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Abstract
Background Laparoscopic gastrectomy is a common procedure for early gastric cancer treatment. Improving postoperative 
pain control enhances patient recovery after surgery. The use of multimodal analgesia can potentially enhance the analge-
sic effect, minimize side effects, and change the postoperative management. The purpose of this study was to evaluate and 
compare the efficacies of the use of patient-controlled intravenous analgesia with regular acetaminophen (PCIA + Ace) and 
patient-controlled thoracic epidural analgesia (PCEA) for postoperative pain control.
Methods We retrospectively collected the data of 226 patients who underwent laparoscopic distal gastrectomy (LDG) with 
delta-shaped anastomosis between 2016 and 2019. After 1:1 propensity-score matching, we compared 83 patients who used 
PCEA alone (PCEA group) with 83 patients who used PCIA + Ace (PCIA + Ace group). Postoperative pain was assessed 
using a numeric rating scale (NRS) with scores ranging from 0 to 10. An NRS score ≥ 4 was considered the threshold for 
additional intravenous rescue medication administration.
Results Although NRS scores at rest were comparable between the PCEA and PCIA + Ace groups, NRS scores of patients 
in the PCIA + Ace group during coughing or movement were significantly better than those of patients in the PCEA group on 
postoperative days  2 and 3. The frequency of additional rescue analgesic use was significantly lower in the PCIA + Ace group 
than in the PCEA group (1.1 vs. 2.7, respectively, p < 0.001). The rate of reduction or interruption of the patient-controlled 
analgesic dose was higher in the PCEA group than in the PCIA + Ace group (74.6% vs. 95.1%, respectively, p = 0.0002), 
mainly due to hypotension occurrence in the PCEA group. Physical recovery time, postoperative complication occurrence, 
and liver enzyme elevation incidence were not significantly different between groups.
Conclusions PCIA + Ace can be safely applied without an increase in complications or deterioration in gastrointestinal func-
tion; moreover, PCIA + Ace use may provide better pain control than PCEA use in patients following LDG.

Keywords Patient-controlled epidural analgesia · Intravenous analgesia · Acetaminophen · Laparoscopic gastrectomy · 
Gastric cancer · Propensity-score matching

Globally, gastric cancer has the sixth highest incidence and 
is the second leading cause of death among all cancers [1]. 
Gastrectomy is a commonly performed procedure for the 
treatment of gastric cancer. The use of improved surgical 
and minimally invasive techniques can reduce the occur-
rence of postoperative complications, thereby contributing 
to survival prognosis [2]. In addition, the enhanced recovery 
after surgery (ERAS) protocol highlights that perioperative 
management also leads to a better survival prognosis [3, 4]. 
Furthermore, pain reduction can enhance early ambulation 
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and gastrointestinal function recovery, which leads to com-
plication improvement, patient satisfaction, shorter hospital 
stays, and reduced healthcare costs [5–8].

The American Society of Anesthesiologists (ASA) Task 
Force on Acute Pain and the ERAS protocol recommend 
the use of thoracic epidural analgesia for perioperative pain 
management in patients undergoing open abdominal surgery 
[7, 9]. The use of patient-controlled thoracic epidural anal-
gesia (PCEA) has been shown to improve postoperative pain 
scores and physical findings more effectively and quickly 
than the use of patient-controlled intravenous analgesia 
(PCIA) alone in patients undergoing open surgery for gastric 
cancer [7, 10–12]. Presently, the use of PCEA is generally 
considered to be superior to that of PCIA alone in terms 
of postoperative pain control and gastrointestinal function 
recovery [13–15]. However, several studies have reported 
that the use of PCIA alone for laparoscopic colon surgery is 
promising, as it induces fewer complications and enhances 
pain control; these findings are different from those obtained 
when using PCEA for open surgery [16]. Furthermore, a 
recent study reported that the use of PCIA alone in combina-
tion with regular acetaminophen　(PCIA + Ace) was supe-
rior to PCEA use in terms of pain control after laparoscopic 
colon surgery [17]. Laparoscopic surgery is advantageous 
in that it induces less pain, faster gastrointestinal function 
recovery, and fewer postoperative complications [5, 18, 19], 
and thus, PCIA + Ace use is proposed as a promising and 
novel emerging tool for pain control after laparoscopic sur-
gery. The use of PCIA alone is effective in pain control and 
gastrointestinal function recovery after laparoscopic gastrec-
tomy; these effects are similar when PCIA alone is used for 
laparoscopic colon surgery, although the advantages of using 
PCIA alone or PCIA + Ace compared to that of using PCEA 
have remained elusive.

