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ABSTRACT 

Background & objective: The superiority of external oblique intercostal plane (EOIP) block over oblique subcostal 
transversus abdominis plane (OSTAP) block for intra and postoperative analgesia in laparoscopic cholecystectomy 
has not been established. Therefore, this study compared the efficacy of the analgesic effect between EOIP block and 
OSTAP block in patients undergoing laparoscopic cholecystectomy. 

Methodology: This randomized controlled clinical trial was conducted on adult patients who underwent elective 
laparoscopic cholecystectomy from 2023 to 2024. Patients were randomly allocated into two groups at a 1:1 ratio. 
Group A (n = 20) included patients who received ultrasound-guided bilateral EOIP block, and Group B (n = 20) 
included patients who received ultrasound-guided OSTAP block.  

Results: Group A had a longer time to rescue analgesia (7.05 ± 0.76 vs. 4.95 ± 0.83 min, P < 0.001), and consumed a 
significantly lower total dose of nalbuphine (0.1 ± 0.02 vs. 0.12 ± 0.02 mg/kg; P = 0.025). The pain score was lower 
in Group A, particularly at 4 and 6 hours postoperatively (P < 0.001). 

Conclusions: Ultrasound-guided bilateral EOIP block provides superior analgesia than OSTAP with a longer time to 
rescue analgesia, lower opioid consumption, and improved early postoperative pain scores in patients undergoing 
laparoscopic cholecystectomy. 

Abbreviations: EOIP: external oblique intercostal plane, IQR: interquartile ranges. LP: Laparoscopic cholecystectomy, 

OSTAP: oblique subcostal transversus abdominis plane, VAS: visual analog scale,  

Keywords: external oblique intercostal plane block; laparoscopic cholecystectomy; Pain; subcostal transversus 
abdominis plane block; ultrasound-guided analgesia 
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1. INTRODUCTION 

Laparoscopic cholecystectomy (LC) has become the 

standard approach for the surgical management of 

gallbladder stones.1-3 Postoperative pain, which can be 

either visceral or somatic, is still a significant clinical 

issue after LC. Visceral pain occurs due to gallbladder 

resection and carbon dioxide (CO2) irritation of the 

diaphragm, and somatic pain occurs from incision sites.2  

Postoperative pain is a significant contributing factor to 

increased morbidity and mortality after LC and halts 

same-day discharge.3,4 Therefore, several analgesic 

techniques were used to ameliorate the deleterious 

effects of postoperative pain and improve patient 

outcomes.5 Ultrasound-guided transversus abdominis 

plane block is one of the methods used for postoperative 

analgesia, especially for controlling somatic pain in 

abdominal surgeries. In this technique, local anesthetic is 

injected into the fascial plane between the transversus 

abdominis and internal oblique muscles.6 

Studies have shown that the subcostal approach for TAP 

(OSTAP) block could have beneficial analgesic effects 

on the area above the umbilicus because it blocks the 

area supplied by T7-12.7,8 External oblique intercostal 

plane block (EOIP block), in which the local anesthetic 

is injected in the tissue plane between the external 

oblique and intercostal muscles between the sixth and 

seventh ribs, is a modification of fascial plane blocks that 

target the upper lateral abdominal walls.9 We 

hypothesize that the external oblique intercostal plane 

block might be more efficient than the oblique subcostal 

TAP block in terms of intra- and postoperative analgesia 

in LC. Therefore, our study compared the efficacy of the 

analgesic effect between EOIP block and OSTAP block 

in patients undergoing LC. 

2. METHODOLOGY 

We conducted a randomized clinical trial on adult 

patients who underwent elective LC from May 2023 to 

May 2024 at Cairo University Hospital, Cairo, Egypt. 

The study was conducted on adult patients aged between 

18 and 60 years, with American Society of 

Anesthesiologists (ASA) classes I and II. Patients with 

neurological or psychological disorders, end-organ 

failure, bleeding abnormalities, infections at the 

injection sites, or allergies to amide local anesthetics 

were excluded. 

