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Objective: This study aimed to evaluate the analgesic efficacy and duration of a single bilateral erector spinae plane block (ESPB) 
using a cocktail formula solution compared to plain ropivacaine in patients undergoing laparoscopic major upper abdominal surgery.
Patients and Methods: In this single-center, randomized, double-blind controlled trial, 60 patients scheduled for laparoscopic major upper 
abdominal surgery were randomized into two groups. The experimental group received ultrasound-guided bilateral ESPB with 40 mL of 
a cocktail solution (0.375% ropivacaine + 2μg/mL epinephrine + 0.1mg/mL dexamethasone + 2.5mg/mL magnesium sulfate + 15mg/mL 
sodium bicarbonate). The control group received bilateral ESPB with 40 mL of 0.375% ropivacaine alone. Both groups received postoperative 
patient-controlled intravenous analgesia (PCIA). The primary outcome was total intravenous morphine equivalent analgesic consumption 
(including PCIA and rescue analgesia) at 0–48h and 24–48h postoperatively. Secondary outcomes included modified NRS pain scores, Ramsay 
sedation scores, patient satisfaction scores, time to first ambulation, time to first flatus, hospital discharge time, and incidence of complications.
Results: Fifty-seven patients were included in the final analysis. The total morphine equivalent consumption at 0–48h and 24–48h was 
significantly lower in the experimental group (30.12 mg and 13.14 mg, respectively) compared to the control group (38.62 mg and 16.72 mg, 
respectively) (p ≤ 0.05). The experimental group also had significantly lower modified NRS pain scores at 1, 3, 6, 12, 24, 36, and 48 hours 
postoperatively and higher patient satisfaction scores (p ≤ 0.05). There were no significant differences in sedation scores, complication rates, or 
recovery indices between the groups.
Conclusion: A single ESPB with the cocktail formula solution significantly prolongs analgesia for up to 48 hours and provides superior 
analgesic efficacy compared to plain ropivacaine in patients undergoing laparoscopic major upper abdominal surgery, without increasing 
complications.
Keywords: erector spinae plane block, cocktail formula solution, major upper abdominal surgery, postoperative analgesia, randomized 
controlled trial

Introduction
Postoperative analgesia is a key component of perioperative management; however, the incidence of moderate-to-severe 
pain remains high, particularly following upper abdominal surgeries that are extensive and of long duration.1,2 Currently, 
a variety of analgesic modalities are available after upper abdominal surgery, including patient-controlled intravenous 
analgesia (PCIA),3–7 continuous epidural analgesia (PCEA),5,8–11 continuous peripheral nerve block (PCNB),3,9–12 and 
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multimodal strategies. Although PCIA is effective, opioid-related adverse effects are significant;4,7,12,13 PCEA provides 
superior analgesia but is technically complex and associated with risks such as hypotension and infection.14 Single- 
injection nerve blocks are simple to perform but have a limited duration of action,14,15 whereas continuous nerve blocks 
provide sustained analgesia but may be complicated by catheter displacement and other issues.11,14

The erector spinae plane block (ESPB), a relatively new peripheral nerve block technique, involves ultrasound- 
guided injection of local anesthetic into the fascial plane to block the corresponding segmental nerves, thereby 
providing both somatic and visceral analgesia.16 ESPB is suitable for major upper abdominal surgeries, such as 
those involving the liver and pancreas, and is particularly safe for patients receiving anticoagulation therapy. Studies 
have shown that continuous ESPB provides analgesia that is superior or comparable to conventional methods and 
can extend up to 72 hours.17 Nevertheless, its widespread adoption remains limited by the duration of the local 
anesthetic and catheter management.18

To prolong the duration of single-injection nerve blocks, researchers have investigated novel drugs and combination 
formulations. Liposomal bupivacaine allows for the slow release of local anesthetic for up to 72 hours, but its clinical use 
is currently limited.19,20 Alternatively, adjuvant mixtures—such as ropivacaine in combination with epinephrine and 
dexamethasone—can significantly extend the duration of analgesia.21–23 Some studies have indicated that the “cocktail” 
formulation, which includes ropivacaine, epinephrine, dexamethasone, magnesium sulfate, and sodium bicarbonate, can 
effectively prolong analgesia and reduce opioid consumption in joint surgery.24 This compound solution contains 
magnesium sulfate and sodium bicarbonate, which further enhance ropivacaine’s nerve-blocking effect, and studies 
have confirmed the safety of this drug combination.24–29

Therefore, this study aims to employ this cocktail formulation as a single-injection ESPB for patients undergoing 
major laparoscopic upper abdominal surgery, in order to evaluate its efficacy in prolonging analgesia, reducing opioid 
usage, and improving the quality of postoperative recovery.