The application of recently developed multimodal anal-
gesic methods has changed the course of postoperative 
pain management. That is, a combination of various anal-
gesic methods is expected to enhance the analgesic effect, 
minimize side effects, and reduce the pain score and opioid 
dose [20–22]. Acetaminophen has been commonly used for 
postoperative analgesia, and its safety is guaranteed [23]. In 
addition, the combined use of acetaminophen with PCIA 
has advantages such as postoperative pain score improve-
ment, rescue frequency reduction, gastrointestinal function 
recovery, and reduced postoperative nausea and vomiting 
(PONV) [24–27]. In this study, we performed propensity-
score matching to evaluate and compare the efficacies 
of PCIA + Ace and PCEA on postoperative pain score 
reduction, gastrointestinal function recovery, and postop-
erative complications in patients who underwent radical 
laparoscopic distal gastrectomy (LDG) with delta-shaped 
anastomosis.

Materials and methods

Patient selection and study setting

In this retrospective study conducted in our institution 
between April 2016 and December 2019, we included con-
secutive patients who underwent radical LDG with delta-
shaped anastomosis for gastric cancer [28]. We switched 
trainee surgeons in April 2018 for annual staff reassignment. 
Thus, postoperative analgesic methods were changed from 
epidural to intravenous anesthesia depending on the prefer-
ence of each surgical team. PCEA was preferred between 
April 2016 and April 2018, whereas PCIA + Ace was pre-
ferred between May 2018 and December 2019. We evalu-
ated and compared the efficacy of the use of PCIA + Ace 
versus that of PCEA for postoperative pain control. To 
harmonize the baseline data related to anesthesia use, we 
excluded patients who used both PCEA and PCIA alone, 
PCEA with regular intravenous acetaminophen, and PCIA 
alone, as well as those with missing data. Clinical data such 
as physical and laboratory findings were obtained retrospec-
tively from medical records. We regularly scheduled blood 
tests on postoperative days (PODs) 1, 3, 5, and 7. Postopera-
tive pain scores were measured using a numeric rating scale 
(NRS) with scores ranging from 0 to 10. Wound pain was 
assessed at rest or at the time of maximum pain during the 
day. The moments of maximum wound pain were claimed 
during body movement and/or coughing. An NRS score ≥ 4 
was considered the threshold for additional intravenous res-
cue medication administration. All patients were provided 
informed consent for surgery and anesthesia, and the study 
was approved by our institutional ethics committee (approval 
number 19-226).

Anesthesia/multimodal analgesia protocol

Based on the baseline common analgesic protocol, patients 
were divided into PCEA and PCIA + Ace groups. In PCEA 
patients, the epidural catheter was inserted into the T7-8 
or T8-9 spinal level for anesthesia induction, after which 
general anesthesia was administered. Fentanyl (1.0 mg, 
20 mL), levobupivacaine (200 mg, 200 mL), and normal 
saline (80 mL) were mixed and continuously infused through 
the epidural catheter at a starting rate of 4 mL/h until POD3. 
In PCIA + Ace patients, 1.0 mg fentanyl (20 mL) and normal 
saline (80 mL) were mixed and continuously infused intrave-
nously at a starting rate of 2 mL/h with 15–20 mg/kg regu-
lar intravenous acetaminophen (Acelio bag for intravenous 
injection 1000 mg; TERUMO, Tokyo, Japan) every 6 h until 
POD2. In the postoperative period, patients were allowed 
to administer patient-controlled analgesia (PCA). PCA was 
reduced or discontinued whenever hypotension or PONV 
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occurred. Additionally, for patients with NRS scores ≥ 4 
or requiring rescue analgesia, intravenous acetaminophen 
(15–20 mg/kg) or intravenous flurbiprofen (50 mg/time) 
was used as a rescue analgesic; the choice between the two 
analgesics was made based on the presence of contraindica-
tions such as allergy or renal dysfunction. Moreover, regular 
oral non-steroidal anti-inflammatory drugs (NSAIDs) such 
as celecoxib (400 mg/day), a selective COX-2 inhibitor, or 
oral acetaminophen (1200 mg/day) was added for patients 
with persistent pain.

