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The impact of external oblique intercostal
block on early postoperative pain

and recovery in patients undergoing J-shaped
incisions for upper abdominal surgery:

a single-center prospective randomized
controlled study
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Abstract

Background The aim of this study was to investigate the effects of external oblique intercostal nerve block (EOIB) on
early postoperative pain and recovery in patients undergoing J-shaped incision surgery in the upper abdomen.

Methods Patients aged 18-85 years, classified as ASA I-lll, undergoing elective open upper abdominal J-shaped
incision surgery under general anesthesia were included in this study. Patients were randomized into two groups: the
external oblique intercostal nerve block group (Group E ) and the control group (Group C). Following induction of
general anesthesia, Group E received 30 ml of 0.375% ropivacaine and 4 mg dexamethasone for ultrasound-guided
EOIB on the surgical side, while Group C received no nerve block. Postoperatively, both groups utilized fentanyl
patient-controlled intravenous analgesia. The primary outcome of the study was the 24-hour fentanyl consumption
recorded for both groups. Patients with a Numeric Rating Scale (NRS) score >4 were administered 40 mg parecoxib
sodium as rescue analgesia.

Results Postoperative fentanyl consumption at 24 h was significantly lower in Group E compared to Group C
(832.92+66.42 ug vs. 1021.25+76.63 ug, p=0.001). Group E demonstrated lower NRS scores at rest and during
movement at 0, 2,4, 12, and 24 h postoperatively compared to Group C, but similar scores at 48 h. The time to

first ambulation (49.92+4.21 h vs. 58.38+2.95 h, p=0.001) and time to first flatus (59.79+2.49 h vs. 67.83+2.48 h,
p=0.001) were both shorter in Group E than in Group C, with higher Quality of Recovery-15 (QoR-15) scores in Group
E (108.00+3.80 vs.97.00+5.13, p=0.001).
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Conclusion EOIB significantly enhances postoperative analgesia in patients undergoing upper abdominal J-shaped
incision surgery, reducing opioid consumption and analgesic requirements, and improving the quality of recovery. It
may be considered as part of a multimodal analgesic regimen following upper abdominal surgery.

Trial registration This study was registered in the Chinese Clinical Trial Testing Center (ID: ChiCTR2300076653,

10.13.2023).

Keywords Ultrasound-guided, External oblique intercostal plane block, General surgery, Postoperative analgesia

Introduction

The J-shaped incision remains a common approach for
hepatopancreatectomy procedures [1, 2]. The extensive
nature of this incision and intraoperative traction can
result in severe pain. The mechanisms of pain include
peripheral nociceptor stimulation (subcostal incision, rib
retraction, diaphragmatic irritation, etc.) and sympatheti-
cally transmitted visceral pain. Current evidence suggests
that only 20-45% of patients undergoing major abdomi-
nal surgery achieve adequate postoperative pain relief
[3]. However, patients undergoing hepatic and splenic
resection may experience perioperative coagulopathy,
significant intraoperative blood loss, and postoperative
pain-induced respiratory complications [4], which could
limit the use of opioids and epidural analgesia.

Regional block techniques such as transversus abdomi-
nis plane block (TAPB), erector spinae plane block
(ESPB), and quadratus lumborum block (QLB) as part
of a multimodal postoperative analgesic regimen can
reduce perioperative opioid use [5, 6]. However, these
techniques still present challenges for patients undergo-
ing upper abdominal surgery, including positioning dif-
ficulties, technical challenges, and incomplete blockade.
The external oblique intercostal plane block (EOIB) is a
novel modified block technique; Hamilton first identi-
fied staining of the lateral cutaneous branches of the
intercostal nerves between T6-T10 in cadavers [7]; sub-
sequent studies by Elsharkawy et al. on EOIB in cadav-
ers and volunteers found staining of both the anterior
and lateral cutaneous branches of the intercostal nerves
from T7-T10, and consistent skin sensory blockade from
T6-T10 in the anterior axillary line and from T6-T9 in
the midaxillary line [8]. Compared to the aforementioned
block techniques, EOIB is more superficial, further from
the surgical incision, and can be performed or catheter-
ized for continuous analgesia in the supine position.

There is a lack of research on the efficacy of EOIB in
open upper abdominal surgery. The primary aim of this
study is to investigate the impact of EOIB on periopera-
tive opioid consumption and recovery in patients under-
going upper abdominal J-shaped incision surgery. We
hypothesize that EOIB can reduce opioid consumption
during the perioperative period and improve recovery
quality in patients undergoing upper abdominal J-shaped
incision surgery.

Methods

Study design

This prospective randomized study was approved by the
Ethics Committee of The Second Affiliated Hospital of
Xuzhou Medical University ([2023]052334 ) (05.23.2023),
registered at the Chinese Clinical Trial Registry
(ChiCTR2300076653 ) (10.13.2023), and conducted in
accordance with the principles of the Declaration of Hel-
sinki [9]. Written informed consent was obtained from
all participants. The report of this study adheres to the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines [10].

