone combined with ropivacaine 
did not improve the analgesic effect in comparison with ropivacaine alone in serratus anterior plane block.18 However, 
hydromorphone was reported to exhibit a synergistic effect with ropivacaine in brachial plexus block.19

Our pilot observation found that hydromorphone as an adjuvant to ropivacaine prolonged the analgesic duration of 
TAPB after cesarean section. Therefore, this study intends to compare the effects of ultrasound-guided TAPB with 
hydromorphone combined with ropivacaine and ropivacaine alone in postoperative analgesia after cesarean section 
through a randomized controlled trial. The use of hydromorphone is supposed to improve the analgesia effects of TAPB.

Methods
Study Design and Setting
This was a double-blinded, prospective, single-center, randomized controlled trial conducted at Dazhou Integrated TCM& 
Western Medicine Hospital. The study protocol was reviewed and approved by the Ethics Committee of Dazhou Integrated 
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TCM& Western Medicine Hospital (Approval No.: 2025-09) and registered in the Chinese Clinical Trial Registry 
(ChiCTR2500110705) prior to participant enrollment. The trial was carried out in accordance with the principles of the 
Declaration of Helsinki and the Consolidated Standards of Reporting Trials (CONSORT) statement. All participants or their 
legal representatives provided written informed consent before enrollment.

Participants
Inclusion and Exclusion Criteria
Eligible participants were parturients scheduled for elective cesarean section at Dazhou Integrated TCM& Western 
Medicine Hospital, meeting the following criteria: Singleton pregnancy with full-term gestation (≥37 weeks of gestation); 
Age ranging from 20 to 39 years; Body Mass Index (BMI) between 18 and 30 kg/m2; American Society of 
Anesthesiologists (ASA) physical status classification II or III; Ability to communicate effectively and comply with 
the study procedures (eg, complete pain assessments and record daily activities).

Parturients were excluded if they had: Severe cardiopulmonary diseases (eg, heart failure, severe chronic obstructive 
pulmonary disease) or pregnancy complications (eg, preeclampsia with severe features, gestational diabetes with 
ketoacidosis); Contraindications to neuraxial anesthesia (eg, coagulation disorders, spinal stenosis, infection at the 
puncture site); A history of chronic pain disorders or long-term use of analgesic drugs; Mental disorders (eg, schizo
phrenia, major depressive disorder) or language communication barriers that prevented accurate expression of pain; 
A known allergy to study-related drugs; Infection, ulceration, or other pathological changes in the abdominal wall skin 
that might interfere with TAPB operation.

Participants were withdrawn from the study if: They or their family members requested to terminate participation 
voluntarily; Severe adverse reactions occurred during the study (eg, excessively high anesthetic level); The anesthesia 
plan was modified intraoperatively (eg, conversion from spinal anesthesia to general anesthesia due to failed spinal 
puncture; additional epidural anesthesia due to insufficient anesthetic level); The ultrasound image for TAPB was 
unsatisfactory (eg, unclear visualization of the abdominal muscle layers, inability to confirm the target fascial plane); 
Severe surgical complications occurred that required a change in the surgical approach (eg, massive postpartum 
hemorrhage requiring hysterectomy).

Sample Size Calculation
The sample size was determined based on the results of a preliminary pilot study conducted by our research team. In the pilot 
study, 10 participants were included in each group, and the median time to first rescue analgesia was 8.7 (IQR: 4.32) hours in 
the experimental group (hydromorphone combined with ropivacaine) and 4.0 (IQR: 2.03) hours in the control group 
(ropivacaine alone). Using G*Power 3.1 software for sample size estimation, with a type I error rate (α) set at 0.05 (two- 
tailed), a power (1-β) of 0.90, and an anticipated dropout rate of 10%, the minimum sample size required for each group was 
calculated to be 45. Therefore, a total of 90 participants were enrolled and randomly assigned to the two groups.