Patients and Methods
Study Design and Ethics
A single-center, randomized, double-blind, controlled trial design was employed. This study was approved by the Biomedical 
Ethics Committee of Chengdu Shangjin Nanfu Hospital, Approval No.: 2024 Year Review (43) No. It was registered in July 2024 
at the China Clinical Trial Registration Center, Registration No. ChiCTR2400086457, and documented in the Medical Research 
Registration System in August 2024. Clinical research was conducted from August 2024 to March 2025. Sixty patients were 
randomly assigned to the control group and the experimental group in a 1:1 ratio using computer-generated random sequences, 
and all allocation information was concealed using sealed envelopes. The study complied with the Declaration of Helsinki 
throughout.

Participants
All study cases were sourced from the Anesthesiology Surgical Center of Chengdu Shangjin Nanfu Hospital.

Inclusion Criteria
1. Patients undergoing elective major laparoscopic abdominal surgery (such as liver cancer, gallbladder cancer, and 

pancreatic cancer);
2. Preoperative ASA (American Society of Anesthesiologists) classification of I–III;
3. Patients aged 18–75 years;
4. Patients who agreed to participate in the study and signed informed consent.

Exclusion Criteria
1. History of allergy to the study drugs;
2. Morphine addiction or neuromuscular disease;
3. Infection at the puncture site;
4. Patients unable to communicate verbally.
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Withdrawal Criteria
1. Patients unable to complete the trial and follow-up for various reasons;
2. Patients whose surgery needs to be terminated intraoperatively due to clinical reasons, require a change in surgical 

method, or undergo a secondary surgery;
3. The occurrence of unanticipated complications such as nerve damage or postoperative massive bleeding. 

Neuromuscular disease, infection at the puncture site, or inability to communicate.

Intervention
Patients were randomized to:

Control Group: 0.375% Ropivacaine, total 40mL.
Experimental Group: 0.375% Ropivacaine + adrenaline 2μg/mL + dexamethasone 0.1mg/mL + magnesium sulfate 

2.5mg/mL + sodium bicarbonate 15mg/mL, total 40mL.
An independent researcher prepared the corresponding study drugs according to the enrollment number, which were 

provided to the block operator in a confidential manner. The researcher no longer participated in the study process prior 
to unblinding.

Both groups underwent bilateral erector spinae plane block (ESPB) at the T8-T9 level under ultrasound guidance after 
surgery completion, with 20mL of drug injected at each site.

Standardized Anesthesia Protocol
After entering the operating room, patients were subjected to the unified anesthesia and surgical protocol of our hospital. Non- 
invasive blood pressure, finger pulse oximetry, and ECG monitoring were conducted. Anesthesia induction was achieved with: 
Midazolam 0.02–0.04mg/kg or Remimazolam 0.1–0.3mg/kg, Sufentanil 0.3–0.5μg/kg, Propofol 1–2mg/kg, Cisatracurium 
0.2–0.3mg/kg, or Vecuronium 0.08–0.12mg/kg. Invasive blood pressure monitoring was established after induction. 
Maintenance of anesthesia was performed using: Sevoflurane 1–3% and/or Propofol 4–6mg/(kg.h), Remifentanil 0.1–0.2μg/ 
(kg.min), intermittent bolus of Cisatracurium or Vecuronium to maintain muscle relaxation. The dosage of maintenance 
anesthetic drugs was adjusted according to the patient’s condition during surgery.

Twenty minutes before the end of the surgery, intravenous Sufentanil 5μg was administered to control postoperative 
pain. At the end of the surgery, an intravenous analgesia pump was connected, with the analgesic pump formulation: 
Hydromorphone Hydrochloride 10mg + Granisetron 12mg + Normal Saline 155mL, analgesia pump parameters set to: 
background dose 1.2mL/h, bolus dose 1.5mL, lockout time 15 minutes.