Operative procedure

According to the 4th and 5th editions of the Japanese Gas-
tric Cancer Treatment guidelines, we performed LDG with 
extended systemic lymphadenectomy (D2) or less exten-
sive lymphadenectomy (< D2) based on the gastric cancer 
clinical stage. Surgical quality was guaranteed by a board-
certified chief trainer who was accredited by the Japan 
Society for Surgical Endoscopy. To standardize the surgi-
cal technique and wound incision, all patients underwent 
delta-shaped reconstruction. We inserted a 12 mm trocar 
through the umbilical pathway, and then arranged two pieces 
of 5 mm trocars and two pieces of 12 mm trocars in the form 
of an inverted trapezoid. After gastrectomy, we extended the 
umbilical incision to approximately 40 mm and to exterior-
ize the gastric specimens. Delta-shaped reconstruction using 
double stapling was performed completely in the peritoneal 
cavity. The abdominal wall fascia at the 12 mm port site and 
the umbilical wound were closed with absorbable sutures.

Statistical analysis

Categorical variables were compared using the chi-squared 
tests. Continuous variables were expressed as mean and 
standard deviation and compared using the Mann–Whitney 
U test. A p value < 0.05 was considered statistically sig-
nificant. To reduce bias related to the non-randomized and 
observational study design, we applied propensity-score-
matching analyses to the PCEA and PCIA + Ace groups. 
Propensity scores were estimated using a logistic regression 
model based on the following preoperative characteristics: 
age, sex, body mass index (kg/m2), ASA stage, clinical stage, 
and lymphadenectomy. Moreover, 1:1 matching was per-
formed between the two groups using a 0.1 caliper width, 
and 83 matched patient pairs were analyzed. Correlation 
between the matched pairs was analyzed using JMP software 
(version 14; SAS Institute, Cary, NC).

Results

Patient characteristics and LDG outcomes 
between groups

This study included 238 patients with clinical stage IA/IB/
IIA gastric cancer who underwent LDG. Figure 1 shows 
the participant flow in this study. There were no significant 
between-group differences in age, sex, ASA physical sta-
tus, clinical tumor stage, or lymphadenectomy. However, 
the anesthesia induction time was significantly shorter in 
the PCIA + Ace group than in the PCEA group (39.4 ± 5.5 
vs. 52.3 ± 7.3, respectively; p < 0.001). The operative time 
was higher in the PCIA + Ace group (234.3 ± 47.6 vs. 
261.2 ± 51.9, respectively; p = 0.0002). There were no sig-
nificant between-group differences in intraoperative findings 
(fluid infusion volume and urinary output) or surgical out-
comes (blood loss and the number of perioperative blood 
transfusions) (Table 1).

Differences in pain‑related factors between groups

Patients in both the PCEA and PCIA + Ace groups under-
went a common method of analgesia at baseline and an 
additional unique method of analgesia whenever the NRS 
pain score was high　(≥ 4) (Table 2). Table 3 shows a com-
parison of pain-related factors between groups after LDG. 
Resting NRS scores from POD1 to POD3 were not signifi-
cantly different between the two groups; however, the NRS 
scores during coughing or movement on POD2 and POD3 
were significantly better in the PCIA + Ace group than in 
the PCEA group (3.7 ± 1.3 vs. 4.6 ± 1.8 and 3.2 ± 1.3 vs. 
4.0 ± 1.8, p = 0.0006 and p = 0.004, respectively). Moreover, 
the number of additional oral medications used at POD2 
was significantly smaller in the PCIA + Ace group than 
in the PCEA group (23 vs. 38, respectively, p = 0.0157); 
further, additional intravenous rescue medication use was 
significantly less frequent in the PCIA + Ace group than in 
the PCEA group (mean numbers: 1.2 vs. 2.7, respectively, 
p < 0.0001).　Nevertheless, patients in both groups needed 
oral medication rescue until POD3.

