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ABSTRACT

Introduction: Pain is a common postoperative
complication. The ideal postoperative analgesia
is awake, safe, mobile, and without side effects.
The objective of this study is to provide new
ideas for postoperative analgesia by observing
the safety and analgesic effect of different
analgesic methods in patients undergoing
laparotomy after surgery.
Methods: Patients, who underwent laparotomy
between September 2019 and December 2020,
were randomly divided into three groups:

group S received sufentanil, group N received
nalbuphine, group T ? N received postopera-
tive bilateral transversus abdominis plane block
(TAPB) and nalbuphine. The primary outcomes
included visual analog scale (VAS) score and the
use of postoperative analgesic pump. Secondary
outcomes included quality of life recovery
(QoR-15) scale score and incidence of postop-
erative adverse reactions.
Results: Compared with group S and N, there
were significant differences in the resting VAS
score within 48 h after surgery, dynamic VAS
score within 12 h after surgery, the first com-
pression time, and cumulative use of patient-
controlled intravenous analgesia (PCIA) drugs
at 24 h in group T ? N (P\0.05). The QoR-15
score within 48 h after surgery in group T ? N
was significantly higher than group N
(P\0.05). The first exhaust time and the inci-
dence of nausea and vomiting in group T ? N
were significantly lower than those in group N
(P\0.05).
Conclusions: Sufentanil PCIA and nalbuphine
PCIA have equivalent analgesic effects, while
TAPB combined with nalbuphine PCIA can
ensure a good analgesic effect, thereby reducing
the incidence of adverse reactions.
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Key Summary Points

Why carry out this study?

Postoperative pain is a common
postoperative complication. Multimodal
analgesia refers to the combination of
different drugs or analgesic methods,
which has nearly reached the ideal
postoperative analgesia.

Transversus abdominis plane block (TAPB)
is an anesthetic technique that can be
used for postoperative analgesia in a
variety of abdominal surgeries.
Nalbuphine has a unique analgesia for
visceral pain and its analgesia effect lasts
for a long time.

We hypothesized that TAPB combined
with nalbuphine patient-controlled
intravenous analgesia (PCIA) could
provide good analgesia for patients
undergoing laparotomy and reduce the
occurrence of adverse reactions.

What was learned from the study?

TAPB combined with nalbuphine PCIA
can effectively relieve postoperative pain
of patients undergoing laparotomy,
reduce the dosage of nalbuphine in a PCIA
pump and the incidence of adverse
reactions and improve patient
satisfaction.

Nalbuphine can replace sufentanil
equivalently using postoperative analgesia
after laparotomy.

TAPB combined with nalbuphine PCIA is a
safe and effective mode of postoperative
analgesia that can be used in patients with
different types of laparotomy.

INTRODUCTION

Comfortable medicine and enhanced recovery
after surgery (ERAS) are becoming a main goal
for doctors [1]. Postoperative analgesia is a vital
part of comfortable medicine. Intense pain after
laparotomy is a common symptom, with sig-
nificantly higher postoperative pain scores than
other surgeries, increasing the perioperative risk
[2–5]. Effective postoperative analgesia can
minimize the unpleasant emotional experience
caused by pain, thereby improving patient sat-
isfaction; moreover, it can reduce the occur-
rence of postoperative complications,
accelerating the rehabilitation and recovery of
patients [6].

Patient-controlled epidural analgesia (PCEA)
and patient-controlled intravenous analgesia
(PCIA) are the main analgesic methods after
laparotomy in clinical practice, combined with
oral or intramuscular analgesic drugs. These
analgesic methods could meet the basic anal-
gesic needs of patients, although there are
obvious limitations [7]. Therefore, ‘‘multimodal
analgesia’’ or ‘‘balanced analgesia’’ is thought to
be the most important concept for present
postoperative pain [8]. Multimodal analgesia
(MMA) is a relatively new analgesic mode
combining different kinds of analgesic drugs or
analgesic methods, to reduce the central and
peripheral pain sensitivity of patients through
multi-target action [9]. MMA could reduce the
dosage of certain analgesic drugs and related
adverse reactions under the premise of ensuring
satisfactory analgesic effect, which is a better
analgesic mode recommended by ERAS at pre-
sent [10].