Erector Spinae Plane Block Procedure
After the procedure and extubation, an experienced nerve block physician performed the erector spinae plane block under 
ultrasound guidance using a CCZA-type 22G x 100 mm puncture needle (Suzhou Leap Medical) and a Mindray M9 portable 
color Doppler ultrasound diagnostic system (UMT-500, Shenzhen Mindray Medical). The block was performed at bilateral 
T8–T9 levels using either an in-plane or out-of-plane approach. After the needle tip reached the designated position, the 
control group received an injection of 0.375% Ropivacaine 20mL on each side, totaling 40mL bilaterally. The experimental 
group received an injection of a cocktail consisting of 0.375% Ropivacaine + adrenaline 2μg/mL + dexamethasone 0.1mg/ 
mL + magnesium sulfate 2.5mg/mL + sodium bicarbonate 15mg/mL, with 20mL injected on each side, totaling 40mL 
bilaterally. Ultrasound images were taken after drug injection for traceability and subsequent result analysis. The success 
criterion for the erector spinae plane block was the visualization of drug-induced expansion of the erector spinae plane space 
under ultrasound. The ultrasound images after drug injection into the erector spinae plane are shown in Figure 1.

Observation Indicators
Primary Indicators
Total intravenous analgesic drug morphine equivalent dosage (including PCIA morphine equivalent dosage and supplementation 
analgesic morphine equivalent dosage) at postoperative intervals of 0–24h, 0–48h, 0–72h, 24–48h, and 48–72h.
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Secondary Outcomes
Modified NRS pain scores, Ramsay sedation scores, patient satisfaction scores, and cumulative analgesia pump usage at 
0.5 h, 1 h, 3 h, 6 h, 12 h, 24 h, 36 h, 48 h, and 72 h postoperatively; time to first request for rescue analgesia; time to first 
ambulation; time to first flatus; hospital discharge time; and the incidence of nausea and vomiting, hypotension, block- 
related complications, and surgical complications.

Efficacy Evaluation Standards
Pain assessment was conducted using the modified NRS scoring system, as shown in Table 1. The sedation score uses the 
Ramsay Sedation Scale. Satisfaction rating criteria, using a simple four-level subjective scoring system,6 include:1 point - 
Unsatisfied;2 points - Neutral;3 points - Satisfied;4 points - Very satisfied.

Data Collection and Processing
Prior to the study commencement, training was provided to patients and their families on the modified NRS pain scoring, Ramsay 
sedation scoring, and satisfaction scoring standards, with printed copies of the scoring standards distributed. The study began at 
the time of erector spinae plane block, combining all observation points. The scoring registration form indicated the time points for 
scoring. This form was given to the patients and their families, who completed the pain scores, sedation scores, and satisfaction 
scores at each time point on the registration form, with bedside and telephone follow-up ensuring completion of scoring.

Research personnel recorded the amount of analgesic pump drug use and number of presses at each time point, total 
amount of supplemental analgesic drugs, timing of the first demand for supplemental analgesia, occurrences of nausea 
and vomiting, hypotension, block-related complications, and surgical complications, as well as the timing of the first out- 
of-bed time and time to first passage of gas, and discharge time. The amounts of analgesic pump drugs and supplemental 
analgesic drugs were converted into morphine equivalent dosages using the conversions below:

Intravenous Oxycodone 1mg = 1.52mg intravenous morphine, Oral Oxycodone 1mg = 0.5mg intravenous morphine.
Intravenous Dazocine 1mg = 0.6mg intravenous morphine, Oral Dazocine 1mg = 0.25mg intravenous morphine.
Intravenous Tramadol 1mg = 0.1mg intravenous morphine, Intravenous Hydromorphone 1mg = 7.5mg intravenous morphine.
Intravenous Sufentanil 1μg = 0.75mg intravenous morphine.

Figure 1 Ultrasound image of drug injection into the erector spinae plane.

https://doi.org/10.2147/JPR.S566625                                                                                                                                                                                                                                                                                                                                                                                                                                                                           Journal of Pain Research 2026:19 4

Lu et al                                                                                                                                                                               

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



Statistical Analysis
Based on a pilot study results, with a 4 mg MME difference at 24–48 h, SD 5 mg, α=0.05 (two-sided), power 80%, 15% 
dropout; a sample size of 60 was calculated. Statistical analysis was performed using SPSS. Normally distributed 
measurement data were presented as mean ± standard deviation, while non-normally distributed measurement data were 
presented as median (interquartile range). Comparing normally distributed measurement data with equal variances was 
performed using independent samples t-test, while for normally distributed measurement data with unequal variances, 
Welch’s t-test was employed. Comparisons of other measurement data between the two groups were conducted using the 
Mann–Whitney U-test. Categorical variables were analyzed using chi-square tests or Fisher’s exact test. A p-value ≤ 0.05 
was considered to indicate statistically significant differences.