The Research Ethics Committee of the Faculty of 

Medicine, Cairo University approved the research. 

Patients signed informed consent before participation.  

The trial was registered in the Pan African Clinical Trial 

Registry (PACTR202406698979681).  

The study was conducted per the Declaration of 

Helsinki.10 We reported the trial results according to the 

CONSORT guideline.11 

According to a previous study, the total tramadol 

consumption in the first 24 hours after surgery was 199 

± 27.7 mg in patients receiving OSTAP who underwent 

LC.12 Using an opioid conversion table, this dose is 

equivalent to 19.9 ± 2.77 mg nalbuphine.13 A total 

sample of 34 was needed to detect a 5 mg difference in 

nalbuphine consumption, and we used a more 

conservative common standard deviation of 5. The 

sample size was calculated to achieve a study power of 

80% and an alpha error of 0.05. The number of envelopes 

was increased to 40 (20 per group) to compensate for 

possible dropouts. The sample size was calculated via 

MedCalc Software V14. 

Patients were randomly allocated via blocked 

randomization with a block size between 4 and 6. The 

randomization sequence was generated via 

(www.randomization.com) by the principal investigator. 

The randomization sequence was concealed in sealed 

envelopes and opened by an independent nurse. Patients 

were randomized into two groups at a 1:1 ratio. Group A 

(n = 20) included patients who received ultrasound-

guided bilateral EOIP block, and Group B (n = 20) 

included patients who received ultrasound-guided 

OSTAP block. Patients were blinded to the allocated 

treatment. 

Preoperative assessment was performed for all patients 

scheduled for LC, including proper medical and surgical 

history, chest, airway, and planned regional block 

examination site. All preoperative investigations were 

revised to assess enrollment eligibility. Patients were 

educated about the visual analog scale (VAS) and how to 

quantify pain intensity. 

Intraoperatively, patients were connected to a 

noninvasive blood pressure monitor, electrocardiogram, 

and pulse oximeter, and baseline readings were recorded 

prior to induction of anesthesia, five minutes after 

endotracheal intubation, five minutes after the sensory 

block, before the skin incision, and then every 10 

minutes. Induction and maintenance of anesthesia 

followed the same protocol in both groups.  

All patients received 1 gm of paracetamol and 30 mg of 

ketorolac IV for control of visceral pain. A dose of 0.5 

µg/kg fentanyl was given as rescue analgesia at any time 

of the surgery if needed in the case of increased mean 

arterial blood pressure (MAP) and heart rate by 30% or 

more above the baseline reading, despite adequate 

ventilation, hypnosis, muscle relaxation, and hydration. 
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2.1. External oblique intercostal 
plane block 

The patients were placed supine, and the skin 

was prepared. The ultrasound transducer was 

placed between the anterior axillary and 

midclavicular lines at the level of the 6th rib. 

The anesthesiologist injected 20 ml of 0.25% 

bupivacaine bilaterally into the external 

oblique intercostal plane via a 22G, 80 mm 

block needle (Figure 1). 

2.2. Oblique subcostal 
transversus abdominis plane 
block 

The transducer was placed 2 cm below the 

xiphoid process and then moved along the 

subcostal edge to locate the rectus abdominis 

muscle and the transversus abdominis. A 

21G × 150 mm needle was used to inject 20 

ml of 0.25% bupivacaine along the subcostal 

line within the transversus abdominis plane 

on both sides (Figure 2).  

Surgery was started with a standard protocol 

in both groups 15 minutes after the 

injections. Neuromuscular block reversal 

and extubation followed the same protocol in 

both groups. The block was considered 

unsuccessful if the heart rate or MAP 

increased by more than 30% of the baseline 

reading after skin incision; in this case, the 

patient was given 0.1 mg/kg nalbuphine as an 

analgesic. 