Randomization and Allocation Concealment
After confirming eligibility, participants were randomly assigned to either the experimental group (Group R+H) or the 
control group (Group R) at a 1:1 ratio using a random number table generated by a statistician who was not involved in 
participant recruitment, data collection, or final analyses. The random number was generated using the SPSS software 
and no block randomization was applied. The random number table was pre-prepared and sealed in opaque, sequentially 
numbered envelopes. After obtaining informed consent, the research coordinator opened the envelope corresponding to 
the participant’s enrollment order to determine the group allocation. Outcome assessors, the anesthesiologists performing 
TAPB, the patients, and statisticians performing final analyses were strictly blinded to group allocation.

Anesthesia and Analgesia Protocols
All participants were instructed to fast for 8 hours and abstain from clear liquids for 4 hours before surgery to prevent 
aspiration. Upon arrival at the operating room, standard monitoring was initiated, including electrocardiography (ECG), 
non-invasive blood pressure (NIBP), and pulse oxygen saturation (SpO2). A peripheral venous access was established in 
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the upper limb, and 5 mL/kg of compound sodium chloride injection (Ringer’s lactate solution) was infused intrave
nously as preload to maintain hemodynamic stability.

Spinal anesthesia was performed by an experienced anesthesiologist. The participant was placed in the lateral 
decubitus position, and the L3-L4 intervertebral space was identified as the puncture site. After routine disinfec
tion of the skin and local infiltration anesthesia with 1% lidocaine, a 25G spinal needle was inserted into the 
subarachnoid space. Once clear cerebrospinal fluid (CSF) was observed to flow out of the needle, and no blood 
was aspirated, 2.5 mL of 0.6% isobaric ropivacaine hydrochloride injection was slowly injected into the subar
achnoid space. Immediately after the injection, the participant was turned to the supine position, and the abdomen 
was gently tilted to the left to avoid aortocaval compression syndrome. Oxygen was administered via a face mask 
at a flow rate of 4 L/min throughout the surgery. The level of sensory block was assessed using a pinprick test, 
and the anesthetic level was adjusted to be between T5 and T8 to ensure adequate surgical anesthesia.

Intraoperative blood pressure and heart rate were monitored continuously. If systolic blood pressure (SBP) decreased 
by >20% from baseline or fell below 90 mmHg, intravenous vasopressors were given as follows: 0.3 mg metaraminol 
bitartrate for HR ≥100 bpm, and 3–6 mg ephedrine hydrochloride for HR <100 bpm. Repeat administration was allowed 
if necessary to maintain hemodynamic stability. Immediately after fetal delivery, 100 ug of carbetocin injection was 
administered slowly intravenously to prevent postpartum hemorrhage.

TAPB was performed by the same experienced anesthesiologist immediately after surgery completion. The 
participant remained in the supine position. The puncture site was located on the abdominal wall between the 
costal margin and the iliac spine, near the midaxillary line. The skin around the puncture site was disinfected with 
2% chlorhexidine gluconate alcohol solution, and a sterile drape was applied. A high-frequency linear ultrasound 
probe was coated with ultrasound gel and covered with a sterile sheath. The probe was placed horizontally at the 
level of the umbilicus and moved laterally to the midaxillary line to identify the three layers of abdominal muscles 
(external oblique muscle, internal oblique muscle, and transverse abdominis muscle) and the fascial plane between 
the internal oblique muscle and transverse abdominis muscle (the target plane for TAPB).

A 22G blunt-tip regional block needle was inserted in-plane with the ultrasound probe. After confirming that the needle 
tip was located in the target fascial plane using real-time ultrasound guidance, 3 mL of normal saline was injected to confirm 
the correct position (observation of fascial separation). Consequently, 20 mL of a mixture containing 0.25% ropivacaine 
hydrochloride and 0.2 mg of hydromorphone hydrochloride was injected in Group R+H, while 20 mL of 0.25% ropivacaine 
hydrochloride was injected in Group R. During the injection, real-time ultrasound was used to monitor the spread of the drug 
solution, which typically appeared as a fusiform or strip-shaped hypoechoic area expanding bilaterally in the target fascial 
plane. The same procedure was repeated on the contralateral side to complete bilateral TAPB.