Results
A total of 60 cases were included in the study, among which 3 patients (2 from the experimental group and 1 from the 
control group) exited the study due to severe surgical complications including pancreatic fistula and postoperative 
bleeding that required a second surgery. The remaining 57 cases, including 29 from the experimental group and 28 from 
the control group, were included in the statistical analysis. The study flowchart is presented in Figure 2.

General Information of Two Patient Groups
The general information of the two patient groups is shown in Table 2. There were no statistically significant differences 
in patient age, gender, height, weight, duration of surgery, anesthesia time, and intraoperative fluid volume.

Distribution of Disease Types in Two Patient Groups
The distribution of disease types in the two patient groups is shown in Table 3. No statistically significant differences 
were found between the two groups (p=0.651).

Comparison of Total Morphine Equivalent Doses
The comparison of total analgesic morphine equivalent doses between the two groups of patients at different time points 
is shown in Table 4 and Figure 3. In the 0–48h and 24–48h periods, the total analgesic morphine equivalent doses in the 
experimental group were significantly lower than those in the control group, with statistical significance (p≤0.05). For the 
0–24h, 0–72h, and 48–72h periods, the total morphine equivalent doses in the experimental group were numerically 
lower than those in the control group, but no statistical difference was detected.

Table 1 Pain Modified NRS Scale

NRS Score Patient’s Subjective Symptoms Pain Intensity

0 No pain felt yet

1 No pain at rest; occasional pain when coughing or turning over

2 Deep breaths do not hurt, but it hurts when coughing Mild pain, does not affect sleep

3 No pain at rest; pain with coughing and deep breathing

4 Occasional pain while resting quietly in a supine position

5 Persistent pain at rest while lying flat Moderate pain, mild impact on sleep

6 Severe pain while resting quietly in a lying position

7 Persistent severe pain, difficulty falling asleep

8 Persistent unbearable pain, profuse sweating all over the body Severe pain, unable to fall asleep or waking up from sleep due to pain

9 Severe pain, unbearable

10 Excruciating pain, beyond description

Notes: Scores of 1–3 indicate mild pain, which has little impact on sleep; scores of 4–6 indicate moderate pain, causing slight disruption to sleep; scores of 7–10 indicate 
severe pain, seriously affecting sleep.
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Comparison of Equivalent Doses of Morphine in Pain Relief Pump Usage
The comparison of equivalent doses of morphine in the pain pump usage between the two groups of patients is shown in 
Table 5. During the time periods of 0–48 hours and 24–48 hours, the experimental group had a significantly lower 

Figure 2 The study flowchart.

Table 2 General Conditions of the Two Patient Groups

Control Group  
(n=29)

Experimental Group  
(n=28)

p-value

Age (years) 52.45±17.05 53.50±13.07 0.842

Gender (Male/Female) 17/12 10/18 0.083
Height (cm) 162.55±6.99 160.11±7.79 0.217

Body Weight (Kg) 62.38±12.20 56.95±13.38 0.115

Anesthesia Duration (min) 331.28±105.16 366.64±137.15 0.587
Surgery Duration (min) 223.24±95.19 263.89±115.77 0.202

Intraoperative fluid volume (mL) 2451.72±1016.51 2701.79±1146.85 0.387

Table 3 Disease Distribution of Two Patient Groups (Units: 
Cases)

Control Group  
(Cases)

Experimental Group  
(Cases)

Pancreatic mass 13 (44.83%) 15 (53.57%)
Liver mass 10 (34.48%) 9 (32.14%)

Splenic mass 5 (17.24%) 2 (7.14%)

Stomach cancer 0 1 (3.57%)
Duodenal Tumor 1 (3.45%) 1 (3.57%)
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equivalent dose of morphine in the pain pump compared to the control group, with statistical significance (p≤0.05). In the 
remaining time periods, the experimental group showed a trend of being lower than the control group, but no statistically 
significant differences were detected.

Comparison of Cumulative Usage Volume of Pain Relief Pumps at Different Time Points
The cumulative usage volume of the pain relief pump at different time points for both groups of patients is shown in 
Figure 4. As time progressed, the difference between the two groups tended to increase, with the experimental group 
being significantly lower than the control group at 48 hours post-surgery, showing a statistically significant difference 
(p≤0.05). No statistically significant differences were found in the other time points.