Difference in PCA‑related complications 
between groups

PONV was observed in both groups, with no significant 
between-group difference in frequency. In the PCEA group, 
20 patients (24.9%) had their PCA dose reduced or inter-
rupted, mainly due to hypotension; however, four patients 
(4.8%) who received PCIA + Ace interrupted PCA due to 
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PONV (2.4% vs 4.8%, p = 0.405). The final rates of initial 
PCA dose continuation were 74.6% and 95.1% in the PCEA 
and PCIA + Ace groups, respectively (p = 0.0002).

Physical and laboratory findings between groups

There was no significant between-group difference in post-
operative recovery in terms of the time to first ambulation 

Fig. 1  Flow diagram of the current study. PCEA patient-controlled thoracic epidural analgesia, PCIA patient-controlled intravenous analgesia

Table 1  Patient characteristics 
and surgical outcomes between 
the PCEA and PCIA + Ace 
groups

Values are expressed as mean ± standard deviation
BMI body mass index, ASA American society of anesthesiologists

PCEA group( n = 83) PCIA + Ace group( n = 83) p value

Age (years) 67.8 ± 9.4 68.0 ± 10.4 0.447
Sex (male/female) 55/28 56/27 0.869
BMI (kg/m2) 23.0 ± 3.0 22.8 ± 3.4 0.749
ASA (1/2/3) 27/54/2 26/54/3 0.896
cStage (IA/IB/IIA) 59/17/7 56/20/7 0.851
Lymphadenectomy (D1, D1 + /D2) 65/18 68/15 0.559
Induction time of anesthesia (min) 52.3 ± 7.3 39.4 ± 5.5  < 0.0001
Operative time (min) 234.3 ± 47.6 261.2 ± 51.9 0.0002
Operator (trainer/trainee) 15/68 12/71 0.528
Fluid infusion (mL) 1819.3 ± 554.7 1751.8 ± 512.2 0.535
Blood loss (mL) 20.0 ± 37.1 14.8 ± 25.9 0.581
Urinary output (mL) 237.0 ± 194.1 220.9 ± 248.5 0.154
Blood transfusion (n) 1 0 0.315
pStage (I/II/III) 67/12/4 54/21/7 0.131
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and gastrointestinal movement recuperation (flatus and defe-
cation) (Table 4). However, body temperatures on POD1 and 
POD2 were significantly lower in the PCIA + Ace group than 
in the PCEA group (37.1 ± 0.4 vs. 37.5 ± 0.5 and 37.0 ± 0.4 
vs. 37.2 ± 0.4, p < 0.0001 and p = 0.002, respectively), 
although there was no significant between-group difference 
in body temperature on POD3. Urethral catheter removal 
was performed significantly earlier in the PCIA + Ace 
group than in the PCEA group (p < 0.0001). Furthermore, 
the white blood cell (WBC) count and C-reactive protein 
(CRP) levels were significantly higher in the PCIA + Ace 

group than in the PCEA group on POD1 (Table 4; p = 0.002 
and p < 0.001, respectively). However, the abovementioned 
parameters became comparable in both groups on POD3 and 
POD5. Alanine aminotransferase (ALT) levels were almost 
equal in both groups, except on POD5 (p = 0.048).

Postoperative complications between groups

Table 5 shows a comparison of postoperative complications 
between the PCEA and PCIA + Ace groups. There were 
no between-group differences in the incidences of early 

Table 2  Unique analgesia between the PCEA and PCIA + Ace groups

PCEA group PCIA + Ace group

Unique method of analgesia Patient-controlled thoracic epidural anesthesia; one 
catheter inserted at T7-9

Continuous patient-controlled intravenous infusion

Contents of analgesia Fentanyl 1.0 mg with levobupivacaine 200 mg, epi-
dural route until POD3

Fentanyl 1.0 mg continuous iv with acetaminophen 
15–20 mg/kg/6 h, iv until POD2

Additional regular oral medica-
tion (when required)

Celecoxib 400 mg/day or acetaminophen 1200 mg/
day until POD7

Celecoxib 400 mg/day or acetaminophen 1200 mg/day 
until POD7

Rescue intravenous medication Flurbiprofen 50 mg iv or Acetaminophen 15–20 mg/
kg iv