In the 2016 US Clinical Guidelines for Post-
operative Pain Management, opioids are con-
sidered an important component of
postoperative MMA (strong recommendation,
medium quality) [11]. Sufentanil is widely used
in clinical practice, because it not only has a
strong analgesic effect but also limited accu-
mulation in the body [12]. However, increasing
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the dosage of sufentanil could increase adverse
reactions, such as excessive sedation, respiratory
depression, nausea, and vomiting. Nalbuphine
hydrochloride (referred to as ‘‘nalbuphine’’) is a
centrally acting opioid, which can activate
j receptors to produce central analgesic and
sedative effects; it also partially antagonizes
l receptors, thereby reducing the side effects
associated with activating l receptors, such as
respiratory depression, nausea and vomiting,
and skin itching [13]. Several studies have
shown that nalbuphine has the advantages of
good analgesic effect, rapid onset, long duration
of action, and less incidence of adverse reac-
tions [14]. Both nalbuphine and equivalent
doses of sufentanil can provide good intraop-
erative and postoperative analgesia [15]. It is
worth noting that nalbuphine is significantly
more effective than sufentanil in inhibiting
visceral pain [16].

Transversus abdominis plane block (TAPB)
is an anesthetic technique that can provide
analgesia in the anterior and external abdom-
inal wall [17–19] that is widely used for post-
operative analgesia in various abdominal
surgeries [20]. In recent years, with the intro-
duction of ultrasound, the success rate of TAPB
has greatly improved. TAPB is mainly aimed at
somatic-related pain. Nevertheless, visceral
pain resulting from laparotomy remains an
important cause of postoperative pain as well;
consequently TAPB is often used in combina-
tion with other analgesic methods in clinical
practice [21].

Sufentanil PCIA was used as a positive con-
trol group in this study to evaluate the safety
and analgesic effect of nalbuphine PCIA alone
and TAPB combined with nalbuphine PCIA in
postoperative analgesia in patients undergoing
laparotomy, in order to provide new ideas for
postoperative analgesia of patients undergoing
laparotomy in clinical practice.

METHODS

Study Participants

Ethical approval for this study was granted by
the Medical Research Ethics Committee of Xia-
nyang Hospital of Yan’an University, Shaanxi
province, China, on August 28, 2019 (YDXY-
KY-2019-004). The clinical research was con-
ducted in accordance with the Declaration of
Helsinki, and all patients signed the written
informed consent form. We recruited 197
patients to participate in this prospective, ran-
domized, clinical trial, who underwent laparo-
tomy (mainly including cholecystectomy or
cholangioenterostomy, partial gastrectomy,
hemicolectomy, pancreaticoduodenectomy,
and hysterectomy) between September 2019
and December 2020 without any robot-assisted
and minimally invasive procedures. Finally, 180
patients completed the study. Inclusion criteria
were the following: patients with ASA I–II
scheduled for laparotomy under total intra-
venous general anesthesia; patients with clear
consciousness, normal communication ability,
voluntary acceptance of PCIA after surgery, and
correct use of PCIA through learning; platelet
and coagulation profile normal; no skin damage
and infection at the TABP puncture site;
patients who did not participate in other clini-
cal trials within 3 months before the start of the
study; patients and their families signed
informed consent. Exclusion criteria were the
following: use of narcotic analgesics within 48 h
preoperative or history of opioid dependence;
serious postoperative status leading to unsta-
ble vital signs and even death; history of allergy
to anesthetic; pregnant and lactating women;
cognitive dysfunction, or severe neuropsychi-
atric disorders, or inability to understand the
scoring criteria and communication disorders
with the physician.

Randomization and Blinding

The patients were randomly divided into three
groups according to different postoperative
analgesia methods (n = 60 each) by using a
computer-generated random number list:
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patient-controlled intravenous analgesia with
sufentanil alone (group S), patient-controlled
intravenous analgesia with nalbuphine alone
(group N), and ultrasound-guided transversus
abdominis plane block combined with patient-
controlled intravenous analgesia with nal-
buphine (group T ? N). Group S was used as a
positive control. Postoperative follow-up of the
patients was performed by an assistant
researcher who was not involved in any previ-
ous process.

