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Purpose: External oblique intercostal (EOI) block has recently emerged as a promising analgesic method for the upper abdominal 
surgery. This study aimed to assess the effect of EOI block on postoperative analgesia and early recovery following open liver 
resection (OLR).
Patients and Methods: In this prospective, randomized, controlled trial, 64 patients scheduled for OLR were randomly allocated 
into EOI group and control group. EOI group received 30 mL of 0.25% ropivacaine bilaterally 30 min before induction of general 
anesthesia, whereas control group did not receive any block. The primary outcomes were sufentanil consumption 24 h after surgery. 
The secondary outcomes mainly included: the visual analogue scale (VAS) pain scores at rest and on coughing at 2, 12, 24, 
48 h postoperatively; number of analgesia pump compression 24 h postoperatively; quality of recovery-15 (QoR-15) scale score 
48 h after surgery; Pittsburgh sleep quality index (PSQI) score the first night postoperatively; and plasma levels of norepinephrine 
(NE), cortisol (Cor), high mobility group box protein 1 (HMGB1), tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6) 1h before 
surgery and 6 h postoperatively.
Results: A total of 60 patients had completed the study (n = 30 per group). Sufentanil consumption 24 h postoperatively in EOI group 
was less than that in control group (mean difference: 4.45 μg, 95% CI, 1.6–7.2, P=0.003). The VAS scores at 2, 12, 24 h post
operatively; number of analgesia pump compression; and PSQI scores were significantly lower in EOI group than in control group. 
QoR-15 scale scores were higher in EOI group. The plasma levels of NE, Cor, HMGB1, TNF-α and IL-6 at 6 h postoperatively in EOI 
group were significantly lower than in control group.
Conclusion: EOI block given to patients undergoing OLR could provide effective postoperative analgesia, enhance the quality of 
postoperative recovery, and attenuate postoperative stress and inflammation.
Keywords: external oblique intercostal block, open liver resection, postoperative pain, early recovery

Introduction
Hepatocellular carcinoma (HCC) ranks among the leading causes of cancer-related mortality worldwide.1 Surgical 
resection remains the most efficacious curative approach for HCC and intrahepatic bile duct stones.2 However, open 
liver resection (OLR) can be associated with severe postoperative pain. The intensity of pain can be attributed to the 
extensive surgical trauma involved, leading to various physiological and psychological complications. Adequate pain 
management is crucial not only for patient comfort but also for promoting recovery and reducing the risk of chronic pain 
syndromes.3
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Thoracic epidural analgesia (TEA) has been considered as an effective method for pain therapy following upper 
abdominal surgeries. However, its use has been limited in certain patients undergoing OLR due to pre- or post-operative 
coagulopathy and the risk of hypotension, particularly with higher thoracic epidural infusions.3 Intrathecal morphine 
presents another regional analgesic option. And Patient-controlled intravenous analgesia (PCIA) is used for conventional 
pain management in patients after OLR. But its utilization is accompanied by potential complications such as nausea, 
respiratory depression, and potential tolerance or dependence.4 Furthermore, altered liver function in the postoperative 
period may impair opioid metabolism, limiting their safe dosage and potentially leading to inadequate analgesia, delayed 
mobilization, and hindered recovery. Given these challenges, there remains an urgent need to explore other effective and 
safety analgesic strategies following OLR.

With the development in multimodal analgesia (MMA), fascial plane block (FPB) techniques have gained attraction 
as an adjunct for postoperative analgesia following abdominal surgeries.5 External oblique intercostal (EOI) block is 
a novel FPB first described by Hamilton et al6 in 2021, which achieves dermatomal sensory blockade from T6 to T11. Its 
sensory blockade range is consistent with the T7-T10 dermatomes required for analgesia following OLR. It was reported 
that the potential advantages of EOI include technically simple to perform, superficial injection site, and wide sensory 
range.6 Although case reports suggest EOI block’s efficacy in upper abdominal surgery,7,8 its application in OLR remains 
unexplored. And, there is still a lack of randomized controlled clinical trials of EOI block for analgesia after OLR. The 
hypothesize is that EOI block may provide superior opioid-sparing effects compared to PCIA while avoiding TEA’s 
coagulation risks in OLR patients. The aim of this study is to investigate the effect of EOI block on postoperative 
analgesia and early recovery following OLR. The primary objective is to compare the sufentanil consumption within the 
first 24 hours postoperatively between patients receiving EOI block in addition to PCIA and those receiving PCIA alone.