Patients aged 18-85 vyears, classified as American
Society of Anesthesiologists (ASA) physical status I-III,
undergoing open upper abdominal J-shaped incision
surgery (Partial hepatectomy, Splenectomy, Choledo-
cholithotomy) under general anesthesia at The Second
Affiliated Hospital of Xuzhou Medical University from
December 5, 2023 to October 2024 were included in
the study. Exclusion criteria included: Body Mass Index
(BMI)>30 kg/m? women in pregnancy and lactation,
allergy to study drugs, severe cardiopulmonary dysfunc-
tion, severe hepatic or renal insufficiency, history of pain
syndrome, opioid dependence, long-term analgesic use,
contraindications to nerve block, severe mental illness,
inability to communicate, coagulation disorders, or use
of anticoagulant drugs, and participation in other trials.
Patients were randomly assigned to Group E or Group C
in a 1:1 ratio using random sequences generated by the
StatBox system.

The computerized randomization was conducted by
an independent third party, with group assignments
stored in sealed, opaque envelopes. Anesthesiologists
performing EOIB were not blinded, but did not partici-
pate in data collection and assessment processes. Neither
patients nor the anesthesiologists managing periop-
erative care nor the surgeons conducting the operations
were aware of group assignments until the study’s com-
pletion. EOIB was performed after anesthesia induction
to ensure blinding of patients and researchers responsible
for data collection. Outcome assessors involved in data
collection were unaware of group assignments until after
data analysis was complete. A designated anesthesiolo-
gist from the study team instructed patients on using the
Numerical Rating Scale (NRS) for pain assessment and
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patient-controlled intravenous analgesia (PCIA) for post-
operative pain relief before postoperative follow-up.

Anesthesia management

All patients received standardized general anesthesia.
Upon arrival in the operating room, patients were rou-
tinely administered oxygen via facemask, an intrave-
nous line was established, and monitoring was initiated
for electrocardiogram (ECG), invasive blood pressure
(IBP), pulse oximetry (SpO2), and bispectral index (BIS).
Intravenous injections of fentanyl 2 pg/kg, propofol
1.5-2 mg/kg, and rocuronium 0.6 mg/kg were adminis-
tered sequentially, and endotracheal intubation was per-
formed when the patient’s BIS value was less than 50.
After intubation, the ventilator settings were adjusted
to a tidal volume of 6—8 ml/kg and a respiratory rate of
12-15 breaths per minute, maintaining end-tidal carbon
dioxide (EtCO,) between 35 and 45 mmHg and BIS val-
ues between 40 and 60. Anesthesia was maintained with
sevoflurane, remifentanil, and propofol. Rocuronium was
administered as needed to maintain muscle relaxation.
No additional rocuronium was given 30 min before the
end of surgery, and ondansetron 4 mg was administered
to prevent postoperative nausea and vomiting, while nal-
buphine 5 mg and ketorolac tromethamine 30 mg were
used for postoperative analgesia. At the conclusion of
surgery, sugammadex 2-4 mg/kg was used to reverse the
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Fig. 1 Ultrasound images of EOIB
(Displaying the needle direction and the area of drug administration.)
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effects of rocuronium. Patients were extubated and trans-
ferred to the post-anesthesia care unit (PACU).

Ultrasound-guided external oblique intercostal block
(EOIB)

Group E received an ultrasound-guided EOIB by an
experienced anesthesiologist following induction of gen-
eral anesthesia, with the anesthesiologist not involved
in the collection of trial data. The block was performed
according to the method described by Elsharkawy et al.
[8]. Patients were positioned supine with the ipsilateral
arm abducted. A high-frequency linear array transducer
was placed in the sagittal plane between the midclavic-
ular line and the anterior axillary line, with the marker
directed towards the head, to identify the sixth and sev-
enth ribs (approximately at the level of the xiphoid pro-
cess). The transducer was slightly rotated clockwise for a
clearer view. Using an in-plane technique, a nerve block
needle was advanced from the cephalic direction until
the tip was positioned between the sixth and seventh
ribs, in the plane between the external oblique muscle
and the intercostal muscles. After hydrodissection with
2-3 ml of 0.9% saline to confirm the needle tip position, a
mixture containing 30 ml of 0.375% ropivacaine and 4 mg
dexamethasone was injected into the plane (Fig. 1).
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Postoperative pain management

Upon completion of surgery, all patients were connected
to PCIA, which contained fentanyl at a concentration of
10 pg/ml without a background infusion. The PCIA was
programmed to deliver a 10 pg bolus of fentanyl upon
patient demand, with a lockout interval of 10 min and a
1-hour limit of 60 pg. Upon arrival at the post-anesthe-
sia care unit (PACU), postoperative pain was assessed
using a NRS score from 0 (no pain) to 10 (worst possible
pain). If the NRS score>4, patients were instructed to use
the PCIA. Transfer to the ward was initiated when the
Aldrete score reached 9 or above. In cases where NRS
scores remained>4 despite the maximum PCIA dosage,
patients received an intravenous rescue analgesic dose
of parecoxib sodium 40 mg. Resting and dynamic NRS
scores were evaluated by independent researchers at 0, 2,
4, 12, 24, and 48 h postoperatively, either in the PACU or
on the ward.

