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Abstract: Postoperative pain after abdominal surgery can cause both mental and physical trauma which directly affect the

prognosis of patients. Effective postoperative analgesia can promote the recovery of gastrointestinal function and shorten the

recovery process of patients. Bupivacaine liposomes are a new type of amide local anaesthesia developed in recent years using

liposome technology for clinical application. Single dose injection can produce long-lasting analgesia for 72 hours, which is an

important part of multimodal analgesia. Its application value has been widely validated in postoperative analgesia after total

knee replacement, breast surgery and other surgical procedures. The article reviews the effects of bupivacaine liposomes on

postoperative analgesia after abdominal surgery from the aspects of pharmacological properties, clinical application and

safety.
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Pain is defined as an unpleasant sensory and emotional
experience associated with potential tissue damage. Relevant
reports indicate that over 80% of surgical patients experience
postoperative pain, such as visceral pain and somatic pain.
Among these, visceral pain typically lasts for a shorter
duration with 6-12 hours, while somatic pain often persists for
2-3 days [1-2]. Postoperative pain is classified as acute pain,
and inadequate control may lead to the development of
chronic postoperative pain, significantly impairing patients'
quality of life. Traditional analgesic agents for postoperative
pain management in abdominal surgery patients include
opioids and nonsteroidal anti-inflammatory drugs (NSAIDs).
However, extensive clinical practice in recent years has
revealed limitations of opioids, such as excessive dosage, high
incidence of nausea and vomiting, excessive sedation, and
increased risk of postoperative respiratory depression [3].
NSAIDs like rofecoxib, while exerting anti-inflammatory and
analgesic effects, may cause adverse reactions including
gastric mucosal ulcers, bradycardia, and hypotension [4].
Epidural anesthesia has been reported to provide excellent
analgesic efficacy, significantly reducing mental and physical
burden in abdominal surgery patients. However, its clinical
application is limited due to substantial impacts on
hemodynamics [5]. With advances in understanding the
mechanisms of postoperative pain, it has become evident that
single analgesic agents is hard to achieve optimal efficacy
across all pain types. Multimodal analgesia centered on local
anesthetics is currently the preferred approach for effective
postoperative analgesia in clinical practice [6]. Nevertheless,
existing local anesthetics such as ropivacaine have a half-life
of 162 minutes, with differential motor block and
dose-dependent sensory block. They also exhibit strong

toxicity to the central nervous system and heart, and excessive
ropivacaine entering the bloodstream may induce ventricular
arrthythmias [7-8]. Consequently, the development of novel
long-acting local anesthetics has emerged as a key research
objective. Bupivacaine liposome is a new type of local
anesthetic prepared using liposomal technology. After local
injection, it slowly releases bupivacaine over time. Compared
to an equivalent dose of bupivacaine hydrochloride, it offers
advantages such as longer time to peak concentration and
lower peak plasma concentration, without the side effects
associated with opioids or NSAIDs. It has been widely applied
in multimodal analgesia management [9-10]. This study
reviews the latest research progress on the application of
liposomal bupivacaine in postoperative analgesia for patients
undergoing abdominal surgery.