Intervention Protocols

Prior to surgery, all participants were given an
information leaflet on the visual analog scale
(VAS), quality of life recovery scale (QoR-15),
and PCIA, which included scoring rules on the
VAS and QoR-15 and the method of using the
PCIA pump. No information related to the
intervention was given to participants other
than what was included in the manual.

All patients were anesthetized by intra-
venous general anesthesia, and anesthesia
induction was performed using propofol
1.5–2 mg/kg, sufentanil 0.4–0.6 lg/kg, cisa-
tracurium 0.2 mg/kg, midazolam 0.05 mg/kg.
After the consciousness of patients disappeared,
mechanical ventilation with endotracheal
intubation was performed to maintain the end-
tidal carbon dioxide concentration (EtCO2) at
35–45 mmHg. Standard monitoring was estab-
lished before anesthesia induction, including
electrocardiogram, noninvasive blood pressure
(NBP) (necessary invasive blood pressure), pulse
saturation, and bispectral index (BIS) to moni-
tor the depth of anesthesia. During intraopera-
tive maintenance of anesthesia, continuous
infusion of propofol 4–10 mg/(kg�h), remifen-
tanil 0.05–0.2 lg/(kg�h), intermittent additional
cisatracurium as needed to maintain muscle
relaxation. Dosage of propofol and remifentanil
was adjusted according to hemodynamic chan-
ges and BIS value, which was maintained
between 40 and 60. When hypotension (mean
arterial pressure\ 60 mmHg) or bradycardia
(heart rate\ 45 beats/min) exceeded 5 min,
6 mg ephedrine or 0.5 mg atropine was admin-
istered after intraoperative fluid resuscitation.

After surgery, every patient received a PCIA
pump. The background dose of the analgesic
pump was 2 mL/h, the bolus dose was 1 mL, and
the lockout time was 10 min. The patients
returned to the surgical ward after extubation.

Group S was given sufentanil 2 mg/kg in a
PCIA pump. Group N was given nalbuphine
2 mg/kg in a PCIA pump. Group T ? N received
TAPB block ? nalbuphine 1.4 mg/kg in a PCIA
pump after the operation, in which 20 ml 0.4%
ropivacaine hydrochloride was used for TAPB
block. In the three groups, 10 mg tropisetron
was added to the analgesic pump and diluted to
100 ml with 0.9% sodium chloride injection.

In order to reduce the errors caused by the
selection of operators and approaches, the
implementation of TAPB in group N ? T was
performed by the same skilled anesthetist using
the same approach under the guidance of visual
ultrasound. The operation method of TAPB
block was as follows: the supine position was
taken immediately after the end of laparotomy.
After skin disinfection, an ultrasound linear
probe and 0.9 mm 9 80 mm 22G sterile punc-
ture needle were used. The probe was moved
perpendicular to the level of anterior axillary
line between the iliac crest and costal arch to
find a satisfactory image. The skin, subcuta-
neous fat, external oblique muscle, internal
oblique muscle, transverse abdominal muscle,
and abdominal cavity could be displayed under
ultrasound. The needle was inserted along the
direction parallel to the long axis of the ultra-
sound probe, and the puncture needle was
inserted into a vectorial plane about 3–4 cm
medial to the ultrasound probe guiding the
needle tip to the neuro-fascial plane between
the internal oblique and transverse abdominal
muscles. After the correct position of the needle
tip and without blood and gas was determined,
1 ml normal saline was injected to open the
plane between the two muscles, followed by
20 ml 0.4% ropivacaine hydrochloride injec-
tion, blocked the other side in the same way,
and no catheter was placed, which was a one-
time injection (the choice of this dosage was
determined by the relevant guidelines in China
and literature and that has also been proved to
be feasible in preliminary experiments).
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Outcome Measurements

The primary outcomes included VAS score, the
first compression time of the PCIA pump, and
the cumulative use of PCIA drugs at 24 h after
the operation. The VAS scores of the three
groups were recorded 2, 6, 12, 24, and 48 h after
surgery. The resting VAS score measured the
intensity of pain at rest (when the patient is
placed in a comfortable position, lying still or
sitting still). The dynamic VAS score measured
the pain intensity during postoperative func-
tional exercises (limb elevation exercises,
ambulation with weight bearing, etc.).