Outcome measures

The primary outcome measure of this study was the con-
sumption of fentanyl within the first 24 h postoperatively.
Secondary outcomes included resting and movement
NRS scores at 0, 2, 4, 12, 24, and 48 h postoperatively;
cumulative fentanyl consumption at 2, 4, 12, 24, and 48 h
postoperatively; time to first use of the analgesic pump;
number of rescue analgesic administrations; opioid-
related adverse effects (postoperative nausea and vomit-
ing (PONV), sedation, pruritus, urinary retention); time
to first ambulation and first flatus postoperatively; and
postoperative Quality of Recovery-15 (QOR-15) scores
[11].

Statistical analysis

Sample size calculation was performed using PASS
2021 software and the sample size calculation formula
for comparing the means of two independent samples
is utilized, with postoperative fentanyl consumption
within 24 h as the primary outcome measure. Based
on preliminary results from a small sample of 10 cases,
Group C and Group E had fentanyl consumptions of
(1041.0+178.6 pg) and (854.0+141.5 pg), respectively,
at 24 h postoperatively. With a significance level a=0.05
and a power of 90%, it was determined that 21 cases per
group would be required. Accounting for a 10% dropout
rate, the total sample size was calculated to be 48 cases,
with 24 patients included in each group.

Data analysis was performed using IBM SPSS Statistics
26.0 (IBM, Armonk, NY, USA). The Shapiro-Wilk test
was employed to assess the normality of data distribu-
tion. Data that were normally distributed are presented
as mean + standard deviation (mean + SD), while data that
were not normally distributed are shown as median and
interquartile range (IQR). Student’s t-test was utilized for
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normally distributed variables, and the Mann-Whitney U
test was applied for non-normally distributed variables to
compare the mean differences between the two groups.
Categorical variables are expressed as the number of
patients (n) and percentage (%), with chi-square tests
or Fisher’s exact tests used for categorical data analysis.
Repeated measures ANOVA and generalized estimating
equations were applied to examine differences across var-
ious time points. The Kaplan-Meier survival analysis was
applied to compare the time to first use of PCIA between
the two groups. The first use of PCIA was considered as
“death’, and the interval from the connection of PCIA to
its first use was defined as “survival time” The survival
rate was calculated as the proportion of patients who
had not used PCIA at each time point relative to the total
number of patients in each group (n=24). The resulting
survival curve had time on the x-axis and survival rate
on the y-axis. The Log-Rank test was used to evaluate
the significance of differences between the groups and
the hazard ratio (HR) was used to measure the relative
difference in the risk of an event occurring between two
groups. The significance level was set at a=0.05, and all
analyses were conducted as two-tailed tests, with p <0.05
indicating statistical significance.

Results

A total of 60 patients met the study eligibility criteria.
Five patients declined to participate, and seven were
excluded based on the inclusion criteria, resulting in 48
patients enrolled in the study. All enrolled cases com-
pleted the surgery and data collection according to the
study protocol (Fig. 2).

There were no statistically significant differences in
the baseline characteristics between the two groups
(Table 1). There were no significant differences in the
types of surgery, duration of surgery and anesthesia,
and intraoperative fluid balance between the groups.
Compared to Group C, Group E had lower intraop-
erative remifentanil consumption (385.8+30.78 pg vs.
420.8+18.16 pg, p=0.001) (Table 2). The 24-hour fen-
tanyl consumption was lower in Group E compared
to Group C (832.92+66.42 ug vs. 1021.25+76.63 g,
p=0.001), with significant differences at all other time
points (2, 4, 12, 48 h) (p=0.01) (Table 3).

The resting NRS scores at 0, 2, 4, 12, and 24 h were
significantly lower in Group E compared to Group
C (p=0.001). There was no significant difference in
NRS scores at 48 h between the two groups (p=0.227)
(Fig. 3A). Group E also had significantly lower movement
NRS scores at 24 h postoperatively (p=0.001), with no
significant difference at 48 h (p = 0.124) (Fig. 3B).