Usage of Rescue Analgesics
The demand for rescue analgesics in the two groups of patients is shown in Tables 6 and 7. The number of cases 
requiring rescue analgesia was higher in the control group, but the χ2-test did not reveal a statistically significant 
difference (p=0.236). There was also no statistically significant difference in the time to first rescue analgesia between the 
two groups (p=0.767).

Comparison of Pain Scores
The modified NRS pain scores at each time point for the two groups of patients are shown in Table 8. The scores in the 
experimental group were lower than those in the control group at 1 hour, 3 hours, 6 hours, 12 hours, 24 hours, 36 hours, 
and 48 hours postoperatively, with a statistically significant difference (p≤0.05). No statistical difference was detected at 
0.5 hours and 72 hours postoperatively.

Table 4 Comparison of Total Analgesic Morphine Equivalent Dosage (Unit: Mg)

Control Group  
(n=29)

Experimental Group  
(n=28)

Effect Size  
(95% Confidence Interval)

p-value

0–24h 19.08 (16.30, 23.81) 16.34 (14.20, 20.14) −2.41 (−5.15, 0.61) 0.116

0–48h 38.62 (31.80, 43.50) 30.12 (26.08, 36.96) −6.33 (−11.84, −1.49) 0.014*

0–72h 51.62 (42.40, 58.94) 42.84 (38.16, 47.90) −6.71 (−14.24, 0.18) 0.051
24–48h 16.72 (13.14, 19.57) 13.14 (12.08, 16.96) −2.62 (−5.94, −0.42) 0.026*

48–72h 12.30 (8.90, 16.11) 12.30 (10.18, 13.46) 0 (−3, 2.12) 0.848

Note: *p ≤ 0.05 indicates a statistically significant difference.

Figure 3 Comparison of single-day (A) and cumulative (B) total intravenous opioid morphine-equivalent doses over three days. *p ≤ 0.05, there is a statistically significant 
difference.
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Comparison of Sedation Scores
The comparison of Ramsay sedation scores at various time points between the two groups of patients is shown in Table 9. 
No statistical differences were found between the experimental group and the control group.

Comparison of Satisfaction Scores
The comparison of satisfaction scores using a four-point scale for the two groups of patients at different time points is 
shown in Table 10. The satisfaction scores for the experimental group at 1 hour, 3 hours, 6 hours, 12 hours, 24 hours, 
36 hours, and 48 hours post-surgery were all higher than those of the control group, with statistically significant 
differences (p≤0.05). No statistical differences were observed at 0.5 hours and 72 hours post-surgery.

Incidence of Complications in Two Groups
The incidence of nausea and vomiting in the two groups is shown in Table 11, with no statistically significant differences 
detected (p-values of 0.67 and 1.00, respectively). In the control group, 2 cases of nausea and vomiting occurred, both 
within 24–48 hours. In the experimental group, there were 3 cases of nausea, including 2 cases of vomiting that occurred 
within 0–24 hours and 1 case of nausea without vomiting that occurred within 24–48 hours. No other complications were 
observed in either group.

Table 5 Comparison of Equivalent Morphine Dosages in Analgesic Pump Use (Unit: Mg)

Control Group  
(n=29)

Experimental Group  
(n=28)

Effect Size  
(95% Confidence Interval)

p-value

0–24h 16.96 (14.84, 19.50) 15.26 (13.78, 17.81) −1.27 (−3.39, 0.42) 0.150

0–48h 31.80 (28.41, 36.46) 27.77 (25.44, 33.07) −3.82 (−7.63, −0.85) 0.016*

0–72h 44.10 (37.10, 46.85) 40.07 (37.10, 46.85) −4.24 (−9.75, 1.27) 0.151
24–48h 14.42 (13.14, 16.11) 12.72 (11.87, 15.05) −1.70 (−3.39, −0.42) 0.025*

48–72h 12.30 (8.90, 13.99) 12.30 (10.18, 13.25) 0 (−2.54, 1.70) 0.810

Note: *p ≤ 0.05 indicates a statistically significant difference.