2.3. Data and outcomes 

The VAS was used to assess pain intensity at 

30 min, 2 h, 4 h, 6 h, 12 h, and 24 h 

postoperatively. Patients received nalbuphine 

0.05 mg/kg as rescue analgesia if the pain score was  4. 

In addition to recording the hemodynamic parameters 

and pain scores, the total fentanyl and nalbuphine 

administered, the block failure rate, the time taken to 

perform a successful block, and the incidence of 

complications were recorded. 

The primary outcome was the total dose of IV 

nalbuphine received during the first 24 hours. The 

secondary outcomes were the visual analog scale score, 

intraoperative fentanyl consumption, block failure, time 

to a successful block, and postoperative complications 

(intravascular injection, intestinal perforation, and 

pneumothorax). 

 

2.4. Statistical analysis 

Statistical analyses were performed via SPSS v26 (IBM 

Inc., Chicago, IL, USA) and Stata 18 (Stata Corp, 

College Station, TX, USA). The normality of the data 

distribution was assessed via the Shapiro‒Wilk test and 

histograms. For quantitative parametric variables, the 

results are presented as the means and standard 

deviations (SDs), and comparisons between the two 

groups were made via unpaired Student's t-tests. 

Nonparametric quantitative data are reported as medians 

and interquartile ranges (IQRs) and were analyzed with 

the Mann‒Whitney test. Qualitative variables are 

expressed as frequencies and percentages (%), with 

analyses conducted via the chi-square test or Fisher's  

Figure 1: Ultrasound image of external oblique intercostal plane 
block showing the following: 

1- Block needle 
2- The 6th rib 
3- External oblique muscle 
4- Intercostal muscle 
5- Local anesthetic injection 

 

Figure 2: Ultrasound image of oblique subcostal transversus 
abdominis plane block showing the block needle (small arrow), 
transversus abdominis plane (big arrow), rectus abdominis 
muscle (RA) and transversus abdominis muscle (TA). 
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exact test, as appropriate. Repeated measures analysis 

was conducted via the random effects model, and the β 

coefficient and its 95% confidence interval (CI) were 

reported. A two-tailed P value of < 0.05 was considered 

statistically significant. 

3. RESULTS 

Fifty-nine patients were assessed for eligibility; 13 did 

not meet the criteria, and six refused to participate in the 

study. The remaining patients were randomly allocated 

into two groups (A and B). Flowchart of the study is 

presented in Figure 3. The mean age was 39 years in 

Group A and 38 years in Group B (P = 0.720), and 

females were the 

predominant sex (16 (80%) 

vs. 18 (90%); P = 0.661). 

Body mass index, ASA 

physical status, and 

duration of surgery were 

not significantly different 

between the study groups 

(Table 1). 

The intraoperative heart 

rate was lower in Groups A 

but statistically 

insignificant at baseline, 5 

min after intubation, 5 min 

after block, skin incision, 

10 min, 20 min, 80 min, 90 

min and the end of surgery 

(Figure 4). 

The intraoperative heart 

rate was significantly 

lower at 30 min (71.2 ± 

8.88 vs. 78.45 ± 12.96 

b/min), 40 min (68.6 ± 9.63 

vs. 78.3 ± 16.9 b/min), 50 

min (66.1 ± 9.2 vs. 72.55 ± 

8.38 b/min), 60 min (64.78 

± 7.89 vs. 70.35 ± 8.48 

b/min) and 70 min (61.57 ± 

7.09 vs. 67.88 ± 8.49 

b/min) in Group A than in 

Group B. A random effect 

model revealed that the 

overall trend of the heart 

rate was greater in Group B 

(β: 13.7 (95% CI: 7.5- 

19.9); P < 0.001) (Figure 

4). 