Materials and Methods
Study Design and Patients
This randomized prospective double-blind clinical trial was approved by the Affiliated LiHuiLi Hospital of Ningbo 
University Ethics Committee (NO. KY2023PJ077). The study was registered at chictr.org.cn (identifier: 
ChiCTR2300070045; date of registration: March 31, 2023). Written informed consent was obtained from all participants 
prior to enrollment. The study ran from April 1, 2023 to December 31, 2023.

Patients undergoing OLR under general anesthesia were recruited in the Affiliated LiHuiLi Hospital of Ningbo 
University.

Inclusion Criteria
1. Aged between 18–80 years old.
2. American Society of Anesthesiologists Classification (ASA) Grade II to III.
3. Diagnosed with HCC or intrahepatic bile duct stones and scheduled for OLR.

Exclusion Criteria
1. Severe cardiac dysfunction (New York Heart Association class III or IV); severe respiratory disease; preexisting 

cerebrovascular disease; significant hepatic impairment (Child-Pugh B or C) or renal insufficiency (eGFR < 
30 mL/min/1.73 m2).

2. Preoperative psychiatric disorders and cognitive impairment.
3. History of drug abuse or addiction.
4. Allergy to local anesthetics (LA).
5. Infection at the puncture site.
6. Prior surgeries at the operative site.
7. Language communication disorder.
8. Inability to successfully accomplish the tests.
9. Patients who require mechanical ventilation after surgery.

10. Refusal to participate.
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Randomization and Blinding
All subjects who meet the criteria were randomly allocated to EOI group and control group in a 1:1 ratio. The 
randomization sequence was generated using a computer-generated random number table by an independent biostatis
tician who was not involved in the subsequent study. Based on this list, one nurse who was blinded to group allocation 
prepared sealed opaque envelopes for each patient. The sealed opaque envelopes containing the study number were 
opened by an experienced senior anesthesiologist who was not involved in any subsequent aspects of the study. She 
prepared the study drug, performed the EOI block according to the group, and was not involved in subsequent anesthesia 
management and data collection. Two data collectors were responsible for recording all result measurements. Patients, 
anesthesiologists, surgeons, nurses, data collectors and statisticians were all blinded to the study.

Ultrasound-Guided EOI Block
After entering the operating room, all patients were monitored with a 5-lead electrocardiogram (ECG), pulse oximetry 
(SpO2), and non-invasive arterial blood pressure (NIBP). A peripheral intravenous line was established and midazolam 
1 mg IV was given before ultrasound scan. Patients in the EOI group underwent ultrasound-guided bilateral EOI block as 
described by Elsharkawy et al.9 Patients were placed in supine position with their ipsilateral arm abducted, a linear probe 
was positioned in the parasagittal plane at the level of the 6th rib between the anterior axillary and midclavicular lines. 
The 6th and 7th ribs, subcutaneous tissue, intercostal muscles between ribs, external oblique muscle, pleura, and lung 
were identified. After disinfection and puncture point injection with 2% lidocaine (1 mL), a 21G×100 mm nerve block 
needle was inserted into the fascial plane between the external oblique muscle and intercostal muscles using an in-plane 
technique with a inferolateral-to-superomedial trajectory. The needle tip position was confirmed by injecting 2 mL 
normal saline, then 30 mL of 0.25% ropivacaine was given slowly on each side (Figure 1). Patients in the control group 
only received an ultrasound scan of the EOI plane at the level of the 6th rib, as well as puncture point injection with 
normal saline (1 mL) but did not receive EOI block. The extent of sensory dermatomal block with a cold test was 
assessed on all patients 20 minutes after EOI block. A nurse anesthetist, who was not involved in the study, performed 
the sensory block tests.