Figure 4 Comparison of cumulative volumes used by the analgesic pump at each time point. *p ≤ 0.05, there is a statistically significant difference.
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Table 6 Comparison of Postoperative Rescue Analgesia Requirements Between Two Patient 
Groups

0–72h Rescue Analgesia (Case) First Time to Remedy (min)

Need Not Needed

Control group (n=29) 18 (62.07%) 11 (37.93%) 675.00 (180.00, 1435.00) (n=18)
Experimental group (n=28) 13 (46.43%) 15 (53.57%) 502.00 (205.00, 1670.00) (n=13)

Table 7 Dose of Rescue Analgesic Converted to Morphine Equivalents per Day 
for the First Three Postoperative days in the Two Patient Groups (Unit: Mg)

0–24h 24–48h 48–72h

Experimental group 7.60 (4.00, 10.00)  
(n=9)

4.00 (3.50, 6.75)  
(n=7)

4.50 (3.00, 8.50)  
(n=6)

Control group 6.00 (4.00, 7.50)  

(n=15)

4.00 (3.50, 6.00)  

(n=11)

3.00 (3.00, 4.50)  

(n=4)

Table 8 Comparison of Modified NRS Pain Scores at Each Time Point Between the Two 
Patient Groups (Unit: Points)

Control Group  
(n=29)

Experimental Group  
(n=28)

Effect Size  
(95% Confidence Interval)

p-value

0.5h 3.00 (3.00, 4.00) 3.00 (2.00, 3.00) 0.00 (−1.00, 0.00) 0.120

1h 3.00 (3.00, 3.50) 2.00 (2.00, 3.00) −1.00 (−1.00, 0.00) 0.005*
3h 3.00 (3.00, 4.00) 2.00 (2.00, 3.00) −1.00 (−2.00, 0.00) 0.001*

6h 3.00 (3.00, 4.00) 2.00 (2.00, 4.00) −1.00 (−2.00, 0.00) 0.015*

12h 3.00 (3.00, 4.00) 2.00 (2.00, 3.00) −1.00 (−2.00, −1.00) 0.000*
24h 3.00 (3.00, 4.00) 2.00 (2.00, 3.00) −1.00 (−2.00, −1.00) 0.001*

36h 3.00 (3.00, 3.00) 2.00 (1.00, 3.00) −1.00 (−1.00, 0.00) 0.016*
48h 3.00 (2.00, 3.00) 2.00 (1.00, 3.00) −1.00 (−2.00, 0.00) 0.008*

72h 2.00 (1.00, 3.00) 1.00 (1.00, 2.00) 0.00 (−1.00, 0.00) 0.140

Note: *p ≤ 0.05, the difference is statistically significant.

Table 9 Comparison of Ramsay Sedation Scores Between 
the Two Patient Groups at Each Time Point (Unit: Points)

Control Group  
(n=29)

Experimental Group  
(n=28)

p-value

0.5h 3.00 (2.00, 3.00) 3.00 (3.00, 3.00) 0.768
1h 2.00 (2.00, 3.00) 3.00 (3.00, 3.00) 0.067

3h 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) 0.598

6h 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) 0.796
12h 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) 0.867

24h 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) 0.506

36h 3.00 (2.50, 3.00) 3.00 (2.00, 3.00) 0.116
48h 3.00 (2.00, 3.00) 3.00 (2.00, 3.00) 0.922

72h 3.00 (2.50, 3.00) 2.00 (2.00, 3.00) 0.130
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Comparison of the First Activity Out of Bed, Time for Flatus, and Discharge Time
The details of the first activity out of bed, time for flatus, and discharge time after surgery for both groups of patients are 
shown in Table 12. No statistical differences were found between the groups.

Discussion
The erector spinae plane block (ESPB) is an effective regional analgesic technique for postoperative abdominal surgery, 
confirmed by multiple clinical studies and meta-analyses,30–32 and its effects are superior to other regional analgesia 
techniques such as the transversus abdominis plane block.32–34 Shan et al33 performed ESPB with ropivacaine containing 
iodinated contrast and traced the post-block spread of the injectate. They found that the mixture of local anesthetic and 
contrast spread to the paravertebral space, intercostal space, and neural foramina in 96.5%, 94.2%, and 77.9% of cases, 
respectively. Although some studies have reported that ESPB is less effective than paravertebral block in thoracoscopic 
surgery,34 a prospective cohort study by Wubetu et al35 compared the efficacy of ultrasound-guided unilateral ESPB and 
paravertebral block in adult patients after upper abdominal surgery. The results demonstrated that VAS scores at 3, 6, 12, 
and 24 hours postoperatively were significantly lower in the ESPB group compared to the paravertebral block group, and 
opioid consumption in the first 24 hours was also significantly reduced in the ESPB group. These findings suggest that 

Table 10 Comparison of Satisfaction Scores at Each Time Point Between the Two Patient 
Groups (Unit: Points)