Flurbiprofen 50 mg iv

Table 3  Pain-related factors 
in terms of the postoperative 
period between the PCEA and 
PCIA + Ace groups

Values are expressed as mean ± standard deviation, 0 = no pain, 4 = requirement for analgesic drugs, 
10 = the worst pain
POD postoperative day, NRS numeric rating scales, PONV postoperative nausea and vomiting, PCA 
patient-controlled analgesia

PCEA group (n = 83) PCIA + Ace group 
(n = 83)

p value

NRS score at rest
  POD 1 3.0 ± 2.1 2.4 ± 1.5 0.136
  POD 2 2.2 ± 1.6 2.0 ± 1.4 0.449
  POD 3 1.8 ± 1.7 1.4 ± 1.2 0.487

NRS score on coughing or movement
  POD 1 4.9 ± 2.1 4.3 ± 1.7 0.0504
  POD 2 4.6 ± 1.8 3.7 ± 1.3 0.0006
  POD 3 4.0 ± 1.8 3.2 ± 1.3 0.004

Rescue or additional medication
  Oral medication within POD 2 (n) 38 23 0.0157
  Oral medication within POD 3 (n) 47 51 0.52
  Intravenous medication (n) 2.7 ± 2.41 1.1 ± 1.1  < 0.0001

PCA-related complication
PONV

  Nausea or vomiting (n) 16 13 0.539
  Vertigo (n) 1 3 0.311
  Use of metoclopramide (n) 12 12 1

PCA dose reduction or interruption
  Hypotension (n) 20 0  < 0.0001
  PONV (n) 2 4 0.405
  Spontaneous removal (n) 3 0 0.08

Initial PCA dose continuation (n) 62 79 0.0002
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(POD1 to POD3) and late (POD5 to POD7) abnormal liver 
enzyme (ALT and aspartate aminotransferase) elevations, 
based on the Common Terminology Criteria for Adverse 
Events (CTCAE). Both groups had almost equal incidences 
of infection-related postoperative complications such as 
abdominal abscess, anastomotic leakage, and pulmonary 
infection.

Discussion

In this study, we used propensity-score matching to evaluate 
and compare the efficacies of PCIA + Ace and PCEA appli-
cation after LDG on postoperative pain control. Compared 
with PCEA use, PCIA + Ace use was found to reduce the 
NRS score during movement or coughing and decrease the 
number of rescue analgesia medications used without an 
increase in postoperative complications or deterioration in 
gastrointestinal function.

The ASA Task Force on Acute Pain guidelines state 
that it is crucial to control postoperative pain until POD3 

[9]. PCEA assures better pain control, and thus is the most 
common anesthetic method for patients undergoing open 
gastrectomy [10]. However PCEA has disadvantages includ-
ing longer anesthesia induction time and a predisposition 
to complications such as hypotension, urinary retraction, 
hematoma formation, and neuropathy [11, 12]. The smaller 
skin incision performed during laparoscopic gastrectomy 
results in less pain than in open gastrectomy [5]. However, 
few studies have reported better pain control with quick and 
simple administration of fentanyl as PCIA alone than PCEA 
[13, 14]. Our study demonstrated that NRS scores during 
coughing or movement on POD2 and POD3 were signifi-
cantly better in the PCIA + Ace group than in the PCEA 
group (p = 0.0006 and p = 0.004, respectively), although the 
NRS scores at rest from POD1 to POD3 were comparable 
between the two groups.

The mechanisms of action of acetaminophen in fever 
alleviation and analgesia have not been fully elucidated; 
nevertheless, our clinical data demonstrate that acetami-
nophen use alleviated fever. Acetaminophen exerts its anti-
pyretic effect by acting on the hypothalamus temperature 

Table 4  Physical and laboratory 
findings between the PCEA and 
PCIA + Ace groups

Values are presented as mean ± standard deviation
WBC white blood cell, CRP C-reactive protein, ALT alanine aminotransferase

