
Vol:.(1234567890)

Surgical Endoscopy (2022) 36:1044–1052
https://doi.org/10.1007/s00464-021-08370-9

1 3

Ultrasound‑guided bilateral subcostal transversus abdominis plane 
block in gastric cancer patients undergoing laparoscopic gastrectomy: 
a randomised‑controlled double‑blinded study

Susie Yoon1,2 · Gyu Young Song1 · Jihye Lee3 · Ho‑Jin Lee1,2  · Seong‑Ho Kong4,5 · Won Ho Kim1,2 · Do Joong Park4,5 · 
Hyuk‑Joon Lee4,5 · Han‑Kwang Yang4,5

Received: 10 October 2020 / Accepted: 9 February 2021 / Published online: 26 February 2021 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
Background The effectiveness of subcostal transversus abdominis plane block (TAPB) in laparoscopic gastric cancer surgery 
is unknown. We aimed to investigate its opioid-sparing and pain-relief effects in laparoscopic gastrectomy for gastric cancer.
Method One hundred and twelve patients undergoing elective laparoscopic gastrectomy were randomised to the TAPB or 
control group. The TAPB group received ultrasound-guided bilateral subcostal TAPB at the end of surgery, while the con-
trol group did not. We investigated fentanyl consumption administered via intravenous patient-controlled analgesia and as a 
rescue analgesic, the numeric rating scale (NRS) pain scores at rest and during coughing, and the opioid-related side effects 
at 6, 12, 24, and 48 h postoperatively. The primary outcome was cumulative fentanyl consumption at 24 h postoperatively.
Results The study included 53 patients in each group. The cumulative fentanyl consumption 24 h postoperatively was 
significantly lower in the TAPB group than in the control group (median difference -170 mcg, P = 0.03, 95% CI -360 to 
-15 mcg). Subcostal TAPB also significantly reduced the resting NRS score at 48 h postoperatively (median difference -1, 
95% CI -1 to 0, P = 0.01) and coughing NRS score at all time points (all median difference -1, 95% CI -2 to 0, P < 0.01, P  
= 0.02, 0.01, and 0.01, respectively). However, it did not reduce the occurrence of opioid-related side effects, except the use 
of antiemetics during the first 6 h postoperatively (TAPB, 1.9% vs. Control, 15.1%, P = 0.03).
Conclusion Ultrasound-guided bilateral subcostal TAPB provides efficient postoperative analgesia with an opioid-sparing 
effect after laparoscopic gastrectomy.
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Gastric cancer is the fifth most frequently diagnosed cancer 
and the third leading cause of cancer death in the world 

[1]. The only curative treatment for gastric cancer is sur-
gical resection [2], and recently, laparoscopic gastrectomy 
has become the standard treatment for early and locally 
advanced gastric cancer [3–5].

Opioid-sparing multimodal analgesia is the current stand-
ard method for postoperative pain management. Among the 
various regional techniques, subcostal transversus abdominis 
plane block (TAPB) provides analgesic coverage to the 
upper anterior-lateral abdominal wall and is currently a 
popular analgesic technique for upper abdominal surgery [6]. 
Considering the area and duration of the cutaneous sensory 
blockade of subcostal TAPB [7], subcostal TAPB could be a 
useful opioid-sparing analgesia in laparoscopic gastrectomy 
for gastric cancer.

However, to the best of our knowledge, there are no 
reports on the effects of subcostal TAPB in laparoscopic 
gastrectomy for gastric cancer. Since TAPB is strongly 
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recommended for laparoscopic colorectal surgery in the 
recently updated Enhanced Recovery After Surgery (ERAS) 
guidelines [8], subcostal TAPB may play an important role 
in ERAS protocol-guided laparoscopic gastrectomy. We 
hypothesised that subcostal TAPB would reduce opioid 
requirement and postoperative pain in patients undergoing 
laparoscopic gastrectomy for gastric cancer. Therefore, we 
conducted a randomised, controlled, double-blinded study 
to elucidate the postoperative opioid-sparing and pain relief 
effects of subcostal TAPB in laparoscopic gastric cancer 
surgery patients before establishing an in-hospital ERAS 
protocol.