After TAPB, all participants were connected to a PCIA pump. The PCIA solution was prepared as follows: 10 mg 
of hydromorphone hydrochloride, 8 mg of ondansetron hydrochloride, and 100 ug of dexmedetomidine hydro
chloride were mixed and diluted with normal saline to a total volume of 100 mL. The PCIA pump was set with the 
following parameters: Loading dose: 3 mL; Bolus dose: 1.5 mL; Background infusion rate: 2 mL/h; Lockout time: 
15 minutes. Participants were instructed on how to use the PCIA pump to self-administer a bolus dose when 
experiencing pain.

After getting back to the wards, diclofenac sodium suppository 50 mg was applied per rectum twice daily.

Outcome Measures
Primary Outcome
The primary outcome of this study was the time to first rescue analgesia, defined as the time interval from the completion 
of TAPB to the first time the participant requested PCIA due to uncontrolled pain.

Secondary Outcomes
Serum Prolactin (PRL) Level 
Venous blood samples (3 mL) were collected from each participant at three time points: 10 minutes before surgery, 
24 hours after surgery, and 48 hours after surgery. The blood samples were centrifuged at 5000 rpm for 10 minutes with 
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a centrifugal radius of 12 cm. The supernatant (serum) was separated and stored at −20°C until analysis. The serum PRL 
concentration was measured using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (Cat. No.: 
KE00172, R&D Systems, Minneapolis, USA) according to the manufacturer’s instructions. The detection range of the kit 
was 31.25–2000 pg/mL, and the intra-assay and inter-assay coefficients of variation were <5% and <10%, respectively.

Pain Intensity Assessment 
The numerical rating scale (NRS) was used to assess the intensity of incisional pain at rest and during movement (defined 
as slow turning in bed or sitting up from the supine position) at four time points after surgery: 4 hours, 12 hours, 
24 hours, and 48 hours. All pain assessments were performed by a trained research nurse who was blinded to the group 
allocation.

PCIA Usage 
The PCIA pump data were recorded at 4 hours, 12 hours, 24 hours, and 48 hours after surgery, including: The number of 
PCIA bolus presses; The total amount of PCIA drug solution used (in mL). These data were extracted directly from the 
PCIA pump’s built-in memory and verified by the research nurse.

Postoperative Recovery Indicators 
Time to first ambulation: The time interval from the end of surgery to the first time the participant walked independently 
with assistance (for a distance of at least 5 meters);

Time to first flatus: The time interval from the end of surgery to the first time the participant reported passing flatus;
Time to first spontaneous urination: All participants had an indwelling urinary catheter inserted during surgery, which 

was removed 24 hours after surgery. The time to first spontaneous urination was defined as the time interval from the 
removal of the urinary catheter to the first time the participant urinated spontaneously (within 8 hours after catheter 
removal).

Adverse Reactions 
Nausea and vomiting; Urinary retention: Defined as the inability to urinate spontaneously within 8 hours after the 
removal of the indwelling urinary catheter, requiring catheterization again; Pruritus; Dizziness; Drowsiness; Respiratory 
depression: Defined as a respiratory rate <10 breaths per minute or SpO2 <90% (with oxygen supplementation 
discontinued for 5 minutes), requiring clinical intervention (eg, oxygen supplementation, naloxone administration). All 
adverse reactions were recorded by the research nurse and confirmed by the attending physician, and the corresponding 
treatment measures were documented.

Patient Satisfaction Assessment 
At 48 hours after surgery, patient satisfaction with postoperative analgesia was evaluated using a 10-point numerical 
rating scale. The higher points refer to more satisfaction regarding the analgesic effects and adverse events.