Anesthesia Management
Invasive radial arterial blood pressure, right internal jugular vein catheterization and bispectral index (BIS) monitor were 
added before induction. Both groups received standardized general anesthesia. All patients were pre-oxygenated with 
100% oxygen 6 L/min for a duration of 3–5 minutes. Anesthesia was induced intravenously with propofol 2 mg/kg, 
sufentanil 0.3 to 0.4 μg/kg, and rocuronium 0.6 mg/kg. After tracheal intubation, mechanical ventilation with a tidal 
volume of 6–8 mL/kg and respiratory rate of 12–14 bpm was initiated to maintain end-tidal CO2 at 35 to 45 mmHg. The 
anesthesia was maintained with a continuous intravenous infusion of propofol 0.1–0.15 mg/kg/min and remifentanil 
0.1–0.2 μg/kg/min to maintain the BIS between 40 to 60. Intermittent rocuronium was injected to maintain muscle 
relaxation. During the surgery, the infusion rate of remifentanil was titrated based on real-time hemodynamic: if blood 

Figure 1 Image of ultrasound-guided EOI block. (A) pre block. (B) post block. LA disseminates between the external oblique muscle and intercostal muscles. The arrow 
indicates the path of the needle. 
Abbreviations: EOM, external oblique muscle; ICM, intercostal muscles; LA, local anesthetic.
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pressure or heart rate deviated by >20% from baseline, the dose was adjusted in 0.03 μg/kg/min increments (or 
decrements for hypotension/bradycardia) at 5-minute intervals. After surgery, all patients were transferred to the Post- 
Anesthesia Care Unit (PACU), and the endotracheal tube was removed once they met extubation criteria.

Analgesia Management
Sufentanil (0.15 μg/kg) was administered intravenously 10 min before the end of the surgical. Patient-controlled 
intravenous analgesia (PCIA) pump contained 1 μg/mL sufentanil and 0.1 mg/mL tropisetron (total volume: 100 mL), 
set to deliver a 2 mL/h background infusion, 0.5 mL bolus doses, and a 15-minute lockout time. In the surgical ward, 
patients received 40mg of parecoxib sodium intravenously every 12 h after surgery. If the static visual analogue scale 
(VAS) score was ≥4, an intravenous injection of tramadol 100 mg was given.

Outcomes
The primary outcomes were sufentanil consumption 24 h after surgery.

The secondary outcomes included: (1) the VAS pain scores at rest and on coughing at 2, 12, 24, 48 h postoperatively; 
(2) number of analgesia pump compression 24 h postoperatively; (3) sensory block plane; (4) intraoperative reminfenta
nil consumption; (5) the frequency of requiring rescue analgesia 24 h after surgery; (6) quality of recovery-15 (QoR-15) 
scale score 48 h after surgery; (7) Pittsburgh sleep quality index (PSQI) score the first night postoperatively; (8) plasma 
levels of norepinephrine (NE), cortisol (Cor), high mobility group box protein 1 (HMGB1), tumor necrosis factor-α 
(TNF-α) and interleukin-6 (IL-6) 1h before surgery (baseline) and 6 h postoperative; (9) and adverse events 24 h after 
surgery, including postoperative nausea and vomiting (PONV), pruritus, pneumothorax, respiratory depression and LA 
systemic toxicity (LAST).

The VAS was used to assess the patient’s pain severity. The VAS is a validated, unidimensional measure of pain 
intensity. It consists of a 10-cm horizontal line, anchored by two verbal descriptors: “no pain” (score of 0) and “worst 
pain imaginable” (score of 10). The scores were interpreted as follows: 0, no pain; 1–3, mild pain; 4–6, moderate pain; 
7–10, severe pain.

The QoR-15 scale includes 15 items to evaluate five dimensions: physical comfort (5 items), emotional state (4 
items), physical independence (2 items), psychological support (2 items) and pain (2 items). Each item is scored from 0 
to 10, with the total score ranging from 0 (poorest recovery quality) to 150 (poorest recovery quality).10

The PSQI11 consists of 18 self-reported items comprising 7 components: sleep quality, sleep latency, hours of sleep, 
sleep efficiency, sleep disturbances, use of hypnotic agents, and daytime dysfunction. Each component ranges from 0 to 
3, the total score ranges from 0 to 21, with lower scores indicating better sleep quality.

Assay of Plasma Samples
Venous blood samples (5 mL) were collected from all subjects 1 h before surgery and 6 h after surgery. Blood samples 
were centrifuged at 1000 × g for 20 min at 4 °C, and the plasma was collected and stored at −80 °C for subsequent 
analysis. The concentrations of NE, Cor, HMGB1, TNF-α, and IL-6 were tested using the enzyme-linked immunosorbent 
assay (ELISA) method.