The intraoperative MAP 

was lower in Groups A but insignificantly different at 

baseline, 5 min after intubation, 5 min after block, skin 

incision, 10 min, 20 min, 80 min, 90 min and the end of 

surgery (Figure 5). The intraoperative MAP was 

significantly lower at 30 min (101.75 ± 4.84 vs. 107.3 ± 

10.16 mmHg), 40 min (99.05 ± 4.94 vs. 106.1 ± 12.82 

mmHg), 50 min (96.35 ± 4.7 vs. 101.8 ± 2.97 mmHg), 

60 min (96.78 ± 5.3 vs. 99.85 ± 3.17 mmHg) and 70 min 

(95.93 ± 5.2 vs. 99.13 ± 3.28 mmHg) in Group A than 

Group B. Repeated measures analysis revealed greater 

MAP in Group B thanin Group A (β: 9.8 (95% CI: 5.1–

14.5); P < 0.001) (Figure 5). 

Time to a successful block, fentanyl requirements, and 

consumption were comparable between the two groups. 

The time to rescue analgesia was longer in Group A than 

Table 1: Comparison of the baseline data between patients of two groups 

Variables Group A  

(n = 20) 

Group B  

(n = 20) 

P value 

Age (years) 39.1 ± 9.82 37.9 ± 11.17 0.720 

Females 16 (80%) 18 (90%) 0.661 

Weight (kg) 77.25 ± 11.22 79.85 ± 7.58 0.396 

Height (cm) 167.55 ± 7.24 167.75 ± 5.88 0.924 

BMI (kg/m2) 27.55 ± 3.91 28.43 ± 2.93 0.426 

ASA physical status 

• I 

• II 

 

12 (60%) 

8 (40%) 

 

11 (55%) 

9 (45%) 

0.749 

Duration of surgery (min) 81.75 ± 15.33 85 ± 11.58 0.454 

BMI: Body Mass Index, ASA: American Society of Anesthesiologists 

The data are presented as the means and standard deviations or counts and percentages. 

P < 0.05 considered significant 

Table 2: Comparison of the intraoperative data between patients of Group A and 
Group B 

Variables Group A  

(n = 20) 

Group B  

(n = 20) 

P 
value 

Time to perform successful block 
(min) 

5.9 ± 1.8 6.25 ± 1.41 0.498 

Need for fentanyl consumption 4 (20%) 5 (25%) 0.537 

Fentanyl consumption ((µg/kg) 0.1 ± 0.21 0.13 ± 0.22 0.714 

Time to first request of rescue 
analgesia (h) 

7.05 ± 0.76 4.95 ± 0.83 < 0.001 

Total dose of nalbuphine 
consumption (mg/kg) 

0.1 ± 0.02 0.12 ± 0.02 0.025 

The data are presented as the means and standard deviations or counts and percentages. 

P < 0.05 considered significant 
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Group B (P < 0.001), and nalbuphine consumption was 

lower in Group A (P = 0.025) (Table 2). 

The VAS score was significantly lower at 4 h and 6 h in 

Group A than in Group B (P < 0.001 and 0.021, 

respectively). The random effects model indicated a 

greater pain score in Group B (β: 0.82 (95% CI: 0.5–1.2); 

P < 0.001) Figure 6. 

4. DISCUSSION 

This study compared the efficacy of intra- and 

postoperative analgesia between EOIP block and OSTAP 

block in laparoscopic 

cholecystectomy. The study 

revealed that the intraoperative 

heart rate and MAP were lower 

in the EOIP block group than in 

the OSTAP group. Furthermore, 

the time to first request for rescue 

analgesia was significantly 

longer in EOIP block, and the 

total dose of nalbuphine 

consumed and the postoperative 

VAS score were lower with EOIP 

block compared to OSTAP 

block. 