Materials and methods

This prospective randomised study was approved by the 
Institutional Review Board of the Seoul National Univer-
sity Hospital (No. H-1909-076-1065) and registered with 
ClinicalTrials.gov (NCT04138901, 24 October 2019). All 
participants provided written informed consent before the 
study. We designed and reported the study findings follow-
ing the Consolidated Standards of Reporting Trials recom-
mendations [9].

All patients aged between 18 and 80 years who were 
scheduled for elective laparoscopic gastrectomy for gastric 
cancer were screened for eligibility. Exclusion criteria were: 
1) American Society of Anesthesiologists (ASA) physical 
status greater than III, 2) chronic opioid use, 3) history of 
abdominal surgery, 4) allergic to local anaesthetics, fentanyl, 
and nefopam, 5) wound infiltration analgesia, 6) infection 
or anatomical abnormalities at the injection site, 7) poorly 
controlled psychiatric disorders that could interfere with the 
interpretation of the outcome assessments, 8) pregnancy or 
lactation, and 9) inability to understand the provided infor-
mation regarding the study protocol and grant informed con-
sent. Before surgery, we educated the participating patients 
on intravenous patient-controlled analgesia (IV-PCA) and 
the method of pain assessment.

Randomisation and blinding

After enrolment, patients were randomly assigned to two 
groups (subcostal TAPB or control group) according to the 
stratified block randomisation. Stratification was conducted 
to reduce the bias of the mini-laparotomy site, the largest 
incision site, which can compromise the effect of subcostal 
TAPB in epigastric and lower abdominal incisions (supra- or 
infra-umbilical, right or left lower quadrant incision) by a 
ratio of approximately 1:3, based on its recent surgical vol-
ume at our institution. Then, randomisation was performed 
in a 1:1 allocation ratio in mixed-block sizes of 4 and 6 
by an anaesthesiologist who was not involved in the study. 

The results of randomisation were sealed in an envelope and 
delivered to the researchers on the day of surgery.

The sealed envelopes were opened by the researchers 
(S.Y. and H-J.L.), who performed subcostal TAPB at the end 
of surgery. In the TAPB group, a 21-gauge 100 mm needle 
(Echoplex plus, Vygon, Ecouen, France) was inserted from 
the bilateral ends of the rectus abdominis muscles using 
ultrasound guidance (Vivid I, GE Healthcare, Marlborough, 
MA, USA) with a linear 6–13 MHz transducer. Fifteen mil-
lilitres of 0.375% ropivacaine (Ropiva Injection, Hanlim 
Pharm Co., Ltd, Seoul, Korea) was injected, on each side, 
from the medial end of the internal oblique abdominis mus-
cle in the outward direction. We did not perform the afore-
mentioned intervention in the control group because TAPB 
was performed under general anaesthesia. To ensure that the 
evaluator and patients remained blinded to the group assign-
ment, adhesive foam dressings were attached to include the 
needle insertion site or the expected insertion site in both 
groups during the study period.

Anaesthesia and surgical procedure

All procedures, other than the TAPB, were performed 
equally between the two groups. Anaesthesia was induced 
using propofol, remifentanil, and rocuronium, and subse-
quently maintained by desflurane, remifentanil, and rocuro-
nium. During the induction, palonosetron (0.075 mg) was 
administered to all patients. Additionally, 5 mg of dexameth-
asone was administered to patients with an Apfel score ≥ 2 
to prevent postoperative nausea and vomiting (PONV) 
[10]. Skin incisions for trocar insertion were performed at 
five sites (Fig. 1): 12 mm at the periumbilical and both the 
left and right paraumbilical areas as well as 5 mm at both 
the left and right costal margins. An additional 5 cm mini-
laparotomy was performed according to the surgical meth-
ods based on the surgeon’s preference: epigastric incision 
for anastomosis during the laparoscopic-assisted approach 
and periumbilical or lower quadrant incision for specimen 
delivery during the totally laparoscopic approach (Fig. 1). 
After the bowel anastomosis was completed, 20 mg nefopam 
with 100 mL normal saline was injected intravenously over 
30 min. After skin closure, 50 µg fentanyl was administered 
intravenously as the loading dose of IV-PCA. After rever-
sal of the neuromuscular blockade with 2–4 mg/kg sugam-
madex, the patients were extubated, and transferred to the 
post-anaesthesia care unit (PACU) where they remained for 
at least 30 min.