Statistical Analysis
All statistical analyses were performed using SPSS 23.0 software (IBM Corp., Armonk, NY, USA). The normality of 
continuous data was tested using the Shapiro–Wilk test, and the homogeneity of variances was tested using Levene’s test. 
Continuous data that conformed to a normal distribution were expressed as mean ± standard deviation (�x� SD), and 
between-group comparisons were performed using independent-sample t-test. Continuous data that did not conform to 
a normal distribution were expressed as median and interquartile range [M (Q1, Q3)], and between-group comparisons 
were performed using the Mann–Whitney U-test. Categorical data were expressed as counts and percentages (n, %), and 
between-group comparisons were performed using the chi-square (χ2) test or Fisher’s exact test (when the expected 
frequency in any cell was <5). A P value <0.05 was considered statistically significant.
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Results
Demographic and Baseline Characteristics
From October 20 to December 20, 2025, 128 patients undergoing elective cesarean section were assessed for eligibility. 
Among them, 90 parturients were enrolled in this study and randomly assigned to Group R (n=45) and Group R+H 
(n=45). No participants were withdrawn due to severe adverse reactions, protocol violations, or voluntary withdrawal, 
resulting in a 100% completion rate for the study. The study flowchart was displayed in Figure 1.

As presented in Table 1, there were no statistically significant differences in baseline demographic characteristics 
between the two groups. All 90 parturients achieved the targeted sensory block height of T5–T8 within 5 minutes of 
spinal anesthesia administration, with no between-group differences in block height distribution (Group R: 28/45 
[62.22%] T5–T6, 17/45 [37.78%] T7–T8; Group R+H: 27/45 [60.00%] T5–T6, 18/45 [40.00%] T8; p = 0.924). The 
duration of surgery was 49.1 ± 5.8 minutes for Group R and 47.9 ± 6.5 minutes for Group R+H (p = 0.891), and all 
participants maintained the targeted sensory block height throughout the procedure. No additional intraoperative 
analgesia, anesthetics, or supplemental nerve blocks were required in either group, and no participant reported intrao
perative pain or exhibited hemodynamic/behavioral responses to surgical stimulation.

PCA Outcomes
Significant differences in PCA-related outcomes were observed between Group R and Group R+H, as shown in Table 2. 
The time to first PCA use was substantially prolonged in Group R+H compared with Group R (7.32±4.80 h vs. 3.49 
±1.74 h, p<0.001). In terms of analgesic consumption, Group R+H consistently exhibited lower consumption at all time 
points compared with Group R. Specifically: At 4 hours post-TAPB: 8.10±0.38 mL vs. 9.03±1.86 mL, p=0.001; At 

Enrollment

Allocation

Follow-up

Analysis

Assessed for eligibility (n=128)

Randomized (n=90)

Allocated to group R+H (n=45) Allocated to group R (n=45)

Analyzed for outcomes(n=45) Analyzed for outcomes (n=45)

Excluded (n=38):
>39 years (n=12)
BMI >30 (n=6)
Refuse TAPB (n=5)
Refuse to participate (n=5)

Withdrew (n=0)
Dropped out (n=0)

Withdrew (n=0)
Dropped out (n=0)

Figure 1 Study flowchart. Group R+H: 0.25% ropivacaine plus 0.2 mg hydromorphone; Group R: 0.25% ropivacaine.
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12 hours post-TAPB: 26.70±2.69 mL vs. 29.20±5.64 mL, p=0.009; At 24 hours post-TAPB: 52.67±4.12 mL vs. 57.60 
±8.96 mL, p=0.001; At 48 hours post-TAPB: 101.83±5.62 mL vs. 105.67±8.91 mL, p=0.017.

When analyzing the hourly intervals, the difference in analgesic consumption remained significant during the 
4–12 h (18.60±2.68 mL vs. 20.17±4.27 mL, p=0.040) and 12–24 h (25.97±2.80 mL vs. 28.40±4.54 mL, p=0.003) 

Table 1 Demographic Data of the Patients

Group R Group R+H p

Age (years) 29.38 ± 3.66 30.27 ± 2.85 0.202
Body weight (kg) 66.71 ± 7.12 66.36 ± 7.90 0.826

Height (cm) 158.38 ± 3.89 160.18 ± 5.10 0.063

BMI (kg/m2) 26.59 ± 2.58 25.83 ± 2.55 0.167
ASA II: III=45:0 II: III=45:0 1.000

Surgery time 0.327

Morning (n, %) 36, 80.00% 32, 71.11%
Afternoon (n, %) 9, 20.00% 13, 28.89%

Parity 0.396
0 (n, %) 39, 86.67% 36, 80.00%

1 (n, %) 6, 13.33% 9, 20.00%

Lactation history 0.396
No (n, %) 39, 86.67% 36, 80.00%

Yes (n, %) 6, 13.33% 9, 20.00%

Cesarean history 0.180
No (n, %) 42 38

Yes (n, %) 3 7

Abbreviations: BMI, body mass index; ASA, American Society of 
Anesthesiologists.