The Kaplan-Meier curves for the time to first use of
PCIA showed significant differences between the two
groups (Log-rank test, p <0.001) (Fig. 4), with no missing
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Assessed for eligibility (n=60)

Excluded (n=12)
* Declined to participate (n=5)

* BMI over 30 kg/m? (n=4)

* Severe heart failure (n=3)

Randomized (n=48)

[ Allocation

] v

Allocated to Group E (n=24)
Received intervention

Allocated to Group C (n=24)

Received intervention

[ Follow-up ]

Lost to follow-up (n=0)

Lost to follow-up (n=0)

Analysis ]

Analysed (n=24)

Fig. 2 CONSORT flow diagram of study

values. The curves diverged distinctly, with the curve for
group C descending more rapidly, indicating a higher fre-
quency of PCIA use and a lower survival rate. In contrast,
group E had a longer median survival time than group C
and the HR value for Group E was 0.07.

The incidence of postoperative nausea and vomiting
and sedation was lower in Group E compared to Group C
(p=0.035, p=0.014), while there were no significant dif-
ferences in postoperative pruritus and urinary retention
between the two groups (p=0.267, p=0.637). Compared
to Group C, Group E had shorter times to first ambula-
tion (49.92+4.21 h vs. 58.38+2.95 h, p=0.001) and first
flatus (59.79+2.49 h vs. 67.83+2.48 h, p=0.001), and
higher postoperative QoR-15 scores (108.00+3.80 vs.

Analysed (n=24)

97.00+5.13, p=0.001) (Table 4). No patient experienced
complications related to nerve block, such as pneumo-
thorax, bleeding, or local anesthetic systemic toxicity.

Discussion

The results of this randomized controlled trial demon-
strate that EOIB significantly reduces postoperative NRS
scores and fentanyl consumption in patients undergoing
upper abdominal J-shaped incision surgery. Compared
to patients who did not receive any block, the aver-
age cumulative fentanyl consumption in Group E was
reduced by 18.4% over 24 h; during the first 24 h post-
operatively, both resting and movement NRS scores were
significantly lower in Group E than in Group C, with a
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Table 1 Patient characteristics
Characteristic Group C(n=24) Group E(n=24) P-value
Age(yr); (mean+SD) 65.83+3.1 65.58+437 0.82
Female/ Male (n/n) 12/12 13/11 0.773
BM\(kgm’z);(meaniSD) 23.28+093 23.79+1.26 0113
ASA physical status; II/ 1l (n/n) 12/12 10/14 0.562
Basic disease
Hypertension; n (%) 15(62.5) 16(66.7) 0.763
Diabetes; n (%) 17(70.83) 16(66.7) 0.755
Tachycardia; n (%) 2(8.33) 0(0.0) 0.149
Bradycardia; n (%) 0(0.0) 3(12.5) 0.074
Laboratory examination
Albumin (g L= ");(mean+SD) 42.17+2.05 4242+1.52 0.634
Total bilirubin (umol L™");(mean +SD) 15.50+3.41 15.79+1.62 0.787
RBC(10"L");(mean +SD) 4224036 4174043 0.698
HCT(%);(mean +SD) 41.57£167 41.26+3.33 0.689
HB(g dI™;(mean £5D) 12.78+1.62 13.17£1.71 0421

Data are presented as mean+SD, number (%) or number

Abbreviations: SD Standard deviation, IQR Interquartile range, BMI Body mass index, ASA American Society of Anesthesiologists; RBC Red Blood Cells; HCT

Hematocrit; HB Hemoglobin. P<0.05 was considered statistically signifcant

Table 2 Intraoperative data

Characteristic Group C Group E (n=24) P-value
(n=24)

Partialhepatectomy/SplenectomyCholedocholithotomy(n/n/n) 12/8/4 15/5/4 0.599

Duration of surgery (min); (mean +SD) 125.0+6.73 124.4+6.94 0.785

Duration of anaesthesia (min); (mean £SD) 146.0+8.46 145.1+8.16 0.796

Duration of extubation (min); (mean+SD) 21.0+3.54 20.7+3.63 0.873

Crystalloid infusion (ml); (mean +SD) 1516.7+160.61 1529.2+157.36 0.787

Colloid infusion (ml); median (IQR) 0(0,500) 0(0,500) 0.921

Amount of bleeding (ml); (mean +SD) 258.3+5836 2479+54.13 0.525

Urine volume (ml); (mean+SD) 3542+6240 360.4+60.76 0.727

Intraoperative remifentanil consumption (ug); (mean+SD) 420.8+18.16 385.8+30.78 0.001

Intraoperative propofol consumption (mg); (mean +SD) 389.2+2827 364.2+39.11 0.015

Data are presented as mean +SD, median (IQR) or number

Abbreviations: SD Standard deviation, IQR Interquartile range. P<0.05 was considered statistically signifcant

Table 3 Cumulative Fentanyl consumption at different time points

Group Postoperative Time F P
2h 4h 12h 24h 48 h

Group E (n=24) 72.29+19.78 188.96+28.44 512.50+4945 8329246643 948.33+98.63 1254.56 0.01

Group C(n=24) 91.25+£1227 215.83+26.03 601.67+22.97 1021.25+76.63 1138.75+86.60 248331 0.01

t 3.99 342 8.01 9.10 7.1

P 0.01 0.01 0.01 0.01 0.01

Data are presented as (ug); mean+SD. P<0.05 was considered statistically signifcant

median NRS score difference of 2 points at 0 h. These
findings preliminarily establish the analgesic effect of
EOIB following upper abdominal J-shaped incision
surgery.