Statistical Analysis
The sample size was calculated using IBM SPSS Sample Power version 3.0 (IBM Corp., Armonk, New York, USA). 
A pilot study of 10 patients in each group showed that a mean sufentanil consumption 24 h after surgery of 49.5 μg with 
standard deviation (SD) of 4.55 in the EOI group and 53.2 μg with SD of 4.77 in the control group. 26 patients per group 
was required to achieve a statistical power of 0.8 with a significance level (α) of 0.05. Assuming a possible dropout rate 
of 20%, a total of 32 subjects per group were planned for recruitment.

The statistical analysis was conducted using version 25.0 of the Statistical Package for Social Science (SPSS). The 
normality of the data distribution was evaluated with the Shapiro–Wilk test. Continuous data were presented as mean± 
SD or median (M) and interquartile (IQR) and compared using the t-test or Mann–Whitney U-test, as appropriate. 
Comparison between groups at different time points were performed using repeated-measures ANOVA. Categorical data 
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were presented as n (%) and compared using the χ2 test or Fisher’s exact test. A P-value below 0.05 was considered 
statistically significant.

Results
In this prospective randomized study, 70 patients were assessed for eligibility between April 1, 2023 and December 31, 
2023. Four patients did not meet the inclusion criteria, and two patients declined to participate. A total of 64 patients were 
randomly assigned to two groups. One patient was converted to laparoscopic surgery in the EOI group. One patient’s 
surgery was cancelled after randomization in the control group. And two patients (one in each group) were lost to follow up. 
Therefore, 60 patients were included in the analysis (n = 30 per group). The CONSORT flow diagram for this study is 
depicted in Figure 2. Baseline demographic and clinical characteristics are presented descriptively in Table 1.

Primary Outcome
Patients in the EOI group had lower sufentanil consumption 24 h after surgery than the control group (52.7±4.7 μg vs 
57.1±6.2 μg, P=0.003), with a mean difference of 4.45 (95% CI, 1.6–7.2) (Figure 3).

Secondary Outcomes
As shown in Table 2, the VAS scores at rest and when coughing at 2, 12, and 24 h postoperatively were statistically 
significantly lower in the EOI group than in the control group (Mann–Whitney U-test, all P<0.05, Table 2). However, the 
VAS scores at rest and when coughing did not differ 48 h between the two groups after surgery (Mann–Whitney U-test, 
all P>0.05, Table 2). The number of analgesia pump compression 24 h postoperatively were significantly lower in the 
EOI group than that in the control group (Student’s t-test, t=3.857, P=0.000, Table 3).

Figure 2 CONSORT diagram. 
Abbreviations: CONSORT, consolidated standards of reporting trials; EOI, external oblique intercostal block.
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We observed the range of sensory blocks in patients who received EOI block, the affected dermatomes were located 
between T6 and T11, and mainly between T6 and T10 (Figure 4).

Intraoperative reminfentanil consumption and the frequency of rescue analgesia 24 h after surgery were significantly 
lower in the EOI group than those in the control group (Student’s t-test, t=3.679, P=0.000; and Chi-square test, χ2=4.022, 
P=0.045). The scores of QoR-15 scale were higher in the EOI group 48 h after surgery than those in the control group 
(Student’s t-test, t=5.826, P=0.000). Compared to the control group, PSQI scores in the EOI group were significantly 
lower on the first night after surgery (Mann–Whitney U-test, P=0.000, Table 3).

The plasma levels of NE, Cor, HMGB1, TNF-α and IL-6 were significantly higher at 6 h postoperatively than at 
baseline in both groups (paired Student’s t-test, all P<0.05). Compared with the control group, the levels of NE, Cor, 
HMGB1, TNF-α and IL-6 were significantly lower in the EOI group at 6 h postoperatively (paired Student’s t-test, all 
P<0.05, Figures 5 and 6).