Table 2 Comparison of Patient-Controlled Analgesia (PCA) Outcomes. The Data are Presented as 
Mean ± SD, Median (25th IQR, 75th IQR) [Range] or n (%)

Group R Group R+H p

First time of using PCA (h) 3.49 ± 1.74 7.32 ± 4.80 <0.001

Consumption of analgesics 4h after TAPB (mL) 9.03 ± 1.86 8.10 ± 0.38 0.001
Consumption of analgesics 12h after TAPB (mL) 29.20 ± 5.64 26.70 ± 2.69 0.009

Consumption of analgesics from 4–12h after TAPB (mL) 20.17 ± 4.27 18.60 ± 2.68 0.040

Consumption of analgesics 24h after TAPB (mL) 57.60 ± 8.96 52.67 ± 4.12 0.001
Consumption of analgesics from 12–24h after TAPB (mL) 28.40 ± 4.54 25.97 ± 2.80 0.003

Consumption of analgesics 48h after TAPB (mL) 105.67 ± 8.91 101.83 ± 5.62 0.017
Consumption of analgesics from 24–48h after TAPB (mL) 48.07 ± 0.31 49.17 ± 2.84 0.011

PCA within 4h (n) 0 (0, 1) [0–6] 0 (0, 0) [0–1] 0.001

PCA within 12h (n) 2 (1, 4.5) [0–15] 1 (0, 3) [0–6] <0.001
PCA from 4–12h (n) 1 (0, 3) 0.5 (0, 2) 0.118

PCA within 24h (n) 5 (1.5, 7.5) [0–22] 3 (1, 4.5) [0–12] 0.008

PCA from 12–24h (n) 3 (1, 4) 1 (0, 3.75) 0.002
PCA within 48h (n) 5 (1.5, 7.5) [0–22] 3 (1, 4.5) [0–12] 0.037

PCA from 24–48h (n) 0 (0, 0) 0 (0, 0) 0.051

Patients require PCA within 4h 16 (35.56%) 3 (6.67%) 0.001
Patients require PCA within 12h 35 (77.78%) 30 (73.33%) 0.239

Patients require PCA within 24h 39 (86.67%) 38 (84.44%) 0.764

Patients require PCA within 48h 40 (88.89%) 38 (84.44%) 0.535

Abbreviation: TAPB, Transversus Abdominis Plane Block.
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periods. However, no statistical difference was found in the 24–48 h interval (49.17±2.84 mL vs. 48.07±0.31 mL, 
p=0.051).

In addition, the number of PCA presses within specific time frames was significantly lower in Group R+H (All 
p<0.05, Table 2). Consistently, the proportion of patients requiring PCA within 4 hours was markedly lower in Group R 
+H (6.67%, 3/45) than in Group R (35.56%, 16/45) (p=0.001, Table 2). However, no significant differences were 
observed in the proportion of patients requiring PCA within 12 hours (73.33% vs. 77.78%, p=0.239), 24 hours (84.44% 
vs. 86.67%, p=0.764), or 48 hours (84.44% vs. 88.89%, p=0.535) between the two groups (Table 2).

Pain Intensity Assessment
At 4 and 12 hours post-TAPB, Group R+H demonstrated significantly lower NRS scores than Group R in both resting 
and exercise states (All p<0.05, Table 3). In contrast, at 24 and 48 hours post-TAPB, the NRS scores (both resting and 
exercise) were similar between the two groups, with no statistically significant differences (All p>0.05, Table 3).

Perioperative Serum Prolactin (PRL) Levels
As shown in Table 4, there were no significant differences in serum PRL concentrations between Group R and Group R 
+H at any of the three time points measured (All p>0.05).