Previous studies have reported that regional block
techniques, such as neuraxial analgesia and peripheral
nerve blocks, can reduce perioperative pain and opioid
consumption in upper abdominal surgery, accelerating
patient recovery [12]. A review suggests that epidural

and intrathecal analgesia provide high-quality analge-
sia and reduce cardiovascular and respiratory complica-
tions, but coagulopathy-induced epidural infections and
hematomas in liver surgery remain clinical challenges
[13]; a study indicates that transversus abdominis plane
(TAP) catheter analgesia can reduce opioid requirements
after subcostal incision hepatectomy [14], but the cath-
eter insertion site is close to the surgical incision and the
block coverage is difficult to extend to the upper lateral
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Fig. 3 Postoperative pain scores in both groups. A, NRS scores at rest. B, NRS scores during movement. Box plots represent median (interquartile range),

with the whiskers representing minimum and maximum values. *p <0.05

abdominal wall [15]; additionally, studies by Huang and
Zhu et al. have elucidated the analgesic and opioid-spar-
ing effects of QLB and ESPB in hepatectomy [16, 17],
but both blocks are deeper and cannot be performed in
the supine position, with the ESPB’s block range being
unpredictable [18]. The aforementioned methods have
certain technical and hospital consumable requirements
for anesthesiologists and may also pose risks of tissue
hematoma, infection, or insufficient analgesia. EOIB is a
superficial block targeting the plane between the external
oblique muscle and the intercostal muscles, which can be
easily identified by ultrasound even in obese patients [19,

20]. Compared with QLB and ESPB, EOIB has more rec-
ognizable injection targets and a more superficial punc-
ture point, which will not injure deep tissues and visceral
organs. It has a low incidence of complications such as
hematoma and infection. The procedure is simpler and
can be performed without the patient being in a spe-
cial position. Transversus abdominis plane block has no
effect on the upper abdominal sensation, while the block
range of EOIB involves the upper abdomen, which meets
the analgesic requirements of the J-shaped incision. The
puncture point is far from the surgical incision and vas-
cular bed [21], facilitating the surgical operation.
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Table 4 Secondary outcomes between groups
Characteristic Group C(n=24) Group E(n=24) P-value
Postoperative adverse reactions
PONV; n (%) 12(50.0) 5(20.8) 0.035
Lethargy; n (%) 12(50.0) 4(16.7) 0014
Pruritus; n (%) 6(25.0) 3(12.5) 0.267
Uroschesis; n (%) 3(12.5) 2(8.3) 0.637
Postoperative flatulence time (h); (mean +SD) 67.83+248 59.79+2.49 0.001
Postoperative ambulation time (h); (mean +SD) 58.38+295 49924421 0.001
Time to first use PCIA (h); median (IQR)/(mean +SD) 30(20, 33.75) 52.17+13.89 0.001
Rescue analgesia (in 48 h); median (1QR) 2.5(2,3) 1.0(0,2) 0.001
The QoR-15 score; (mean +SD) 97.00+5.13 108.00+3.80 0.001

Data are presented as mean+SD, median (IQR) or number (%)

Abbreviations: SD Standard deviation, IQR Interquartile range, PONV Postoperative Nausea and Vomiting, PCIA patient-controlled intravenous analgesia, QoR-15

Quality of Recovery-15. P<0.05 was considered statistically signifcant

Current evidence on the postoperative efficacy of
EOIB in upper abdominal surgery is primarily based on
case reports and laparoscopic surgery [22—-24]. In a case
report following open liver surgery, researchers placed an
EOI plane catheter in the right recovery area postopera-
tively for analgesia, and with supplemental injections of
0.375% ropivacaine 20 ml and clonidine 75 pg every 12 h,
the patient’s NRS score was reduced to 0 within 15 min,
with no need for any acetaminophen or other analgesics
until discharge [25]. Studies on laparoscopic cholecystec-
tomy and sleeve gastrectomy also concluded that EOIB
reduced postoperative pain and analgesic use [26, 27]. In
this study, both Group E and Group C received postop-
erative PCIA. The Kaplan-Meier curve indicated that the
risk of using PCIA was lower in Group E than in Group
C, suggesting that EIOB can prolong the duration of