Table 1 Clinical Baseline Characteristics of the Patients

EOI Group (n=30) Control Group (n=30)

Age (years) 63.7±11.8 59.7±14.0
Gender [n (%)]

Male 22 (73.3) 21 (70.0)

Female 8 (26.7) 9 (30.0)
BMI (kg/m2) 22.7±2.8 21.9±2.1

ASA [n (%)]

II 23 (66.7) 21 (70.0)
III 7 (10.0) 9 (30.0)

Medical conditions
Hypertension [n (%)] 22 (73.3) 20 (66.7)

Diabetes mellitus [n (%)] 15 (50.0) 14 (46.7)

Diagnosis
HCC 23 (76.7) 20 (66.7)

Intrahepatic bile duct stones 7 (23.3) 10 (33.3)

Surgical duration (min) 257.0±55.9 260.5±60.3

Notes: Data are represented as the mean±SD or number (%). Continuous data were compared 
by Student’s t-test; categorical data were compared by chi-square (χ2) test. 
Abbreviations: EOI, external oblique intercostal; BMI, body mass index; ASA, American Society 
of Anesthesiologists; HCC, hepatocellular carcinoma.

Figure 3 Sufentanil consumption 24 h after surgery. Compared with the control group, **P<0.01. Data were compared by Student’s t-test. 
Abbreviations: EOI, external oblique intercostal.
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No severe complications, such as pneumothorax, respiratory depression, and LAST occurred in either group. The 
incidence of PONV was significantly reduced in the EOI group compared to the control group (Chi-square test, χ2=6.239, 
P=0.012). The incidence of pruritus was comparable between the two groups (Fisher’s exact test, P=1.000, Table 4).

Table 2 VAS Scores at Rest and on Coughing

VAS Scores EOI Group 
(n = 30)

Control Group 
(n = 30)

Cliff ’s δ  
(95% CI)

P-value

VAS at rest
2 h postoperatively 3.0 (2, 4)* 4.0 (3, 5) −0.26 (−0.324, −0.196) 0.016

12 h postoperatively 3.0 (2, 4)* 3.0 (3,5) −0.16 (−0.226, −0.094) 0.016
24 h postoperatively 2.5 (2, 3)** 3.0 (3, 5) −0.19 (−0.255, −0.125) 0.005

48 h postoperatively 2.0 (2, 3) 2.5 (2, 3) −0.19 (−0.255, −0.125) 0.247

VAS on coughing
2 h postoperatively 3.0 (3, 4)** 4.0 (4, 5) −0.22 (−0.285,-0.155) 0.004

12 h postoperatively 3.0 (3, 4)** 4.0 (4, 5) −0.25 (−0.314, −0.186) 0.000
24 h postoperatively 2.5 (2, 3)** 4.0 (3, 4) −0.25 (−0.320, −0.190) 0.000

48 h postoperatively 2.0 (2, 3) 3.0 (2, 3) −0.13 (−0.200,-0.070) 0.063

Notes: Data are represented as the median (interquartile range). Compared with the control group, *P<0.05 
and **P<0.01. Data were compared by Mann–Whitney U-test. 
Abbreviations: EOI, external oblique intercostal; VAS, visual analog scale.

Table 3 Intraoperative Reminfentanil Consumption and Postoperative Conditions

EOI Group 
(n = 30)

Control Group  
(n = 30)

Mean Difference 
(95% CI) or 
RR (95% CI)

P-value

Number of analgesia pump compression 6.50 ± 3.83* 10.83 ± 4.81 −4.3 (−6.6, −2.1) 0.045

Intraoperative reminfentanil consumption (μg) 1378.9 ± 262.44* 1674.07 ± 352.51 −295.2 (−455.8,134.6) 0.029

Rescue analgesia requirement[n(%)] 5 (16.7%)* 12 (40.0%) 0.4 (0.2, 1.0) 0.045
QoR-15 scale score 48 h after surgery 119.90 ± 12.11** 104.87 ± 7.28 15.0 (9.9, 20.2) 0.000

PSQI score the first night postoperatively 7.0 (5, 8)** 9.0 (8, 12) 0.000

Notes: Data are represented as the mean±SD, number (%) or median (interquartile range). Compared with the control group, *P<0.05 and **P<0.01. 
Continuous data were compared by Student’s t-test or Mann–Whitney U-test; categorical data were compared by chi-square (χ2) test. 
Abbreviations: EOI, external oblique intercostal; QoR-15, quality of recovery-15; PSQI, Pittsburgh sleep quality index.