Postoperative pain management

In the PACU, patients were able to use IV-PCA via an elec-
tronic infusion pump with a bolus dose of 1 mL (fentanyl, 
20 mcg), a lock-out interval of 10 min, and no continuous 
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infusion. If the patient had a numeric rating scale (NRS) 
pain score of ≥ 5, 50 µg of IV fentanyl was used as the first-
line rescue analgesic. If patients had PONV, 30 mg of IV 
ketorolac tromethamine was used as an alternative rescue 
analgesic. Rescue antiemetics were administered upon com-
plaint of moderate to severe PONV, as follows: (1) metoclo-
pramide (10 mg) in the PACU and (2) 0.3 mg ramosetron 
as an initial rescue drug and 10 mg metoclopramide as a 
second rescue drug in the ward. The decision to administer 
the rescue analgesics and antiemetics in the PACU and ward 
was taken by physicians who were blinded to the groups.

Outcome measures

Demographic and intraoperative characteristics were 
recorded, including age, sex, body mass index, ASA physi-
cal status, the Physiological and Operative Severity Score for 
the enUmeration of Mortality and Morbidity, Apfel score, 
history of chronic pain, operation type, surgeon, duration 
of anaesthesia/surgery, and intraoperative remifentanil 
consumption.

The primary outcome was the cumulative fentanyl con-
sumption for the first 24 h after surgery. Fentanyl con-
sumption was defined as the sum of the dose administered 
via PCA and that administered as a rescue analgesic after 
arrival at the PACU. The secondary outcomes were cumu-
lative fentanyl consumption for the first 6, 12, and 48 h 
postoperatively; interval fentanyl consumption between 
time points; pain intensity using an 11-point NRS at rest 
and during coughing at 6, 12, 24, and 48 h postoperatively; 
and occurrence of opioid-related side effects (nausea, vom-
iting, dizziness, somnolence, and respiratory depression) at 
6, 12, 24, and 48 h, postoperatively. We also investigated 
the administration of rescue analgesics other than fentanyl 
and rescue antiemetics, postoperative shoulder pain, and 

complications related to TAPB (abdominal wall haematoma, 
visceral wall injury, and local anaesthetic systemic toxic-
ity). All these outcomes were evaluated by a physician who 
was not involved in this study and was blinded to the group 
assignment. Data, including the time to first flatus (h), the 
occurrence of significant surgical complications according 
to the Clavien–Dindo classification within 7 days postopera-
tively [11], and the length of hospital stay, were extracted 
retrospectively from electronic medical records.

Statistical analysis

The sample size calculation was performed before the study 
with a normal distribution assumption using the G*Power 
software version 3.1.9 (G*Power, Düsseldorf, Germany). It 
was based on our acute pain service team’s database, where 
the mean (standard deviation [SD]) total fentanyl consump-
tion was 800 (450) mcg for the first 24 h postoperatively 
in laparoscopic gastrectomy patients. Considering that the 
subcostal TAPB could only cover somatic/incisional pain 
after the laparoscopic gastrectomy, we hypothesised that 
the subcostal TAPB could reduce the postoperative opioid 
consumption by 30% during the first 24 h postoperatively. 
With the Mann-Whitney U test, a sample size of 45 in each 
group was required to achieve 80% power to detect a 30% 
reduction in total fentanyl consumption for the first 24 h after 
surgery between the two groups, with a two-sided alpha of 
0.05. Considering a 20% dropout rate, we aimed to recruit 
56 patients per group.