Compared with our findings, 

Yahya et al. conducted a 

randomized controlled study on 

72 patients with ASA I and II, 

who were scheduled for bariatric 

surgery and compared EOIP 

block and pre-incisional local 

infiltration with a local 

anesthetic agent. 14 They reported 

that EOIP block significantly 

reduced the intraoperative heart 

rate and MAP. Helwa and 

associates evaluated EOIP block 

for upper abdominal operations 

and reported that fentanyl 

consumption was significantly 

lower in the EOIP block group 

than in the control group.15  

The beneficial effects of EOIP 

block reported in this study on 

increasing the time to rescue 

analgesia and reducing 

nalbuphine consumption have 

been reported in other studies. 

Korkusuz and associates 

conducted a randomized 

controlled study on 80 patients 

scheduled for LC and compared 

EOIP block to a control group. 

They reported that the total amount of opioids consumed 

was significantly lower in the EOIP block group.9 On the 

other hand, Selim and associates reported that the time 

to request rescue analgesia and the total dose of opioids 

consumed were not significantly different between the 

EOIP block and OSTAP block groups.16 Their study 

included 34 patients in each group, and postoperative 

paracetamol d tramadol were used. 

In contrast to our findings, Selim et al. reported that the 

VAS score was not significantly different between the  

Figure 3: CONSORT flowchart of the enrolled patients 

 

Figure 4: Comparison of the intraoperative heart rates  
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EOIP block and OSTAP groups at various time 

intervals.16 

The findings of this study suggest that ultrasound-guided 

bilateral EOIP block is an effective technique for 

providing analgesia in patients undergoing LC. This 

approach has shown promise in enhancing patient 

comfort and minimizing postoperative pain. To build on 

these findings, further studies should be conducted in 

other centers to compare the results and validate the 

efficacy of this technique. Additionally, research should 

involve larger sample sizes to ensure the accuracy and 

generalization of the results.  

Furthermore, comparisons with other analgesic blocks 

will help determine the relative effectiveness of this 

technique. Finally, expanding research to include various 

surgical procedures will provide insights into the 

versatility and applicability of ultrasound-guided 

bilateral EOIP block beyond LC. This comprehensive 

approach will contribute to improving pain management 

strategies in surgical settings. 

5. LIMITATIONS 

This study is limited by its single-center 

experience, and the generalization of the 

results to other centers may not be 

applicable. The technique was evaluated 

in patients who underwent LC, and its 

application in other surgical procedures 

needs further investigation. The procedure 

could also be affected by the experience of 

the treating physicians, and establishing 

training standards is required to compare 

the outcomes between different centers 

appropriately. 

 Another important limitation is the 

relatively small sample size of 20 patients 

per group, which may limit the statistical 

power to detect smaller but potentially 

clinically relevant differences, particularly 

in secondary outcomes. Although our 

sample size was calculated based on 

expected differences in opioid 

consumption, the study may not have been 

adequately powered for all measured 

endpoints. Larger, multicenter studies are 

therefore necessary to validate these 

findings, improve generalizability, and 

further explore the comparative efficacy of 

EOIP block in broader surgical 

populations. 

Additionally, the absence of a control 

group receiving either a sham block or 

standard systemic analgesia limits the 

interpretation of the absolute efficacy of both EOIP block 

and OSTAP block. Without a non-block comparator, it is 

difficult to determine the extent to which each block 

contributes to analgesia beyond what would be achieved 

with systemic medications alone. Future studies should 

incorporate a third arm involving standard systemic 

opioid-based analgesia or a placebo block to allow a 

more comprehensive assessment of the analgesic value 

and clinical utility of EOIP block and OSTAP block in 

laparoscopic cholecystectomy. 

6. CONCLUSION 

Ultrasound-guided bilateral external oblique intercostal 

plane block provides superior analgesia than oblique 

subcostal transversus abdominis plane block with better 

intraoperative hemodynamics, a longer time to rescue 

analgesia, and a lower total opioid dose and 

postoperative pain score for patients undergoing 

laparoscopic cholecystectomy. 

Figure 6: Comparison of the VAS pain scores between two Groups 

 

Figure 5: Comparison of intraoperative blood pressure data of two 
Groups  
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