Figure 4 Dermatomes of the sensory block in patients who received EOI block.
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Discussion
The results of the present study suggested that EOI block can provide effective postoperative analgesia for patients 
undergoing OLR, attenuated postoperative stress and inflammatory responses and enhanced the quality of early post
operative recovery.

OLR often employs a right subcostal reverse L-shaped incision,12 extending from the xiphoid process along the right 
costal margin to the 12th rib tip, with an incision length ranging between 20–25 cm. The subcostal incision is mainly 
innervated by the intercostal nerves T6-T10. Transection of the skin and muscle, rib retraction, and injury of the anterior 
and lateral branches of intercostal nerves is associated with significant trauma, resulting in severe postoperative pain, 
stress responses, and an increased risk of complications, ultimately leading to delayed recovery.13

Achieving satisfactory analgesia after OLR surgery has always been a challenging goal. The Procedure-Specific 
Postoperative Pain Management (PROSPECT) guidelines support TEA as an effective option for OLR, particularly in 

Figure 5 The plasma levels of NE and Cor at different time points between the two groups. (A) NE levels. (B) Cor levels. Error bars represent the mean + SD. Compared 
with the control group, *P<0.05; compared with baseline, #P<0.05. Data were compared by paired Student’s t-test. 
Abbreviations: NE, norepinephrine; Cor, cortisol.

Figure 6 The plasma levels of HMGB1, TNF-α and IL-6 at different time points between the two groups. (A) HMGB1 levels. (B) TNF-α levels. (C) IL-6 levels. Error bars 
represent the mean + SD. Compared with the control group, *P<0.05; compared with baseline, #P<0.05. Data were compared by paired Student’s t-test. 
Abbreviations: HMGB1, high mobility group box; TNF-α, tumor necrosis factor-α; IL-6, interleukin-6.

Table 4 Incidence of Adverse Events

EOI Group 
(n = 30)

Control Group  
(n = 30)

RR  
(95% CI)

P-value

PONV 5 (16.7%)* 14 (46.7%) 0.36 (0.15, 0.87) 0.012

Pruritus 3 (10.0%) 4 (13.3%) 0.75 (0.18, 3.07) 1.000

Pneumothorax 0 0
Respiratory depression 0 0

LAST 0 0

Notes: Data are represented as number (%). Compared with the control group, *P<0.05. Data were compared by chi- 
square (χ2) test or Fisher’s exact test. 
Abbreviations: EOI, external oblique intercostal; PONV, postoperative nausea and vomiting; LAST, Local anesthetic 
systemic toxicity.
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appropriate patients. However, its use may be limited due to coagulopathy, hemodynamic instability, and the need for 
early postoperative mobilization.3 Compared to the ESPB and QLB, it is easier to perform with the patient in the supine 
position, and has advantages for obese patients with fewer complications.14 The utility of the EOI block is increasingly 
being recognized in other upper abdominal procedures, such as bariatric surgery15 and oncologic resections,16 high
lighting its broad applicability.

The results demonstrated a statistically significant but modest reduction in sufentanil consumption in the EOI group, 
corresponding to a 7.7% decrease compared to the control group in the first 24 h postoperatively. While this reduction in 
opioid use alone may not reach the threshold for clinical significance, the EOI block demonstrated important combined 
benefits across multiple recovery parameters. Compared to the control group, the VAS scores at rest and on coughing; 
number of analgesia pump compression 24 h postoperatively; intraoperative reminfentanil consumption; as well as the 
need of rescue analgesia within 24 h postoperatively in the EOI group were significantly reduced. The results were 
consistent with the case report by Liotiri et al,8 who applied the EOI block in three adult patients undergoing liver 
surgery, and found that it was an effective and opioid-sparing FPB for postoperative analgesia after liver surgery. 
However, there was no significant difference in VAS scores at 48 h postoperatively between the two groups, which may 
be attributed to the fact that a single EOI block was used in this study. Although ropivacaine is a long-acting local 
anesthetic, a single-shot nerve block provide can only provide pain relief for about 10–20 h.17 In this study, the sensory 
blockade in the EOI group was observed to range from T6-T10 between the bilateral mid-axillary lines. This finding is 
consistent with reports from cadaveric study and clinical case series,9 implying that EOI block can target the nerve 
innervation of OLR incision and provide effective early postoperative analgesia.