PCEA group (n = 83) PCIA + Ace group 
(n = 83)

p value

Physical findings
  Body temperature (°C)
   POD 1 37.5 ± 0.5 37.1 ± 0.4  < 0.0001
   POD 2 37.2 ± 0.4 37.0 ± 0.4 0.002
   POD 3 36.9 ± 0.3 37.0 ± 0.3 0.49
  First ambulation (day) 1.1 ± 0.3 1.1 ± 0.4 0.27
  Flatus (day) 1.9 ± 0.7 1.9 ± 0.6 0.939
  Defecation (day) 4.6 ± 1.7 4.3 ± 1.4 0.365
  Start of liquid diet (day) 3.1 ± 2.5 2.9 ± 0.5 0.25
  Remove of urinary catheter (day) 3.4 ± 1.5 1.7 ± 0.6  < 0.0001
  Postoperative hospital stay (day) 9.1 ± 4.4 8.6 ± 2.4 0.878

Laboratory findings
  WBC count (×  103/µL)
   POD 1 8.6 ± 2.0 10.0 ± 2.7 0.002
   POD 3 7.5 ± 2.2 8.0 ± 2.4 0.208
   POD 5 6.1 ± 2.2 6.1 ± 1.8 0.657
  CRP level (mg/dL)
   POD 1 3.8 ± 2.0 5.3 ± 2.4  < 0.0001
   POD 3 9.2 ± 5.4 10.4 ± 6.6 0.408
   POD 5 4.9 ± 4.0 4.2 ± 3.8 0.189
  ALT (IU/L)
   POD 1 54.9 ± 63.7 56.4 ± 74.1 0.809
   POD 3 62.1 ± 111.8 47.9 ± 64.7 0.39
   POD 5 39.3 ± 70.4 40.1 ± 32.2 0.048
   POD 7 33.8 ± 37.2 32.0 ± 19.0 0.513
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control center, which triggers pain threshold elevation in 
the thalamus and cerebral cortex [29]. In contrast, fentanyl 
is a μ-opioid receptor agonist which acts on the brainstem, 
medial thalamus, and spinal cord [30]. The trigger points 
of fentanyl and acetaminophen do not overlap. Therefore, 
multimodal analgesia, which combines intravenous aceta-
minophen and fentanyl, is beneficial in terms of its syner-
gistic effects and induces better patient pain control [20, 21]. 
Enhanced pain control is also associated with a decrease 
in the number of rescues, especially using NSAIDs. This 
reduces labor and treatment costs associated with rescue 
medication use. In addition, the frequent use of non-selective 
NSAIDs for rescue has been suggested to increase the inci-
dence of anastomotic leakage and surgical-site bleeding [31, 
32]. This may be related not only to pain control but also to 
a reduction in postoperative complications.

Minimizing perioperative opioid use through multi-
modal analgesia is one of the goals of ERAS. In this study, 
although the total opioid dose remained same in both groups, 
pain control was better with the less invasive PCIA + Ace. 
Particularly in laparoscopic surgery, combining regular 
acetaminophen administration with transverse abdominis 
plane (TAP) block by non-opioid analgesics, such as gabap-
entinoids, ketamine and lidocaine, also has the potential to 
achieve effective pain control, and such new approach is 
expected to further reduce opioid use and opioid associated 
side effects [33–35].

In terms of PCA-related adverse events, hypotension was 
more common in the PCEA group. In the PCEA group, 20 
patients (24.9%) experienced a dose reduction or analgesic 
discontinuation due to hypotension. Although epidural anes-
thesia directly affects the spinal cord to produce an analgesic 
effect, it also triggers peripheral vasodilation, which reduces 
blood pressure. Thus, it may be necessary to change the flow 
rate of the anesthetic or discontinue its use. PCA dose reduc-
tion or discontinuation may cause insufficient pain control, 
and thus may need more frequent rescue attempts. Postoper-
ative hypotension may also increase the risk of falls, thereby 
interfering with early postoperative ambulation, which is 
inconvenient for postoperative management.

Nevertheless, four patients (4.8%) discontinued PCA 
in the PCIA + Ace group due to PONV. Intravenous fenta-
nyl extensively affects the brainstem and spinal cord, and 
hence may accidently induce PONV and paralytic ileus [36]. 
Although it has been reported that acetaminophen reduces 
PONV [24, 25], no clear inhibitory effect of acetaminophen 
on PONV could be confirmed in this study. However, there 
were no obvious differences in the incidence of PONV 
or gastrointestinal function recovery between the groups. 
Decreased NRS scores during movement and early urinary 
catheter removal promote ambulation; hence, these factors 
may be attributed to gastrointestinal function recovery [8].