Secondary outcomes included quality of life
recovery (QoR-15) scale score and incidence of
postoperative adverse reactions. The QoR-15
scores were recorded 24 h before surgery and
24 h and 48 h after surgery. The QoR-15 scale is
divided into A and B volumes, with a total of 15
items, each of which is 0–10 points. The sum is
the final evaluation criteria, and the score is the
patient’s quality of life recovery. Simultane-
ously, the first exhaust time and postoperative
adverse reactions, such as nausea and vomiting,
skin itching, dizziness, respiratory depression,
or puncture site hematoma, were recorded in
the three groups. The first exhaust time was
defined as the time of the first flatus. Additional
secondary outcomes including mean arterial
pressure (MAP), heart rate (HR), and pulse oxy-
gen saturation (SpO2) to evaluate the safety of
the analgesic method in each group, which
were recorded at 2, 6, 12, 24, and 48 h after the
operation.

Statistical Analysis

Before the start of this study, we conducted a
preliminary in which 15 patients were selected
in each group. The VAS scores of groups S, N,
and T ? N at 24 h after surgery were
1.50 ± 0.33, 1.56 ± 0.30, and 1.44 ± 0.35,
respectively. Using an sample size calculation
online tool (https://www.cnstat.org/samplesize/
), we decided to recruit 60 patients to each
group, allowing for a 20% dropout rate.

All data were processed using Statistical
Package for Social Sciences (SPSS) software,

version 26.0 (IBM SPSS, Armonk, NY, USA).
Continuous data were expressed as mean ± s-
tandard deviation, followed by test of normal-
ity. If the variance was homogeneous, t test and
analysis of variance (ANOVA) test were used;
non-parametric test and Welch’s ANOVA test
were used to determine the heterogeneity of
variance. Enumeration data were expressed as
frequency, and chi-square test and multiple
independent sample non-parametric tests were
used for comparison.

RESULTS

Comparison of General Data Among Three
Groups

We enrolled and assessed a total of 197 patients
for eligibility from September 2019 to December
2020, and excluded 17 patients, of whom nine
did not meet inclusion criteria, five declined to
participate, and three withdrew for other rea-
sons. Finally, 180 patients were randomly
assigned to three groups of 60 patients each
(Fig. 1). Basic characteristics of the patients are
listed in Table 1. There was no significant dif-
ference in age, gender, BMI (body mass index),
type of operation, hypertension, diabetes, pre-
operative TP, preoperative TG, preoperative
MAP, HR, and SpO2 among the three groups
(P[0.05). There were significant differences in
ALB and ALT among the three groups
(P\0.05), which may be caused by different
types of surgery. We therefore consider that
there was no clinical significance in the statis-
tical differences.

Safety Evaluation

There were significant differences in MAP, HR,
and SpO2 within 6 h after surgery (P\0.05).
MAP and HR at 2 h and 6 h after the operation
in group T ? N were significantly lower than
those in group S and group N, and SpO2 at 2 h
after the operation was significantly higher than
that in group S and group N (P\0.001). How-
ever, there was no significant difference in MAP
and HR at 12, 24, and 48 h after the operation
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and SpO2 at 6, 12, 24, and 48 h after the oper-
ation among the three groups (P[ 0.05)
(Table 2).

Primary Outcome: Evaluation
of Postoperative Analgesic Effect

We first compared group S and group N and
found that there was no significant difference in
the resting and dynamic VAS score, the first
compression time, and the cumulative use of
PCIA drugs at 24 h between the two groups
(P[0.05). After that, compared with group N,
there were significant differences in the resting
VAS score within 48 h after surgery, dynamic
VAS score within 12 h after surgery in
group T ? N (P\0.05), but there was no sig-
nificant difference in dynamic VAS score at 24 h
and 48 h after surgery (P[0.05). Among them,
the resting VAS score at 2, 6, 12, and 48 h after
surgery and the dynamic VAS score at 2 and 6 h
after surgery in the T ? N group were signifi-
cantly lower than those in the N group
(P\0.001) (Fig. 2). In addition, the first com-
pression time of group N ? T was significantly

later than that of group N, while the cumulative
use of PCIA drugs at 24 h was also significantly
less than that of group N (P\0.05) (Fig. 3).
Meanwhile, we also compared the VAS scores of
patients with different types of laparotomy and
found that there were no significant differences
in the resting and dynamic VAS scores of
cholecystectomy or cholangioenterostomy,
partial gastrectomy, hemicolectomy, pancreati-
coduodenectomy, and hysterectomy at 2, 12,
and 24 h after surgery (P[0.05) (Fig. 4).