Control Group  
(n=29)

Experimental Group  
(n=28)

Effect Size  
(95% Confidence Interval)

p-value

0.5h 3.00 (3.00, 3.00) 3.00 (3.00, 3.00) 0.00 (0.00, 0.00) 0.204

1h 3.00 (2.00, 3.00) 3.00 (3.00, 4.00) 1.00 (0.00, 1.00) 0.003*
3h 3.00 (2.00, 3.00) 3.00 (3.00, 4.00) 1.00 (0.00, 1.00) 0.001*

6h 3.00 (2.00, 3.00) 3.00 (3.00, 4.00) 0.00 (0.00, 1.00) 0.010*

12h 3.00 (2.00, 3.00) 3.00 (3.00, 4.00) 1.00 (0.00, 1.00) 0.007*
24h 3.00 (3.00, 3.00) 3.00 (3.00, 4.00) 1.00 (0.00, 1.00) 0.001*

36h 3.00 (3.00, 3.00) 4.00 (3.00, 4.00) 1.00 (0.00, 1.00) 0.001*
48h 3.00 (3.00, 3.00) 4.00 (3.00, 4.00) 0.00 (0.00, 1.00) 0.009*

72h 3.00 (3.00, 4.00) 4.00 (3.00, 4.00) 0.00 (0.00, 1.00) 0.083

Note: *p ≤ 0.05, the difference is statistically significant.

Table 11 Nausea and Vomiting Occurrence (Units: Cases)

Nausea Vomiting

0–24h 24–48h 48–72h 0–24h 24–48h 48–72h

Control group (n=29) 0 2 (6.70%) 0 0 2 (6.70%) 0

Experimental group (n=28) 2 (7.14%) 1 (3.57%) 0 2 (7.14%) 0 0

Table 12 Comparison of the Two Patient Groups’ Time to First Ambulation, Time to Flatus, and Length of 
Hospital Stay

Control Group  
(n=29)

Experimental Group  
(n=28)

p-value

First time getting out of bed (minutes since block) 3060.0 (2520.0, 5220.0) 3890.0 (2931.0, 4222.5) 0.576
Anal canal flatus (minutes from block) 2730.0 (2208.00, 4480.0) 3626.5 (2835.0, 4580.0) 0.326

Discharge time (days after surgery) 7.00 (5.00, 9.00) 7.00 (5.50, 8.50) 0.949
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ultrasound-guided ESPB may provide superior analgesia to paravertebral block following upper abdominal surgery. 
Therefore, ESPB was selected as the regional nerve block technique in the present study.

The cocktail formulation group demonstrated superior analgesia compared to the ropivacaine-only group and 
markedly prolonged the duration of analgesic effect. At all postoperative time points assessed (1, 3, 6, 12, 24, 36, and 
48 hours), modified NRS scores in the intervention group were significantly lower than those in the control group, while 
patient satisfaction scores were significantly higher. The total intravenous analgesic morphine equivalent dose in the 
experimental group was significantly lower than that in the control group for the periods of 0–48 h and 
24–48 h postoperatively; this difference was also observed specifically for morphine equivalent dose administered by 
PCA during these periods. These results indicate that patients in the control group required more intravenous analgesics 
on the second postoperative day, suggesting that the cocktail formulation provided effective analgesia for at least 
48 hours postoperatively. The above findings suggest that single-injection ropivacaine ESPB may only provide adequate 
analgesia within the first 24 hours after surgery, consistent with the known duration of ropivacaine and previous 
studies.14,15,18 In contrast, the cocktail group presented significantly lower modified NRS scores and significantly higher 
patient satisfaction scores within 24 hours postoperatively, indicating not only a stronger analgesic effect than ropiva
caine alone, but also a prolonged duration of effect extending to 48 hours.

Multimodal analgesia is a fundamental strategy of perioperative pain management; thus, both groups in this study 
utilized PCIA. In cases where pain was not effectively relieved by PCA, with NRS scores remaining above 4, rescue 
analgesia was administered, which is consistent with the high intensity of postoperative pain after upper abdominal 
surgery. Hu et al36 reported that 0.373% ropivacaine for fascial plane block provided effective analgesia in 99% of 
patients undergoing hip arthroplasty, while 0.375% ropivacaine for ESPB37 yielded the best analgesic efficacy and 
minimal side effects in thoracoscopic surgery—hence, 0.375% ropivacaine was selected in our research. There are case 
reports of ESPB23 and paravertebral block38,39 being performed with 0.5–1% ropivacaine. Whether a higher concentra
tion of ropivacaine for ESPB after major upper abdominal laparoscopic surgery can further reduce intravenous analgesic 
use and its associated side effects requires further investigation.