analgesia in upper abdominal J-shaped incision surgery.
However, due to the lack of prospective studies compar-
ing the two groups without PCIA, it is challenging to
comment on the consistency of the trial results. Never-
theless, the significant reduction in fentanyl consump-
tion and the NRS score difference greater than 2 points
at 0 h postoperatively still support the evidence of EOIB’s
effectiveness in pain management after upper abdominal
J-shaped incision surgery. Currently, the application of
EIOB in upper abdominal surgery is limited. It has dem-
onstrated satisfactory analgesic efficacy in laparoscopic
surgeries. The case reports and the findings of this study
suggest that EIOB also provides effective analgesia in
open upper abdominal surgeries and is worthy of further
clinical application.
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EOIB is a novel fascial plane block that provides anal-
gesia to the anterior and lateral walls of the upper abdo-
men [7]. Elsharkawy discovered the potential mechanism
of EOIB through a study on cadavers and volunteers,
finding that a single EOIB dyed the anterior and lateral
cutaneous branches of the intercostal nerves from T6/7
to T10/11. The upper abdominal wall is innervated by the
intercostal nerves T6-T10 [8], and the J-shaped incision
is precisely within the nerve distribution that can be cov-
ered by EOIB. In this study, to maintain blinding and alle-
viate patient anxiety, EOIB was performed after general
anesthesia induction, hence no assessment of sensory
levels was conducted.

The time to first use of PCIA in this study was signifi-
cantly shorter than that in laparoscopic surgery patients
who also received unilateral EOIB postoperatively, and
the NRS score at 0 h was higher than that in contem-
porary laparoscopic surgery patients, which may be
related to the degree of pain caused by incision size. The
limitation of EOIB is that it cannot affect visceral pain;
some scholars believe that the blocking effect of EOIB
on the anterior cutaneous branches of T6-T10 inter-
costal nerves is insufficient, requiring bilateral blocks
to prevent insufficient analgesia [28]. This study did not
report any nerve block-related complications, but EOIB
still carries potential risks such as pneumothorax, infec-
tion at the puncture site, and systemic toxicity from local
anesthetic absorption. Most studies use 0.25% bupiva-
caine for EOIB blocks, with a volume of about 30-40 ml
and bilateral blocks; this study used a unilateral 30 ml of
0.375% ropivacaine without causing systemic local anes-
thetic toxicity, suggesting a higher safety profile for EOIB.
Dexamethasone, used as an adjuvant in local anesthetic
agents, can provide anti-inflammatory and analgesic
effects and prolong the duration of action of EIOB. The
incidence of nausea and vomiting was significantly dif-
ferent between the two groups, which may be related to
the lower use of opioids in Group E and the effects of
dexamethasone after systemic absorption. There was a
significant difference in the time to first ambulation, first
flatus, and QoR-15 scores between the two groups. Post-
operative acute pain can lead to postoperative insomnia,
anxiety, and systemic stress and inflammatory responses;
studies have indicated that adherence to early activity is
key to successful enhancement of recovery after hepatec-
tomy [29]. The results of this study suggest that EOIB can
alleviate postoperative pain, reduce systemic stress and
inflammatory responses, allow for early mobilization,
and promote postoperative recovery.

The study has limitations. Firstly, as a single-center
study, the results may be subject to regional biases, and
further multicenter studies with larger sample sizes are
required for validation. Secondly, EOIB was performed in
Group E after anesthesia induction, without assessment
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of the sensory block range, which could have led to block
failure in some patients. Thirdly, the study involved a sin-
gle-shot EOIB, and the metabolism of local anesthetics
might have influenced the final outcomes, suggesting that
continuous catheter-based blocks may be necessary for
future studies. Fourthly, the surgical procedures were not
standardized. Although the surgical spectrum was simi-
lar between the two groups and all patients underwent
surgery via a J-shaped incision, the sources and degrees
of pain caused by different surgeries varied. Moreover,
the retraction time, retraction distance, and extent of tis-
sue manipulation for the same type of surgery were not
consistent. These factors could influence postoperative
pain and opioid consumption. Lastly, the study utilized
a single concentration and volume of local anesthetic for
EOIB, and the optimal concentration and volume require
further investigation.

Conclusion

The findings of this study indicate that EOIB provides
significant postoperative analgesic effects in patients
undergoing upper abdominal J-shaped incision surgery,
reducing opioid consumption and analgesic require-
ments, and enhancing the quality of recovery. It may
become part of a multimodal analgesic regimen following
upper abdominal surgery.

Acknowledgements

The authors express their gratitude for the support from the general surgery
team at the Second Affiliated Hospital of Xuzhou Medical University, as well as
all authors who have contributed to the research work.