The normal distribution of continuous variables was 
determined using the Shapiro–Wilk test. The continuous 
data are reported as medians (interquartile range) and were 
compared between the two groups using the Mann–Whit-
ney U test. Categorical data are described as frequencies 
or percentages and were compared between the two groups 

Fig. 1  Trocar sites (blue) 
and mini-laparotomy sites 
(red, 1: epigastric incision, 
2: supraumbilical incision, 3: 
infraumbilical incision, 4: right 
or left lower quadrant incision) 
of laparoscopic gastrectomy 
(A), and injection sites of 
ultrasound-guided subcostal 
transverse abdominis plane 
block (B)
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using the chi-square test or Fisher’s exact test, according 
to their expected counts. The median differences and 95% 
confidence intervals (CI), between the two groups, were cal-
culated using the Hodges–Lehmann method. In addition, 
since it was difficult to convert the administered dose of 
ketorolac to fentanyl consumption, we performed a subgroup 
analysis on the difference in the cumulative/interval fentanyl 
consumption between the two groups, except for patients 
with postoperative ketorolac use.

Statistical analyses and randomisation were performed 
using R software, version 3.6.1 (R Foundation for Statis-
tical Computing, Vienna, Austria). All the statistical tests 
of hypotheses were two-sided, and P < 0.05 was considered 
statistically significant.

Results

From November 2019 to May 2020, a total of 263 patients 
were assessed for their eligibility and 112 patients were 
randomly allocated to the TAPB or control group (Fig. 2). 
Three patients from each group were excluded because of 
protocol violations. Two patients in the TAPB group were 
excluded as they were enrolled in another study, which was 
identified on the day of surgery. One patient from each group 
was excluded because of postoperative dexmedetomidine 
infusion in the intensive care unit. One patient in the con-
trol group was excluded because of history of abdominal 

surgery, which was identified on the day of surgery, and 
another patient in the control group was excluded because 
of refusal of IV-PCA on the day of surgery. In total, the data 
of 106 patients were included in the final analysis. There 
was no significant difference in the baseline characteristics 
between the two groups (Table 1).

Figure 3 and Supplemental Table S1 show the com-
parisons of the cumulative and interval fentanyl consump-
tions between the two groups. The TAPB group showed 
significantly lower cumulative fentanyl consumption at 6, 
12, and 24 h postoperatively (6 h: median difference -70 
mcg, P = 0.01, 95% CI -120 to -14 mcg; 12 h: median dif-
ference -135 mcg, P = 0.01, 95% CI -225 to -40 mcg; and 
24 h: median difference -170 mcg, P = 0.03, 95% CI -360 
to -15 mcg). The interval fentanyl consumption was signifi-
cantly lower in the TAPB group during the first 6 h (median 
difference -70 mcg, P = 0.01, 95% CI − 120 to -14 mcg) 
and 6–12 h postoperatively (median difference -60 mcg, 
P = 0.02, 95% CI − 120 to 0 mcg). In the subgroup analysis, 
the cumulative fentanyl consumption at 48 h postoperatively 
was also significantly lower in the TAPB group than in the 
control group (P = 0.03, median difference -270 mcg, 95% 
CI − 570 to − 20 mcg) (Supplemental Table S2). Postop-
erative shoulder pain occurred in six patients (11.3%) in the 
TAPB group and in five patients (9.4%) in the control group.