1 Bupivacaine liposomes

Liposomes are microvesicles that encapsulate active
pharmaceutical ~ ingredients within a lipid bilayer
approximately 4 nm. They possess properties such as
targetability, lymphatic  tropism, sustained release,
histocompatibility, and cell affinity, while also reducing drug
toxicity and improving drug stability [11-12]. Bupivacaine is a
small molecule substance that distributes rapidly after
injection, exhibiting a strong analgesic effect but with a short
duration of action. To prolong the analgesic time of
bupivacaine, liposomes are clinically used to prepare
bupivacaine sustained-release drug delivery systems [13].
Gabrielson et al. [14] prepared bupivacaine liposomes using
the liposome active loading technology by ammonium sulfate
gradient and found that maintaining the pH of the liposome
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external environment at 5-5.5 resulted in the highest
concentration of bupivacaine in the external aqueous phase of
the liposome membrane without altering the ion or compound
gradient in the internal aqueous phase of the liposomes.
Bupivacaine liposomes feature sustained drug release. After
local infiltration, plasma bupivacaine concentrations typically
exhibit a biphasic pattern, with an initial peak occurring 2-4
hours after administration and a second peak appearing 21-36
hours later. Animal studies have shown that 24 hours after a
single subcutaneous injection of bupivacaine liposomes in
mice, the drug concentration at the injection site remains
20%-30% of the initial concentration, and residual drug
concentrations can still be detected at the injection site at 48
hours [15]. Another study comparing the plasma
concentrations of subcutaneous injections of bupivacaine
hydrochloride and bupivacaine liposomes found that the time
for 50% of bupivacaine liposomes to pass through a dialysis
membrane was approximately 28 minutes, significantly longer
than that of bupivacaine hydrochloride (7 minutes). The
maximum plasma concentration of bupivacaine liposomes
(0.12 mg/L) was significantly lower than that of bupivacaine
hydrochloride (0.65 mg/L), and the steady-state plasma
concentration of bupivacaine liposomes (0.1 mg/L) could be
maintained for more than 7 hours, indicating a long analgesic
duration and good safety profile [16]. Bupivacaine liposomes
are prepared by encapsulating bupivacaine in the aqueous
phase of liposomes using liposome technology; their active
ingredient remains bupivacaine. They exert analgesic effects
by blocking nerve impulse conduction through mechanisms
such as stabilizing sodium ion channels on nerve cell
membranes and reducing the firing rate of action potentials
[17-18]. A study comparing the anesthetic effects of 0.4 mL of
5% bupivacaine liposomes and an equal volume of
bupivacaine hydrochloride in a rat sciatic nerve block model
found that the blocking effects of bupivacaine liposomes on
sensory and motor nerves were 2.1 and 1.6 times those of
bupivacaine hydrochloride, respectively, with a significantly
longer anesthesia duration [(284.50+8.30) min] compared to
bupivacaine hydrochloride [(90.50+8.00) min] [19]. Another
multicenter, randomized, double-blind study showed that in
patients undergoing elective hemorrhoidectomy, single local
infiltration of bupivacaine liposomes at the postoperative
incision resulted in a 72-hour cumulative pain score of 141
point and a total additional opioid use of 22.3 mg, both lower
than those with bupivacaine hydrochloride (202 point and
29.1 mg, respectively).

2 The safety of bupivacaine liposomes

The efficacy of bupivacaine liposomes for postoperative
analgesia depends on the concentration of bupivacaine at the
injection site, while safety depends on the plasma
concentration of bupivacaine. An animal experiment
intraperitoneally injected 1.1% bupivacaine liposomes and
bupivacaine hydrochloride of the same concentration into
healthy mice, with median lethal doses (LD50) of 291 mg/kg
and 61 mg/kg, respectively, indicating that bupivacaine
liposomes have higher safety than bupivacaine hydrochloride
[21]. The diameter of bupivacaine liposome multivesicular
particles is only 10-30 um. After local injection, their leakage

rate is low, and they are not easily absorbed and metabolized
by the blood circulatory system or lymphatic system.
Increased local drug concentration can enhance the analgesic
effects, while avoiding high plasma concentration in a short
time, which can improve the safety of the central nervous
system to a certain extent [22-23]. Foreign studies have
injected 20 mL of 2% bupivacaine liposomes and 20 mL of
0.5% bupivacaine hydrochloride into healthy volunteers with
no significant differences in baseline data, and found that even
though the dose of bupivacaine liposomes was 4 times that of
bupivacaine hydrochloride, the peak plasma concentrations in
the two groups were basically consistent, indicating good
safety of bupivacaine liposomes [24]. Another study applied
bupivacaine liposomes to children aged 6-17 years undergoing
cardiac or spinal surgery, and found that when bupivacaine
liposomes were locally injected into the surgical incision at a
dose of 4 mg/kg, the peak plasma concentrations were all
below the plasma toxicity threshold of bupivacaine, and no
serious adverse events occurred after surgery [25].

3 The role of bupivacaine liposomes in
postoperative analgesia for patients undergoing
abdominal surgery

Effective postoperative analgesia management in patients
undergoing abdominal surgery reduces the incidence of
central and peripheral pain sensitization, lowers the risk of
lower extremity venous thrombosis, and promotes patient
recovery [26]. Bupivacaine liposomes can provide sustained
analgesia for 72 hours, and some domestic and international
disease diagnosis and treatment guidelines recommend the
application of bupivacaine liposomes in postoperative
multimodal analgesia for abdominal surgery.