Postoperative complications, including liver enzyme level 
abnormalities, were comparable in both groups. Thus, espe-
cially for LDG, liver enzyme level elevation until POD3 is 
more likely caused by liver retraction than medication use 
[37]. Moreover, drug-induced liver enzyme level elevation is 
apparent on POD5 to POD7 due to drug dose accumulation 
[38]. In this study, ALT was temporarily slightly elevated in 
the PCIA + Ace group mainly due to regular acetaminophen 
use on POD5 but did not differ significantly from the PCEA 
group, based on CTCAE grade. Acetaminophen can be 
safely used if an adequate dose is prescribed and adminis-
tered for a short period of time (until POD2) [27, 38, 39].

Furthermore, on POD1, inflammation markers such as 
WBC count and CRP levels were significantly lower in the 
PCEA group than in the PCIA + Ace group. Intraoperative 
PCEA administration triggers cortisol level reduction and 
inflammatory marker level suppression, thereby decreas-
ing the intraoperative and immediate postoperative stress 
response [40, 41]. Thus, the PCEA-induced suppression of 
inflammation may have an advantage on the body’s response 
against surgical stress. However, there was no increase in the 
occurrence of systemic complications such as anastomotic 
leakage, intraabdominal abscess, and deep vein thrombosis, 
and therefore there was no increase in hospitalization in our 
clinical setting.

In recent years, the number of patients with vascular 
comorbidities or obesity has increased. It is necessary for 
these patients to pause antiplatelet or anticoagulant oral 

Table 5  Postoperative complications between the PCEA and 
PCIA + Ace groups

CTCAE Common terminology criteria for adverse events, CD Cla-
vien-Dindo classification

PCEA group (n = 83) PCIA + Ace 
group 
(n = 83)

p value

Elevation of liver 
enzyme lev-
els (CTCAE 
grade2/3/4)
  PODs 1 to 3 (n) 7/6/1 5/7/0 0.237
  PODs 5 to 7 (n) 4/0/1 7/0/0 0.355

Abdominal abscess CD2:3, CD3a:1 CD2:2 0.542
Anastomotic leakage CD3a:1 0 0.315
Gastorointestinal 

paralysis
CD2:2 0 0.154

Delayed gastric 
emptying

0 0 NA

Pancreatic fistula 0 0 NA
Surgical site infection CD2:1 0 0.315
Cholecystitis 0 CD3a:1 0.315
Lymphatic leakage 0 CD3a:1 0.315
Pneumonia / atelec-

tasis
CD3a:1, CD2:1 0 0.318
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medications and to resume them after surgery. In addition, 
perioperative deep venous thrombosis can be prevented 
using anticoagulant medications. Under the abovementioned 
circumstances, the risk of epidural approach complications 
associated with epidural catheter insertion and removal 
(such as hematoma formation) is expected to increase in 
patients using PCEA [42–44]. PCIA + Ace is simple and 
easy to administer with fewer complications, and it can 
replace PCEA based on efficacy and safety.

Our study has several limitations. First, we used propen-
sity-score matching to balance patient background character-
istics; however, the two groups were divided in a metachro-
nous fashion in a single center. In effect, the two groups 
underwent a switch in trainee surgeons, which resulted in a 
significant increase in operative time, although intraopera-
tive parameters such as blood loss were comparable between 
the two groups. Second, we focused on the delta reconstruc-
tion for LDG to achieve uniformity in the small umbilical 
incision, surgical technique, and operative time. However, 
under Roux-en-Y reconstruction or laparoscopic total gas-
trectomy, the umbilical incision may be slightly widened 
due to the nature of these techniques. Additional validation 
should be performed in multicenter studies to enhance the 
generalizability of our findings. Finally, we did not examine 
the incidence of PCA rescue use. There was a discrepancy 
between the actual and self-reported numbers of PCA res-
cues, although the total PCA dose was determined for all 
patients, and no patient received additional PCA doses.

In conclusion, we confirmed that PCIA + Ace use may 
provide better pain control compared to PCEA use in 
patients after LDG; moreover, PCIA + Ace can be safely 
administered without increasing the risk of complications 
or gastrointestinal function deterioration.
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