Figure 4 and Supplemental Table S3 show the compari-
sons of the pain scores at rest and during coughing between 
the two groups. The TAPB group showed a significantly 

Fig. 2  Consolidated Stand-
ards of Reporting Trials flow 
diagram. TAPB transversus 
abdominis plane block; ICU 
intensive care unit; IV-PCA 
intravenous patient-controlled 
analgesia
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Table 1  Baseline characteristics of the study participants

The values are presented as the mean ± standard deviation, median (interquartile range) or number (%)
TAPB transversus abdominis plane block, ASA american society of anesthesiologists, POSSUM physiological and operative severity score for the 
enumeration of mortality and morbidity, RLQ right lower quadrant, LLQ left lower quadrant

Characteristics TAPB group (n = 53) Control group (n = 53) P-value

Demographic data
 Age, years 62.5 ± 10.1 58.8 ± 10.4 0.066
 Female 18 (34.0) 17 (32.1) 0.837
 Body mass index, kg/m2 24.6 ± 3.8 24.2 ± 3.4 0.566

Background medical status
 ASA physical status, I/II/III 20 (37.7)/32 (60.4)/1 (1.9) 26 (49.1)/24 (45.3)/3 (5.7) 0.232

Disease severity
 POSSUM physiological score 14 (13–15) 13 (12–15) 0.100
 POSSUM operative severity score 8 (8–10) 8 (8–9)
 Apfel score, 1/2/3/4 17 (32.1)/19 (35.8)/16 (30.2)/1 (1.9) 20 (37.7)/21 (39.6)/12 (22.6)/0 0.590
 Preoperative chronic pain 4 (7.5) 1 (1.9) 0.210

Operation and anesthesia related
 Type of gastrectomy 0.675
  Total gastrectomy 3 (5.7) 6 (11.3)
  Distal gastrectomy 34 (64.2) 29 (54.7)
  Proximal gastrectomy 5 (9.4) 6 (11.3)
  Pylorus preserving gastrectomy 11 (20.8) 12 (22.6)

Site of mini-laparotomy 0.644
 Epigastric incision 13 (24.5) 11 (20.8)
 Other than epigastric incision 40 (75.5) 42 (79.2)
  Periumbilical incision 39 (97.5) 37 (88.1)
  Supraumbilical incision 0 1 (2.4)
  RLQ or LLQ incision 1 (2.5) 4 (9.5)

Surgeon, A/B/C/D 15 (28.3)/17 (32.1)/9 (17.0)/12 (22.6) 14 (26.4)/17 (32.1)/14 (26.4)/8 (15.1) 0.589
Duration of surgery, min 194.2 ± 53.5 188.4 ± 44.8 0.549
Duration of anesthesia, min 230.9 ± 54.9 223.4 ± 45.7 0.447
Intraoperative remifentanil use, mcg 1000 (800–1600) 1000 (700–1400) 0.335

Fig. 3  Comparisons of the 
cumulative (A) and interval (B) 
fentanyl consumptions between 
the two groups. Box plot shows 
median and interquartile range 
of fentanyl consumptions in 
transverse abdominis plane 
block (TAPB) group and control 
group during postoperative 
48 h. Upper and lower whiskers 
are maximum and minimum 
values excluding outliers, 
respectively. Round symbols 
show the outliers. Scatter plot 
(diamond symbols) shows the 
individual data points
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lower pain score at rest only at 48 h postoperatively (median 
difference − 1, P = 0.01, 95% CI − 1 to 0). The TAPB group 
showed a significantly lower pain score during coughing at 
all time points (6 h: median difference − 1, P < 0.01, 95% 
CI − 2 to 0; 12 h: median difference − 1, P = 0.02, 95% CI 
− 2 to 0; 24 h: median difference − 1, P = 0.01, 95% CI − 2 
to 0; and 48 h: median difference − 1, P = 0.01, 95% CI − 2 
to 0). *P < 0.05.

Table 2 shows the comparison of the occurrence of opi-
oid-related side effects, antiemetic use, time to first flatus, 
occurrence of surgical complications, and the length of hos-
pital stay between the two groups. Antiemetic use within 6 h 
postoperatively was significantly lower in the TAPB group 
than in the control group (P = 0.03). There were no com-
plications related directly to subcostal TAPB (abdominal 
wall haematoma, visceral wall injury, or local anaesthetic 
systemic toxicity) in the TAPB group.  *P < 0.05.