Postoperative Recovery Indicators, Adverse Events, and Patient Satisfaction
Table 5 shows that the key postoperative recovery indicators were comparable between the two groups: Time to first 
ambulation: 26.64±2.08 h (Group R+H) vs. 27.29±1.85 h (Group R), p=0.119; Time to first flatus (a marker of 
gastrointestinal function recovery): 32.30±10.70 h (Group R+H) vs. 31.30±12.02 h (Group R), p=0.677; Time to 
spontaneous voiding: 3.01±0.55 h (Group R+H) vs. 3.05±0.56 h (Group R), p=0.732.

Table 3 Comparison of Pain Scores at Different Post-Block Hours. 
The Data are Presented as Median (25th IQR, 75th IQR) [Range]

Group R Group R+H p

4h

NRS score (resting) 1 (0, 1) [0–2] 0 (0, 0) [0–1] <0.001

NRS score (exercising) 3 (2, 3) [0–4] 2 (1, 2.5) [0–3] <0.001
12h

NRS score (resting) 1 (0, 1) [0–3] 0 (0, 1) [0–2] <0.001

NRS score (exercising) 3 (2.5, 3) [0–5] 2 (2, 3) [1–4] <0.001
24h

NRS score (resting) 1 (0, 1) [0–3] 1 (0, 1) [0–2] 0.843

NRS score (exercising) 2 (2, 3) [1–4] 2 (2, 3) [1–4] 0.724
48h

NRS score (resting) 0 (0, 1) [0–2] 1 (0, 1) [0–1] 0.919

NRS score (exercising) 1 (1, 2) [0–3] 1 (1, 2) [0–4] 0.848

Abbreviation: NRS, numerical rating scale.

Table 4 Perioperative Changes of Prolactin in the Groups. The Data are 
Presented as Mean ± SD

Group R Group R+H p

Preoperative prolactin (ng/mL) 365.40 ± 95.76 374.86 ± 92.07 0.634
Prolactin postoperative day 1 (ng/mL) 372.06 ± 93.11 382.93 ± 88.23 0.571

Prolactin postoperative day 2 (ng/mL) 387.05 ± 50.23 385.24 ± 40.34 0.851
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No severe adverse events (eg, respiratory depression, urinary retention) were reported in either group (Table 5). The 
incidence of mild-to-moderate adverse events was similar between the two groups (All p>0.05, Table 5).

Patient satisfaction with the analgesic regimen was significantly higher in Group R+H than in Group R (9 (9, 10) vs. 8 
(8, 9), p=0.004, Table 5).

Discussion
This study evaluated the efficacy and safety of ultrasound-guided TAPB using ropivacaine combined with hydromor
phone versus ropivacaine alone for postoperative analgesia in parturients undergoing cesarean section. The key findings 
indicate that adding hydromorphone to ropivacaine significantly enhances the early analgesic effect of TAPB, reduces 
rescue analgesic requirements, improves patient satisfaction, and does not compromise perioperative prolactin levels, 
postoperative recovery, or safety.

The primary outcome of this study, time to first PCA use, was substantially prolonged in Group R+H (7.32±4.80 h) 
compared with Group R (3.49±1.74 h), and this advantage was accompanied by lower analgesic consumption at 4, 12, 
24, and 48 h post-TAPB. Consistent with this, Group R+H exhibited significantly lower numerical rating scale (NRS) 
scores at rest and during exercise at 4 and 12 h post-TAPB. These results collectively confirm that hydromorphone 
extends the analgesic duration of ropivacaine-based TAPB and strengthens early pain control. The synergistic mechanism 
underlying this effect may attribute to pharmacodynamic principles. Ropivacaine, a long-acting amide local anesthetic, 
blocks voltage-gated sodium channels in spinal sensory nerves to inhibit pain signal conduction,20 while hydromorphone 
—an opioid agonist with high affinity for μ-receptors—suppresses pain signal transmission at the spine level.21 This dual 
action of the two analgesics prolongs the time to first rescue analgesia and reduces early pain intensity. Similar findings 
have been reported in previous studies. Yang et al22 reported that epidural co-administration of a higher dose (0.6 mg) of 
hydromorphone and ropivacaine yields adequate postoperative analgesia in cesarean section. 5 μg/kg hydromorphone 
exhibits a synergistic effect with ropivacaine in brachial plexus block, strengthening the block efficacy in children.19 