Author contributions

Yi S participated in the study conception, proposal writing, data analysis,
and the article draft and manuscript revision. Zhang XL contributed to
implementation of the intervention measures and the final draft. Song YH
contributed to the article draft and data collection. Wang XH contributed to
the proposal writing, editing, and article draft. Gao H participated in study
design and data analysis. Yuan Z participated in study design and final draft.
Kong MJ participated in study design, manuscript revision and fnal draft. All
authors read and approved the final manuscript.

Funding

This study was supported by the Medical Science and Technology Innovation
Key Project of Xuzhou Health Commission (XWKYHT20230041) and the
Development Fund of Affiliated Hospital of Xuzhou Medical University
(XYFM202330).

Data availability
The datasets used and analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The study conformed to the guidelines of the Declaration of Helsinki and was
approved by the Ethics Committee of The Second Afliated Hospital of Xuzhou
Medical University ([2023]052334), and this study was registered with the
Chinese Clinical Trial Testing Center (ID: ChiCTR2300076653). All participants
gave written informed consent.

All authors listed meet the authorship criteria according to the latest
guidelines of the International Committee of Medical Journal Editors, and that



Yi et al. BMC Anesthesiology (2025) 25:158

all authors are in agreement with the manuscript. Written informed consent
was taken from all the patients. This study was registered in the Chinese
Clinical Trial Testing Center (ID: ChiCTR2300076653, 10.13.2023).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Anesthesiology, The Second Affiliated Hospital of Xuzhou
Medical University, No. 32, Meijian Road, Xuzhou, Jiangsu Province, China
’Department of General Surgery, The Second Affiliated Hospital of
Xuzhou Medical University, No. 32, Meijian Road, Xuzhou, Jiangsu
Province, China

Received: 14 December 2024 / Accepted: 26 March 2025
Published online: 05 April 2025

References

1. Heisterkamp J, Marsman HA, Eker H, Metselaar HJ, Tilanus HW, Kazemier G. A
J-shaped subcostal incision reduces the incidence of abdominal wall compli-
cations in liver transplantation. Liver Transpl. 2008;14(11):1655-8.

2. DAngelica M, Maddineni S, Fong Y, Martin RCG, Cohen MS, Ben-Porat L,
Gonen M, DeMatteo RP, Blumgart LH, Jarnagin WR. Optimal abdominal inci-
sion for partial hepatectomy: increased late complications with Mercedes-
type incisions compared to extended right subcostal incisions. World J Surg.
2006;30(3):410-8.

3. Dudek P, Zawadka M, Andruszkiewicz P, Gelo R, Pugliese F, Bilotta F. Post-
operative analgesia after open liver surgery: systematic review of clinical
evidence. J Clin Med. 2021;10(16).

4. Boden |, Skinner EH, Browning L, Reeve J, Anderson L, Hill C, Robertson
IK, Story D, Denehy L. Preoperative physiotherapy for the prevention of
respiratory complications after upper abdominal surgery: pragmatic, double
blinded, multicentre randomised controlled trial. Bmj. 2018.

5. Urits 1, Ostling PS, Novitch MB, Burns JC, Charipova K, Gress KL, Kaye RJ, Eng
MR, Cornett EM, Kaye AD. Truncal regional nerve blocks in clinical anesthesia
practice. Best Pract Res Clin Anaesthesiol. 2019;33(4):559-71.

6.  SteinfeldtT, Kessler P, Vicent O, Schwemmer U, Doffert J, Lang P, Mathioudakis
D, Huttemann E, Armbruster W, Sujatta S, et al. Periphere Rumpfwandblock-
aden- Ubersicht Und Bewertung Der Anaesthesist. 2020;69(12):860-77.

7. Hamilton DL, Manickam BP, Wilson MAJ, Abdel Meguid E. External oblique
fascial plane block. Reg Anesth Pain Med. 2019.

8. Elsharkawy H, Kolli S, Soliman LM, Seif J, Drake RL, Mariano ER, EI-Boghdadly

K. The external oblique intercostal block: anatomic evaluation and case series.

Pain Med. 2021,22(11):2436-42.

9. Goodyear MD, Krleza-Jeric K, Lemmens T. The declaration of Helsinki. BMJ.
2007,335(7621):624-5.

10.  Schulz KF, Altman DG, Moher D. CONSORT 2010 statement: updated guide-
lines for reporting parallel group randomised trials. BMJ. 2010;340(mar23
1).c332-332.

11, Stark PA, Myles PS, Burke JA. Development and psychometric evaluation
of a postoperative quality of recovery score: the QoR-15. Anesthesiology.
2013;118(6):1332-40.

12.  Pirie K, Traer E, Finniss D, Myles PS, Riedel B. Current approaches to acute
postoperative pain management after major abdominal surgery: a narrative
review and future directions. Br J Anaesth. 2022;129(3):378-93.