Secondary Outcomes: Recovery Status
and Incidence of Postoperative Adverse
Reactions

In the same way, we first compared the QoR-15
score, the postoperative initial exhaust time,
and the incidence rate of adverse reactions in
group S and group N, and found that the dif-
ference was not statistically significant
(P[0.05). Compared with group N, there were
significant differences in the QoR-15 score at
24 h and 48 h after surgery in group T ? N
(P\0.05) (Fig. 5). The first exhaust time and

Fig. 1 CONSORT diagram of patient flow
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the incidence of nausea and vomiting in
group T ? N were significantly lower than those
in group N, and the differences were statistically
significant (P\0.05), while the incidences of
skin itching, dizziness, respiratory depression,
and puncture site hematoma were not signifi-
cantly different (P[0.05) (Tables 3, 4).

DISCUSSION

Pain is an inevitable complication after surgery,
which will bring great suffering to patients,
cause changes in endocrine and metabolic
functions of patients, delay postoperative

recovery, and increase medical costs [14].
Therefore, how to relieve postoperative pain has
always been a hot issue for anesthetists [22].
Among the previous analgesic methods, PCEA
and PCIA are two main forms [23]. PCEA has a
definite analgesic effect, but patients can expe-
rience some adverse events such as lower limb
numbness, weakness, and urinary retention. In
addition, a change in patient position may
cause the posterior catheter patch to fall off the
catheter, increasing the risk of puncture site
infection [24]. PCIA is more widely used in
clinical practice owing to its relatively simple
postoperative care and low risk of infection.

Table 1 Basic characteristics of patients

Group S Group N Group T 1 N P

Gender (male/female) 40/20 42/18 42/18 0.902

Age (year) 45.78 ± 17.13 44.52 ± 17.71 46.28 ± 13.18 0.827

BMI (kg/m2) 26.67 ± 3.23 27.37 ± 3.44 27.85 ± 3.01 0.135

Surgery type 0.994

Cholecystectomy or cholangioenterostomy 28 (45.00%) 27 (45.00) 25 (41.67)

Partial gastrectomy 3 (6.67%) 4 (6.67) 4 (6.67)

Hemicolectomy 8 (16.67%) 10 (16.67) 11 (18.33)

Pancreaticoduodenectomy 2 (5.00%) 3 (5.00) 2 (3.33)

Hysterectomy 19 (26.67%) 16 (26.67) 18 (30.00)

Preoperative hypertension 2 (5%) 3 (5) 3 (5) 0.877

Preoperative diabetes 1 (3.33%) 2 (3.33) 2 (3.33) 0.814

Preoperative ALB (g/l) 39.67 ± 3.55 39.79 ± 3.68 38.31 ± 3.29 \ 0.05

Preoperative ALT (l/l) 35.89 ± 4.65 34.73 ± 3.45 33.20 ± 5.36 \ 0.05

Preoperative TP (g/l) 67.88 ± 5.13 68.36 ± 5.34 68.35 ± 6.04 0.862

Preoperative TG (mmol/l) 1.03 ± 0.26 0.97 ± 0.19 1.04 ± 0.30 0.267

MAP (mmHg) 88.34 ± 5.65 87.95 ± 5.26 88.38 ± 6.32 0.903

HR (times/min) 72.24 ± 8.21 72.17 ± 9.48 72.61 ± 10.42 0.963

SpO2 (%) 98.78 ± 1.25 98.97 ± 1.41 98.94 ± 1.15 0.681

Data are presented as mean ± SD and number (percentage)
BMI body mass index, ALB albumin, ALT alanine aminotransferase, TP total protein, TG triglyceride, MAP mean arterial
pressure, HR heart rate, SpO2 pulse oxygen saturation
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Table 2 Comparison of MAP, HR, and SpO2 among the three groups at different time points