Discussion

Our study investigated the analgesic and opioid-sparing 
effects of bilateral subcostal TAPB in gastric cancer patients 
undergoing laparoscopic gastrectomy during the first 48 h 
postoperatively. Bilateral subcostal TABP significantly 
reduced postoperative fentanyl consumption during the first 
24 h in these patients. It significantly reduced postopera-
tive pain intensity, especially during coughing. Although 
bilateral subcostal TAPB did not significantly decrease 
the occurrence of opioid-related side effects, it decreased 
the antiemetic requirement within 6 h postoperatively. Our 
results provide valuable information regarding the useful-
ness of subcostal TAPB in laparoscopic gastrectomy for 
gastric cancer.

In the guidelines for ERAS after gastrectomy, subcostal 
TAPB was not highly recommended given the lack of evi-
dence at that time [12]. Thereafter, its effects on open gas-
trectomy were reported (Supplemental Table S4) [13–16]. 
However, postoperative pain after laparoscopic surgery 
accounts for a smaller portion of somatic pain, which can 
be reduced by subcostal TAPB, than that after open surgery. 
Therefore, we considered that it would be difficult to apply 
the previous results from open gastrectomy to laparoscopic 
gastrectomy. Since there was lack of evidence for subcostal 
TAPB in laparoscopic gastric cancer surgery, it might have 
not been widely used in the ERAS protocol of laparoscopic 
gastric cancer surgery [17–19], despite its promising benefits 
in various abdominal surgeries [6]. In recent ERAS studies, 
thoracic epidural analgesia (TEA) was adopted for postop-
erative pain management for laparoscopic gastrectomy [17, 
18]. However, with its relatively common complications, 
such as hypotension and urinary retention, and rare but seri-
ous complications, and the expansion of minimally inva-
sive surgical techniques, the role of TEA in postoperative 
management is now reduced, whereas less invasive regional 
analgesic techniques such as TAPB have increased [20].

Subcostal TAPB demonstrated an opioid-sparing effect 
after laparoscopic gastrectomy during the first 24 h post-
operatively. This effect was noticeable within 12 h post-
operatively, which was an expected result considering the 
half-life of ropivacaine [7]. This opioid-sparing effect of 
TAPB would have led to a significant decrease in antiemetic 
administration, representing moderate-to-severe PONV in 
the early postoperative period. In addition, subcostal TAPB 
significantly reduced pain severity up to 48 h postopera-
tively. The analgesic effect of subcostal TAPB could have 
continued beyond the local anaesthetic’s duration of nerve 
blockade because of its longer-acting anti-inflammatory 
effect [21]. The inflammatory response to surgical stress 

Fig. 4  Comparisons of the pain 
score at rest (A) and coughing 
(B) between the two groups. 
Box plot shows median and 
interquartile range of numeric 
rating scale (NRS) in transverse 
abdominis plane block (TAPB) 
group and control group during 
postoperative 48 h. Upper and 
lower whiskers are maximum 
and minimum values excluding 
outliers, respectively. Round 
symbols show the outliers. 
Scatter plot (diamond symbols) 
shows the individual data points
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could contribute to acute postoperative pain, which has been 
reported to be reduced by subcostal TAPB [14, 22]. Further, 
our finding, in which subcostal TAPB significantly reduced 
pain during coughing rather than at rest, is consistent with 
the findings of a recently published meta-analysis regard-
ing the effect of TAPB in laparoscopic colorectal surgery 
[23]. This may be attributed to the subcostal TAPB effect 
on somatic pain that is exacerbated by coughing or move-
ment. Movement-evoked pain, such as pain during cough-
ing, was significantly associated with postoperative pulmo-
nary function and showed a stronger association with the 
postoperative quality of recovery than with pain at rest [24, 
25]. Therefore, we expect subcostal TAPB to be useful in 
improving postoperative recovery.