Chen et al18 observed that additional hydromorphone (1 mg) for peripheral nerve block was related to significantly better 
pain control in thoracic surgery. Nevertheless, Cao et al17 failed to reach similar conclusion in breast surgery. The 
potential reason may be the inadequate sample size, as they did not provide the calculations for it.

Serum PRL, a hormone essential for lactogenesis and milk secretion, is sensitive to physiological stress and opioid 
exposure.23,24 However, our data showed no significant differences in PRL levels between Group R and Group R+H at 
baseline (preoperative), postoperative day 1, or postoperative day 2. This finding suggests that the low-dose hydro
morphone used in TAPB does not interfere with PRL homeostasis. In addition, postoperative pain control by TAPB or 
PCIA limits the influence of pain on PRL.

This study has several limitations that should be considered when interpreting the results. First, the sample size was 
calculated based on a preliminary pilot study, and the relatively small cohort (n=45 per group) may limit the generalizability of 
results to parturients with extreme BMI (eg, >30 kg/m2) or comorbidities (eg, chronic pain), who were excluded from this 

Table 5 Adverse Events and Satisfaction Scores of the Groups. The Data 
are Presented as Mean ± SD, n (%) or Median (25th IQR, 75th IQR) [Range]

Group R Group R+H p

Time to first ambulation (h) 27.29 ± 1.85 26.64 ± 2.08 0.119

Time to first flatus (h) 31.30 ± 12.02 32.30 ± 10.70 0.677

Time to spontaneous voiding (h) 3.05 ± 0.56 3.01 ± 0.55 0.732
Nausea and vomiting 10 (22.22%) 8 (17.78%) 0.598

Dizziness 9 (20.00%) 6 (13.33%) 0.396

Drowsiness 14 (31.11%) 11 (24.44%) 0.480
Urinary Retention 0 (0) 0 (0) 1.000

Pruritus 2 (4.44%) 1 (2.22%) 1.000
Respiratory suppression 0 (0) 0 (0) 1.000

Satisfaction score 8 (8, 9) [7–10] 9 (9, 10) [8–10] 0.004
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study. Second, we only assessed short-term outcomes and did not evaluate long-term outcomes such as chronic postsurgical 
pain or lactation duration—important endpoints for cesarean section research. Third, due to the influence of spinal anesthesia, 
we cannot assess the success of TAPB and the blockage range. Alternatively, the TAPB was performed under ultrasound 
guidance by a skillful anesthesiologist, which minimizes this bias. Finally, we did not measure plasma concentrations of 
ropivacaine or hydromorphone, so the extent of systemic absorption and systemic redistribution following TAPB adminis
tration cannot be quantified. Moreover, it remains difficult to confirm whether the analgesic effect of perineurally administered 
hydromorphone is derived solely from peripheral opioid receptor activation or from a central analgesic effect subsequent to 
systemic redistribution. Nevertheless, our results demonstrate the safety and efficacy of hydromorphone as an adjuvant in 
TAPB, adding to the evidence for the use of opioids in peripheral nerve blocks.25

Conclusion
In parturients undergoing cesarean section, ultrasound-guided TAPB with ropivacaine combined with hydromorphone 
significantly improves early postoperative analgesia compared with ropivacaine alone. Importantly, this regimen pre
serves perioperative PRL levels, does not increase adverse events, and enhances patient satisfaction. These findings 
support the use of hydromorphone-combined TAPB as a safe and effective analgesic strategy for cesarean section, 
particularly for parturients prioritizing early pain control and lactation preservation.

Trial Registration
Chinese Clinical Trial Registry (ChiCTR2500110705).

Data Sharing Statement
The data can be accessed from the first author and corresponding author on reasonable request.
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