Observational period Group S Group N Group T 1 N P

MAP Postoperative 2 h 84.67 ± 5.03 85.63 ± 4.55 80.57 ± 4.30 \ 0.001

Postoperative 6 h 86.42 ± 4.21 87.37 ± 4.14 81.67 ± 5.36 \ 0.001

Postoperative 12 h 87.64 ± 6.03 88.78 ± 4.98 89.40 ± 5.32 0.204

Postoperative 24 h 88.54 ± 4.35 89.52 ± 4.61 88.78 ± 4.32 0.452

Postoperative 48 h 87.34 ± 3.65 86.95 ± 5.23 87.28 ± 2.32 0.842

HR Postoperative 2 h 78.39 ± 5.36 78.58 ± 4.48 72.72 ± 4.06 \ 0.001

Postoperative 6 h 75.97 ± 4.02 76.54 ± 3.95 72.58 ± 4.26 \ 0.001

Postoperative 12 h 77.34 ± 5.31 76.40 ± 4.53 77.82 ± 4.24 0.247

Postoperative 24 h 78.31 ± 6.32 78.72 ± 4.28 78.60 ± 4.63 0.905

Postoperative 48 h 79.21 ± 5.35 79.43 ± 5.67 79.54 ± 6.01 0.949

SpO2 Postoperative 2 h 97.35 ± 1.15 97.57 ± 1.04 98.49 ± 0.73 \ 0.001

Postoperative 6 h 97.23 ± 2.12 97.53 ± 2.22 97.83 ± 1.12 0.233

Postoperative 12 h 98.23 ± 0.35 98.34 ± 0.82 98.45 ± 0.75 0.204

Postoperative 24 h 98.43 ± 0.54 98.36 ± 0.73 98.41 ± 0.69 0.834

Postoperative 48 h 98.54 ± 0.51 98.47 ± 0.69 98.71 ± 0.76 0.127

Data are presented as mean ± SD
MAP mean arterial pressure, HR heart rate, SpO2 pulse oxygen saturation

Fig. 2 Comparison of VAS score at different time points.
Mean VAS score for pain intensity at different times
postoperatively. Data are presented as mean and SD;
whiskers represent SD. a Compared with group S and N,
the resting VAS of group T ? N was significantly lower

(P\ 0.05) at 2, 6, 12, 24, and 48 h postoperatively. b
Compared with group S and N, the dynamic VAS of
group T ? N was significantly lower (P\ 0.05) at 2, 6,
and 12 h postoperatively
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Despite PCIA having an acceptable analgesic
effect on resting pain, it is not effective for
wound pain caused by abdominal wall tension
traction during postoperative turning, patting
the back, and coughing [25]. Currently, sufen-
tanil is the preferred analgesic drug for PCIA
after laparotomy, but with the increase of
sufentanil concentration in the PCIA pump, the
adverse reactions would increase. This study is

mainly dedicated to the study of postoperative
pain treatment in patients undergoing laparo-
tomy in an effort to find a superior method of
analgesia.

MMA is an analgesic concept, which is
mainly a method to exert combined analgesic
effect through multi-target action using differ-
ent kinds of analgesic drugs [26]. Pain after
laparotomy mainly includes visceral pain and

Fig. 3 Comparison of use of PCIA pump between
group N and group T ? N. Data are presented as mean
and SD. a Compared with group S and N, the first
compression time of group T ? N was significantly later

(P\ 0.05). b Compared with group S and N, the
cumulative use of drugs at 24 h of group T ? N was
significantly lower (P\ 0.05)

Fig. 4 Comparison of VAS scores of different types of
surgery at different time points. Mean VAS score for pain
intensity at different times postoperatively. Data are
presented as mean and SD; whiskers represent SD. 1
cholecystectomy or cholangioenterostomy; 2 partial gas-
trectomy; 3 hemicolectomy; 4 pancreaticoduodenectomy;