3.1 Postoperative analgesia for major abdominal
surgery

Scholars have found that a single postoperative injection
of bupivacaine liposomes can significantly reduce the total
consumption of opioids within 48 hours after surgery in a
randomized controlled trial on postoperative pain after
laparoscopic hepatectomy, while also lowering patients' rest
and active pain scores and the risk of gastrointestinal reactions
such as nausea and vomiting [27]. Turan et al. [28] conducted
a study in which patients undergoing major abdominal surgery
were randomly assigned at a 1:1 ratio into an epidural
analgesia group and a transversus abdominis plane block with
liposomal bupivacaine group. The results showed that the
postoperative rest pain scores in the transversus abdominis
plane block with liposomal bupivacaine group,were
significantly lower than those in the epidural analgesia group
[estimated difference: 0.09 (95% CI: -0.12-0.30, P < 0.05)],
but there was no significant difference in opioid consumption
between the two groups within 3 days after surgery [estimated
difference: 1.37 (95% CI. 1.05-1.79), P = 0.754]. Thus,
bupivacaine liposomes have a significant advantage in
reducing postoperative pain in patients undergoing major
abdominal surgery. Another study conducted a retrospective
analysis of clinical data from adult patients undergoing major
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lower abdominal surgery under general anesthesia and found
that patients who received postoperative infiltration analgesia
with bupivacaine liposomes had significantly lower
time-weighted pain scores from 0 to 72 hours after surgery
compared with those who received patient-controlled epidural
opioid analgesia [29]. Bupivacaine liposomes mainly exert
analgesic effects through transversus abdominis plane block,
which can reduce the dosage of systemic anesthetic analgesics
such as opioids. Under the premise of using bupivacaine
liposomes for postoperative analgesia, observing the dosage of
opioids can reflect the analgesic effect of bupivacaine
liposomes to a certain extent. A study included patients
undergoing hepatectomy who received transversus abdominis
plane block (with bupivacaine liposomes as the main drug),
with postoperative pain scores as the primary outcome and
total opioid consumption as the secondary outcome. It was
found that compared with patients without transversus
abdominis plane block, those with transversus abdominis
plane block had significantly lower pain scores at 24 hours
after surgery, and the oral morphine dosage was significantly
reduced [30].

3.2 Postoperative analgesia for gynecological surgery

When abdominal surgery is necessary due to the patient's
condition, under the premise of not compromising surgical
efficacy, a small incision can reduce intestinal interference.
However, there remains a high risk of postoperative pain.
Studies have confirmed that for patients undergoing
laparoscopic hysterectomy, the application of bupivacaine
liposome for transversus abdominis plane block under
ultrasound guidance at the end of surgery can effectively
reduce postoperative pain scores and decrease the
consumption of opioid analgesics [31]. In addition to pain
directly induced by the small incision, gynecological
laparoscopic surgery may also cause postoperative abdominal
distension and bilateral costal pain due to acute peritoneal
distension caused by CO:. pneumoperitoneum, as well as small
peritoneal vessel tearing and carbonic acid stimulation on the
peritoneal surface [32]. A study injected a mixture of 5 mL
bupivacaine liposome, 1:200,000 epinephrine, and 5 mL
normal saline sequentially into the transversus abdominis
plane preoperatively in patients undergoing robot-assisted
laparoscopic hysterectomy. Compared with the control group
(5 mL bupivacaine hydrochloride + 1:200,000 epinephrine + 5
mL normal saline), the bupivacaine liposome group
significantly reduced postoperative pain scores and shortened
the length of hospital stay [33]. Results from a randomized
double-blind placebo-controlled trial showed that the pain
scores in the intervention group (postoperative local injection
of bupivacaine liposome) at 12 h, 24 h, and 48 h
postoperatively (3 points, 3.5 points, and 2.75 points,
respectively) were all lower than those in the control group
(postoperative local injection of bupivacaine hydrochloride)
(3.5 points, 5 points, and 4 points, respectively). Additionally,
the rate of additional opioid administration in the intervention
group from 24 to 48 h postoperatively was also lower than that
in the control group [34].

3.3 Postoperative analgesia for gastrointestinal surgery

In a prospective randomized controlled trial comparing
bupivacaine liposome with standard bupivacaine alone in
colorectal cancer resection, the observation group received a
block with 40 mL of 0.125% standard bupivacaine + 20 mL
of bupivacaine liposome postoperatively, while the control
group received a block with 60 mL of 0.125% standard
bupivacaine. The results showed that the 48-hour
postoperative pain score in the observation group was
significantly lower than that in the control group, with less
opioid consumption. However, there was no significant
difference in the incidence of adverse drug reactions between
the two groups. This indicates that bupivacaine liposome has a
good postoperative analgesic effect and good safety [35].