In this study, we only used systemic opioid analgesia, 
namely, IV-PCA, in the control group for the following rea-
sons. First, before the study, there was only fentanyl-based 
IV-PCA in our routine postoperative pain protocol for these 
patients. Second, we hypothesised that the co-administration 
of non-opioid analgesics could mask the analgesic effect of 
subcostal TAPB [26, 27]. However, since it is difficult to 

control immediate postoperative pain with systemic opioids 
alone, we administered intravenous nefopam intraoperatively 
in both groups. Since the opioid-sparing effect of intraop-
erative nefopam is usually reported within 6 h after surgery 
[28], the opioid-sparing effect of the subcostal TAPB is also 
expected to be significant under multimodal analgesia. Fur-
ther studies on the effects of subcostal TAPB under multi-
modal analgesia are required.

Our study has several limitations. First, the ultimate 
purpose of postoperative pain management is to improve 
the quality of recovery after surgery. Although we inves-
tigated the postoperative pain intensity and opioid-related 
side effects that could affect the overall quality of recov-
ery, these parameters may not be sufficient to assess the 
multi-dimensional quality of recovery. Second, preopera-
tive dexamethasone was not administered in patients with 
a low risk of PONV, and we administered it at a fixed dose 
without considering the patient’s weight. Preoperative dexa-
methasone has been reported to affect postoperative pain 
and PONV, improving overall postoperative recovery [29]. 
However, since there was no significant difference in the 

Table 2  Comparison of the occurrence of opioid-related side effects, time to first flatus, the occurrence of surgical complications, and the length 
of hospital stay between the subcostal transversus abdominis plane block (TAPB) and control group

The values are presented as the median (interquartile range) or number (%)
a This included two patients with vomiting

TABP group (n = 53) Control group (n = 53) P-value

Nausea or vomiting
   < 6 h 7 (13.2) 15a (28.3) 0.063
  6–12 h 5 (9.4) 7 (13.2) 0.542
  12–24 h 6 (11.3) 13 (24.5) 0.078
  24–48 h 6 (11.3) 11 (21.2) 0.188
Anti-emetics use
   < 6 h 1 (1.9) 8 (15.1) 0.031
  6–12 h 0 0 –
  12–24 h 0 1 (1.9) 0.500
  24–48 h 1 (1.9) 1 (1.9) –
Sedation
  < 6 h 10 (18.9) 9 (17.0) 0.801
  6–12 h 5 (9.4) 4 (7.5) 1.000
  12–24 h 5 (9.4) 6 (11.3) 0.763
  24–48 h 2 (3.8) 5 (9.6) 0.437
Dizziness
   < 6 h 4 (7.5) 3 (5.7) 1.000
  6–12 h 0 3 (5.7) 0.243
  12–24 h 4 (7.5) 5 (9.4) 1.000
  24–48 h 1 (1.9) 3 (5.8) 0.618
Time to first flatus, hours 67 (45–85) 67 (58–78) 0.764
Postoperative complications, Clavien–Dindo clas-

sification I/II/IIIa/IIIb/IVa/IVb
6 (11.5)/3 (5.8)/0/0/0/0 6 (11.5)/2 (3.8)/1 (1.9)/0/1 (1.9)/0 0.697

Length of hospital stay, days 8 (7–9) 8 (8–9) 0.570
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proportion of dexamethasone use or patient weight between 
the two groups, its effect on the primary outcome may be 
insignificant. Third, we similarly conducted subcostal TAPB 
for all TAPB group patients; however, the effect may vary 
depending on the mini-laparotomy site. Nonetheless, we 
performed stratified randomisation according to the mini-
laparotomy site to minimise its confounding effect.

In conclusion, ultrasound-guided bilateral subcostal 
TAPB provides efficient postoperative analgesia with an 
opioid-sparing effect in gastric cancer patients undergoing 
laparoscopic gastrectomy. Subcostal TAPB is a safe analge-
sic method, without serious complications, and is a useful 
option for multimodal analgesia in these patients.

Supplementary Information The online version contains supplemen-
tary material available at (https ://doi.org/10.1007/s0046 4-021-08370 
-9) .
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