No cases of block-related bleeding, infection, or neurological complications were observed in either group. The use of 
ultrasound guidance enhances the precision of block placement, ensuring efficacy while minimizing complications. Kot et al,40 in 
a review of 125 studies on ESPB, concluded that ESPB is associated with a very low incidence of complications. Due to the 
significant reduction in the need for intravenous analgesics with ESPB, postoperative complications—especially nausea and 
vomiting—are markedly reduced.41 In our study, the incidence of postoperative nausea and vomiting was very low (two cases in 
the control group and three in the experimental group). Apart from ESPB, all patients received PCIA and, if necessary, additional 
rescue analgesia, so instances of nausea and vomiting may be attributable to intravenous opioid administration.

No statistically significant differences were detected between the two groups in terms of time to first anal exhaust, time 
to ambulation, or length of hospital stay. On one hand, this may be due to the use of PCIA and rescue analgesics in both 
groups; on the other, it may relate to our study being single-center with a potentially insufficient sample size. Whether 
differences between the groups exist for these indicators requires confirmation in future large-scale, multicenter studies.

The mechanism by which the cocktail formulation significantly prolongs analgesia lies in the synergistic effects of its 
constituent adjuvants: epinephrine slows the systemic absorption of local anesthetics, thereby extending their duration of 
action; dexamethasone suppresses local inflammation with anti-inflammatory and analgesic properties, enhancing and 
prolonging the effect of local anesthetics; magnesium sulfate, an NMDA receptor antagonist, inhibits NMDA receptor 
activity, blocks the influx of calcium and sodium, and suppresses neural impulse transmission; sodium bicarbonate 
increases the proportion of non-ionized ropivacaine, which enhances its affinity for sodium channels, more effectively 
blocking them and inhibiting neural transmission. Although each agent has a distinct mechanism, all contribute to 
enhancing and prolonging analgesic duration.24 Despite the formation of minor precipitates when mixing these adjuvants, 
animal studies by Yang Jing’s group confirmed no significant neurotoxicity or local tissue damage,24 and no neurological 
complications were observed clinically. The minor precipitate formation in the mixture is mainly due to bicarbonate 
alkalinizing the compound solution. The pH range of ropivacaine injection is 4.0–6.0; when the pH exceeds 6.0, 
ropivacaine will form a white flocculent precipitate. Laboratory animal studies have shown that precipitates are also 
rapidly observed after injecting ropivacaine into rats without alkalinization (no bicarbonate), and such precipitates may 
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be difficult to avoid under physiological conditions (around pH 7.4). When the cocktail compound solution containing 
flocculent precipitate is injected around the sciatic nerve of experimental animals, all precipitates had been absorbed by 
dissection 2–3 days later, with no deposition observed around the nerve or muscle.24 In fact, it is common in clinical 
practice to add adjuvants to local anesthetics, which leads to varying degrees of crystallization; compared with other local 
anesthetics, ropivacaine has a higher tendency to precipitate.28,29 Clinically, bicarbonate-alkalinized ropivacaine is also 
used for lumbar epidural blocks,25 intraocular local injection in ophthalmic surgery,26 and brachial plexus blocks.27 In our 
study, to minimize the risk of possible adverse effects, all drugs were mixed immediately prior to administration, and no 
block-related complications were observed.

Limitations
This was a single-center study, and the sample size was calculated based on the morphine equivalent dose, so may have been 
insufficient for detecting differences in secondary outcomes. Only 0.375% ropivacaine was used; the effect of ESPB with 
other concentrations or formulations was not assessed, thus our results cannot provide information on the impact of various 
concentrations of ropivacaine for ESPB in patients undergoing major laparoscopic upper abdominal surgery. Because this was 
a single-center study with a small sample size, the results need to be confirmed by larger, multicenter studies.

Conclusion
The ropivacaine-based cocktail for bilateral ESPB prolongs analgesia to at least 48 h and improves postoperative pain 
control versus ropivacaine alone. Opioid consumption is reduced and patient satisfaction is higher without increased 
adverse events. The approach is a promising single-injection option for enhanced recovery after laparoscopic major upper 
abdominal surgery; optimal ropivacaine concentration merits further study.
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