Other studies evaluated the application value of
bupivacaine liposome in postoperative analgesia for colorectal
cancer based on postoperative pain scores and the incidence of
intestinal obstruction. They found that in the adjusted time
trend analysis, postoperative analgesia with bupivacaine
liposome significantly reduced postoperative pain scores,
reduced the risk of postoperative intestinal obstruction to a
certain extent, and shortened the length of hospital stay.
Clinically, bupivacaine liposome may be considered for
inclusion in the standard transversus abdominis plane block
protocol [36]. A study included 179 patients undergoing
laparoscopic Roux-en-Y gastric bypass surgery, of whom 89
received postoperative injection of bupivacaine liposome and
90 received an equal volume of bupivacaine. The results
showed that the proportion of patients taking analgesics in the
bupivacaine liposome group on postoperative days 2—4 was
significantly lower than that in the bupivacaine group, and the
pain scores from O to 72 hours postoperatively were
significantly lower in the bupivacaine liposome group,
indicating a good analgesic effect of postoperative
bupivacaine liposome injection in laparoscopic Roux-en-Y
gastric bypass surgery [37]. Another study used a
non-anesthetic approach for postoperative analgesia in
laparoscopic  sleeve gastrectomy and evaluated the
postoperative analgesic effect of bupivacaine liposome based
on pain scores and postoperative morphine consumption. The
results showed that the pain scores immediately after surgery
and at 12 hours postoperatively in the bupivacaine liposome
group were lower than those in the control group (tramadol
intervention), with less postoperative morphine consumption
than the control group, indicating a definite analgesic effect
[38].

3.4 Postoperative analgesia for other abdominal
surgeries

A study performed rectus sheath block and local
infiltration anesthesia in patients undergoing laparoscopic
appendectomy. The results showed that patients who received
rectus sheath block with bupivacaine liposome had lower
initial pain scores and average pain scores at 72 hours
postoperatively than those who received local infiltration
anesthesia with ropivacaine, indicating that bupivacaine
liposome has high application value in preoperative anesthesia
and postoperative analgesia [39]. A study on postoperative
pain management in laparoscopic abdominal liposuction
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showed that the frequency and dosage of intravenous
morphine use in patients who received bupivacaine liposome
for postoperative analgesia were significantly lower than those
in patients not using bupivacaine liposome for analgesia,
suggesting that bupivacaine liposome can effectively alleviate
postoperative pain and reduce patient discomfort [40]. Lu
Jianguo et al [41] compared the analgesic effects of
bupivacaine liposome and bupivacaine hydrochloride after
intercostal nerve block in single-port thoracoscopic lung
surgery. They found that the time to first use of analgesics
postoperatively and cumulative opioid consumption at 72
hours postoperatively in the bupivacaine liposome group were
both less than those in the bupivacaine hydrochloride group,
indicating that bupivacaine liposome can effectively reduce
postoperative pain in patients undergoing single-port lung
surgery.

A study applied bupivacaine liposome in open umbilical
hernia repair. The weighted pain scores at 120 hours and 10
days postoperatively were both <2.3 points, which were lower
than the median pain score (5.5 points), and no other adverse
events occurred postoperatively, suggesting that bupivacaine
liposome has good analgesic effect and safety [42].

4 Summary

Bupivacaine liposome is a novel amide local anesthetic
that employs liposome technology to encapsulate the drug
within a lipid bilayer, thereby achieving long-acting sustained
release. It is characterized by stable release, stable blood
concentration, and prolonged analgesic duration, making it an
ideal local anesthetic for postoperative analgesia in abdominal
surgeries such as major abdominal surgery, gynecological
surgery, gastrointestinal ~ surgery, and laparoscopic
appendectomy. Additionally, it provides new insights for
postoperative analgesia in other surgical procedures. However,
currently, the approved indications of bupivacaine liposome in
China are limited to local infiltration analgesia and nerve
block, resulting in a restricted scope of application. Its efficacy
and safety still require confirmation through more high-quality
clinical studies.
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Research progress of bupivacaine liposomes in postoperative analgesia in patients

undergoing abdominal surgery
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Abstract: Postoperative pain after abdominal surgery can cause both mental and physical trauma which directly affect the prognosis of
patients. Effective postoperative analgesia can promote the recovery of gastrointestinal function and shorten the recovery process of
patients. Bupivacaine liposomes are a new type of amide local anaesthesia developed in recent years using liposome technology for
clinical application. Single dose injection can produce long-lasting analgesia for 72 hours, which is an important part of multimodal
analgesia. Its application value has been widely validated in postoperative analgesia after total knee replacement, breast surgery and

other surgical procedures. The article reviews the effects of bupivacaine liposomes on postoperative analgesia after abdominal surgery

from the aspects of pharmacological properties, clinical application and safety.
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