In this study, the Chinese version of the QoR-15 questionnaire was used to evaluate the recovery quality of patients 
48 h after surgery. The QoR-15 scores at 48 h postoperatively in the EOI group were significantly higher than those in the 
control group. An increasing number of studies have found that FPBs, such as ESPB for laparoscopic cholecystectomy 
and serratus intercostal interfascial plane block for open upper abdominal wall surgery, can improve patients’ QoR-15 
scores postoperatively.18,19 The results were consistent with the above studies, indicating that the EOI block can improve 
the quality of early recovery for patients undergoing OLR. In the study, the sleep quality was evaluated by the PSQI 
score. The results showed that patients receiving EOI block had significantly lower PSQI scores on the first night after 
surgery, which could be attributed to both the reduced postoperative pain and improved emotional state in the EOI group.

The application of nerve blocks in surgical patients and their impact on postoperative inflammation and stress 
response have been investigated in previous studies. Liu et al20 found that TAPB reduced perioperative levels of NE 
and Cor in patients undergoing radical gastrectomy. Cai et al21 performed serratus anterior plane block on patients 
undergoing upper abdominal surgery and found a decrease in the IL-6 and TNF-α levels 24 h postoperatively. In this 
study, the plasma levels of NE, Cor, HMGB1, TNF-α, and IL-6 at 6 h after surgery were higher than those before surgery, 
suggesting that stress and inflammation were caused by surgical trauma. And the levels of all the above stress and 
inflammation indexes in the EOI group were significantly lower than those in the control group 6 h postoperatively, 
indicating that EOI block can effectively reduce stress and inflammation, which may be related to EOI block in 
alleviating surgical trauma and relieving postoperative pain.

Taken together, these findings suggest that while the opioid-sparing effect of EOI block may be modest, its combined 
benefits in pain control, recovery quality, sleep outcomes, and modulation of stress/inflammatory responses represent 
a meaningful advancement in postoperative recovery for OLR patients.

No severe adverse reactions, such as pneumothorax or respiratory depression, were observed in this study, indicating 
a high safety of EOI block, possibly due to the relatively superficial injection site and injection being far away from 
blood vessels and nerves. Furthermore, the incidence of PONV was significantly reduced in the EOI group, which may 
be related to the lower consumption of sufentanil after surgery. The results are consistent with the findings of Hung 
et al,22 who reported that ESPB significantly decreased the incidence of PONV compared with control treatments in 
patients undergoing liver surgery.

This study also has several limitations. Firstly, this study was conducted at a single center with a relatively small 
sample size, which was calculated with a power of 80% to detect the primary outcome, potentially limiting the ability to 
detect smaller but still clinically meaningful differences in secondary outcomes. And all participants were Chinese 
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patients undergoing OLR. While our findings provide insights into this specific population, their generalizability to other 
demographics or surgical settings remains uncertain. Multicenter studies involving diverse demographics are needed to 
validate the results. Secondly, single injections of EOI block was employed in this study, resulting in limited analgesia 
duration. Further research is required to confirm the analgesic effect of continuous EOI block. Thirdly, due to serum 
samples only being collected up to 6 h postoperatively, it is not possible to reflect the long-term changes in certain 
inflammatory stress indicators. Fourth, plasma levels of ropivacaine were not monitored. Considering the potential 
alterations in drug metabolism among patients undergoing liver surgery, there may be a risk of systemic toxicity. 
However, according to the literature,23 this study used 0.25% ropivacaine, which is the minimum effective concentration 
for FPB, and no cases of LAST were observed among the patients. Lastly, the single-center design and limited sample 
size precluded subgroup or sensitivity analyses. Future multi-center studies with larger cohorts are needed to explore 
these important questions.

Based on the findings and limitations of this study, investigating the efficacy and safety of continuous EOI block via 
catheter insertion is a crucial next step to extend the analgesic benefits beyond 24 hours. The effect of EOI block can be 
verified in more diverse populations and its potential benefits on other clinical outcomes, such as chronic postoperative 
pain incidence, can be explored.

Conclusion
The ultrasound-guided EOI block given to patients undergoing open liver resection reduced the postoperative consump
tion of sufentanil and showed trends toward improved analgesia, postoperative recovery and sleep quality, and attenuate 
postoperative stress and inflammation. However, these findings require verification in larger, multicenter studies with pre- 
specified hierarchical endpoints.
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