Page 10 of 10

13. Tzimas P, Prout J, Papadopoulos G, Mallett SV. Epidural anaesthesia and
analgesia for liver resection. Anaesthesia. 2013;68(6):628-35.

14.  Karanicolas PJ, Cleary S, McHardy P, Kiss A, Sawyer J, Behman R, Ladak S,
McCluskey SA, Srinivas C, Katz J, et al. Medial open transversus abdominis
plane (MOTAP) catheters reduce opioid requirements and improve pain
control following open liver resection. Ann Surg. 2018;268(2):233-40.

15. ChenY, ShiK, Xia Y, Zhang X, Papadimos TJ, Xu X, Wang Q. Sensory assess-
ment and regression rate of bilateral oblique subcostal transversus abdomi-
nis plane block in volunteers. Reg Anesth Pain Med. 2018;43(2):174-9.

16. Huang X, Wang J, Zhang J, Kang Y, Sandeep B, Yang J. Ultrasound-guided
erector spinae plane block improves analgesia after laparoscopic hepatec-
tomy: a randomised controlled trial. Br J Anaesth. 2022;129(3):445-53.

17. ZhuQ, LiL,Yang Z Shen J, Zhu R, Wen Y, Cai W, Liu L. Ultrasound guided
continuous quadratus lumborum block hastened recovery in patients under-
going open liver resection: a randomized controlled, open-label trial. BMC
Anesthesiol. 2019;19(1).

18.  Chin KJ, El-Boghdadly K. Mechanisms of action of the erector spinae
plane (ESP) block: a narrative review. Can J Anesthesia/Journal Canadien
D'anesthésie. 2021;68(3):387-408.

19. White L, Ji A. External oblique intercostal plane block for upper abdominal
surgery: use in obese patients. Br J Anaesth. 2022;128(5):e295-7.

20. Cosarcan SK, Yavuz Y, Dogan AT, Ercelen O. Can postoperative pain be
prevented in bariatric surgery?? Efficacy and usability of fascial plane blocks:
a retrospective clinical study. Obes Surg. 2022;32(9):2921-9.

21, Erskine RN, White L. A review of the external oblique intercostal plane block
- a novel approach to analgesia for upper abdominal surgery. J Clin Anesth.
2022;82:110953.

22. O'Donovan B, Martin B. The novel use of an external oblique nerve catheter
after open cholecystectomy. Cureus. 2021;13(2):e13580.

23.  Cosarcan SK, Ercelen O. The analgesic contribution of external oblique inter-
costal block: case reports of 3 different surgeries and 3 spectacular effects.
Med (Baltim). 2022;101(36):e30435.

24.  Korkusuz M, Basaran B, Et T, Bilge A, Yarimoglu R, Yildirim H. Bilateral external
oblique intercostal plane block (EOIPB) in patients undergoing laparoscopic
cholecystectomy. Saudi Med J. 2023;44(10):1037-46.

25.  Liotiri D, Diamantis A, Papapetrou E, Grapsidi V, Sioka E, Stamatiou G, Zacha-
roulis D. External oblique intercostal (EOI) block for enhanced recovery after
liver surgery: a case series. Anaesth Rep. 2023;11(1):e12225.

26. Mehmet Selim C, Halide S, Erkan Cem G, Onur K, Sedat H, Senem U. Efficacy
of unilateral external oblique intercostal fascial plane block versus subcostal
TAP block in laparoscopic cholecystectomy: randomized, prospective study.
Surg Innov. 2024;31(4):381-8.

27.  Ozel ES, Kaya C, Turunc E, Ustun YB, Cebeci H, Dost B. Analgesic efficacy ofthe
external oblique intercostal fascial plane block on postoperative acute painin
laparoscopic sleeve gastrectomy: a randomized controlled trial. Korean
JAnesthesiol. 2025 Jan 21.

28. Tulgar S, Ahiskalioglu A, Selvi O, Thomas DT, Ozer Z. Similarities between
external oblique fascial plane block and blockage of thoracoabdominal
nerves through perichondral approach (TAPA). J Clin Anesth. 2019,57:91-2.

29. Yip VS, Dunne DFJ, Samuels S, Tan CY, Lacasia C, Tang J, Burston C, Malik
HZ, Poston GJ, Fenwick SW. Adherence to early mobilisation: key for suc-
cessful enhanced recovery after liver resection. Eur J Surg Oncol (EJSO).
2016;42(10):1561-7.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The impact of external oblique intercostal block on early postoperative pain and recovery in patients undergoing J-shaped incisions for upper abdominal surgery: a single-center prospective randomized controlled study
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study design
	﻿Anesthesia management
	﻿Ultrasound-guided external oblique intercostal block (EOIB)
	﻿Postoperative pain management
	﻿Outcome measures
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