5 hysterectomy. There was no significant difference
(P[ 0.05) in a resting VAS scores or b dynamic VAS
scores among cholecystectomy or cholangioenterostomy,
partial gastrectomy, hemicolectomy, pancreaticoduodenec-
tomy, and hysterectomy at 2 h, 12 h, and 24 h
postoperatively
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somatic pain. According to the mechanism of
postoperative pain, satisfactory analgesic effect
can only be achieved by combining two or more
drugs and methods, which is the primary reason
that MMA has become the analgesic mode rec-
ommended by ERAS. Regional nerve block
technique is one of the important components

of MMA, with definite analgesic effect, but little
effect on respiration, circulation, postoperative
movement of patients, and functional exercise
[27]. TAPB is a regional block anesthesia tech-
nique that can effectively reduce abdominal
incision pain [28, 29]. Studies showed that TAPB
combined with an opioid-sparing analgesia in
the setting of laparoscopic colorectal surgery is
feasible and effective in postoperative analgesia
[30, 31]. TAPB is mainly for somatic pain,
whereas pain after laparotomy is complex.
Compared with equivalent doses of sufentanil,
nalbuphine provides good analgesic effect, the
incidence of adverse reactions is lower
[15, 32, 33], and it has a good visceral analgesic
effect [34]. Therefore, our study explored a bet-
ter postoperative analgesic mode by comparing
the analgesic effect, safety, and reliability of
sufentanil PCIA, nalbuphine PCIA, and TAPB
combined with nalbuphine intravenous PCIA.

This study found that the MAP, HR, and
SpO2 of group S, group N and group T ? N at
five different time points (2, 6, 12, 24, and 48 h)
after surgery were within the clinically normal
range, indicating that the three analgesic
methods can be safely used for postoperative
analgesia. MAP and HR in the T ? N group were
significantly lower than in the group S and N at

Fig. 5 Comparison of QoR-15 score. Mean QoR score for
quality of recovery in patients at different times postop-
eratively. Data are presented as mean and SD. Compared
with group S and N, the QoR score of group T ? N was
significantly higher (P\ 0.05) at 24 h and 48 h
postoperatively

Table 3 Comparison of postoperative adverse reaction
between group S and group N

Group S Group N P

First exhaust time (h) 6.01 ± 0.49 5.90 ± 0.50 0.226

Nausea and vomiting 9 (15.00) 8 (13.33) 0.793

Skin itching 3 (5.00) 2 (3.33) 1

Dizziness 1 (1.67) 0 1

Respiratory

depression

3(5.00) 2 (3.33) 1

Puncture site

hematoma

0 0 1

Data are presented as mean ± SD and number
(percentage)

Table 4 Comparison of postoperative adverse reaction
between group N and group T ? N

Group N Group T 1 N P

First exhaust

time (h)

5.90 ± 0.50 4.35 ± 0.42 \ 0.001

Nausea and

vomiting

8 (13.33) 1 (1.67) \ 0.05

Skin itching 2 (3.33) 0 0.496

Dizziness 0 0 1

Respiratory

depression

2 (3.33) 1 (1.67) 0.560

Puncture site

hematoma

0 0 1

Data are presented as mean ± SD and number
(percentage)
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2 and 6 h after surgery, suggesting that the
onset of action of TAPB peaked at this time and
minimized the stimulation of surgical pain. It
also indicated that multimodal analgesia with
TAPB combined with nalbuphine PCIA was
more beneficial to maintain hemodynamic sta-
bility than sufentanil PCIA and nalbuphine
PCIA, which was consistent with the results of
previous studies [35].

The VAS score is a simple and practical
evaluation scale that is commonly used in
clinical practice to evaluate the degree of pain
[36, 37]. At the same time, the time of the first
postoperative PCIA pump compression and the
cumulative use of postoperative PCIA drugs can
also indirectly imply the patient’s postoperative
pain. Therefore, the VAS score and the use of
postoperative analgesic pump were used as the
primary outcome measures in this study. Firstly,
we observed that there was no significant dif-
ference in resting and dynamic VAS score
within 48 h after surgery between group S and
N, and the resting and dynamic VAS scores
within 12 h after surgery in group T ? N were
significantly lower than in group S and N within
48 h after surgery, which suggested that the
analgesic effects of group N and T ? N were
good, and TAPB combined with nalbuphine
PCIA could improve the quality of analgesia
within 48 h after surgery in the resting state and
within 12 h after surgery in the exercise state.
Secondly, we found that the difference of rest-
ing VAS score after 6 h after surgery in
group T ? N was reduced compared with the
other two groups, while the dynamic VAS score
after 12 h after surgery was not significantly
different compared with the other two groups,
which may be related to the decrease of TAPB
drug concentration. Next, considering whether
the degree of pain in different types of surgery
would have an impact on the whole study, we
compared the resting and dynamic VAS scores
at 2 h, 12 h, and 24 h after different laparo-
tomies and found no significant difference.
Meanwhile, other results showed that the first
compression time of group T ? N was signifi-
cantly later and the cumulative use of drugs at
24 h was significantly less than in group S and
N, which again indicated that the analgesic
effect could be significantly improved after

TAPB combined with nalbuphine PCIA, and the
dosage of opioids could also be reduced.

Postoperative recovery is, as a key evaluation
indicator in postoperative analgesia study, a
complex multidimensional concept. The QoR-
15 scale is a postoperative assessment tool pro-
posed, which has a total score of 150 points and
includes several aspects such as psychological
support, emotional state, physical comfort,
independence, and pain [38, 39], which has
been proved to be effective, reliable, clinically
acceptable, and feasible. In this study, the QoR-
15 score of group N ? T was significantly higher
than in group S and N at 24 h and 48 h after
surgery, suggesting that compared with nal-
buphine PCIA and sufentanil PCIA alone, the
mode of TAPB combined with nalbuphine PCIA
can increase patient comfort. In addition, sev-
eral researchers have found that the TAPB block
can not only reduce opioid consumption and
postoperative pain but also improve quality of
recovery in patients undergoing abdominal
surgery [40–43]. The aforementioned studies
were consistent with the results of our study,
which showed that TAPB combined with nal-
buphine PCIA can provide better postoperative
analgesia and quality of recovery for patients.

Acute postoperative pain can cause gas-
trointestinal disorders and slowed gastroin-
testinal motility, and opioids may also cause
flatulence and decreased intestinal motility.
Zafar et al. found that patients who received
TAPB significantly improved postoperative gas-
trointestinal function recovery time and short-
ened anus exhaust time [44]. In our study, the
first exhaust time and the incidence of postop-
erative nausea and vomiting in group N ? T
were significantly less than those in group S and
N. We considered that this may be because
TAPB effectively inhibited sympathetic stimu-
lation, or the dose of opioids in the PCIA pump
was reduced after combined use of TAPB, or
nalbuphine reduced side effects including gas-
trointestinal reactions by antagonizing l recep-
tors. It is worth noting that there were
occasional cases of pruritus, dizziness, and res-
piratory depression in each group, but there was
no statistically significant difference.

This study has the following limitations: this
study is a single-center study and lacks
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multicenter study results; TAPB requires
advanced color Doppler machines and skilled
physicians for operation, which may have some
associated limitations in clinical application;
the VAS score of pain assessment index is sub-
jective, related to the cognitive level and emo-
tional stability of patients. For more in-depth
studies in the future, we should conduct a
multicenter study and find an easy to operate
and more objective postoperative analgesia
scoring tool. In addition, at present, we have no
specific method to differentiate the effects of
TABP combined with nalbuphine on human
somatic pain and visceral pain, but in our fur-
ther study, we intend to build different animal
models of pain to explore the effect of this
analgesic pattern in somatic pain and visceral
pain.

CONCLUSIONS

In the study, we found that sufentanil or nal-
buphine PCIA alone and TAPB combined with
nalbuphine PCIA can safely and effectively
relieve postoperative pain in patients undergo-
ing laparotomy. Sufentanil PCIA and nal-
buphine PCIA have the same analgesic effect,
while TAPB combined with nalbuphine PCIA
can not only ensure a good analgesic effect but
can also reduce the dosage of nalbuphine in the
PCIA pump, reduce the incidence of adverse
reactions, and improve patient satisfaction.
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