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Abstract

Postoperative pain is a major clinical challenge for surgical patients, often leading to adverse physiological and psychological
events such as hypertension, myocaial ischemia, gastrointestinal dysfunction, delirium, and sleep disorders. Effective
postoperative analgesia is crucial as it mitigates excessive stress responses, thereby playing a key role in ensutient safety and
promoting recovery. Traditional analgesic methods often rely heavily on single-drug regimens, particularly opioids, which are
associated with a high incidence of severe adverse effects such asy depression, nausea, vomiting, and constipation. In response,
multimodal analgesia has emerged as a superior paradigm. This strategy integrates drugs and regional techniques with different
mechanisf action—for example, combining nonsteroidal anti-inflammatory drugs (NSAIDs), local anesthetics, and adjuvant
drugs—to achieve synergistic analgesic effects while minimizine dosage and side effects of individual components. With the
rapid development of Enhanced Recovery After Surgery (ERAS) concepts, the advantages of multimodal analgesia have become
increasingly promechnological advancements, such as ultrasound-guided nerve blocks and advanced patient-controlled analgesia
pumps, have made these regimens more refined and individualized. As a cornerstone of EAS pathways, multimodal analgesia
effectively controls pain, significantly reduces opioid-related complications, promotes early mobilization and functional
recovery, and shortens length of stay, thereby utilizing medical resources moreefficiently. This study reviews various strategies
for postoperative pain management in patients undergoing laparoscopic radical gastrectomy for gastric cancer.
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1. Introduction

As China's aging population continues to grow, the propor-  their surgical risks. In the realm of gastric cancer treatment,
tion of elderly patients undergoing surgical procedures has laparoscopic gastric cancer resection has emerged as a widely
markedly increased [1]. These patients frequently experience  adopted surgical technique, primarily due to its minimally in-
organ function degeneration, diminished physical capabilities, vasive benefits [2]. Nevertheless, this procedure still inflicts
and reduced reserve capacity in vital organs, which heightens  considerable trauma to the abdominal cavity and necessitates
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digestive tract reconstruction, leading to significant incision
pain, visceral pain, and inflammatory pain postoperatively,
which can severely impede patient recovery. Consequently,
the establishment of an effective postoperative analgesia pro-
tocol with minimal adverse effects is crucial for facilitating
the early recovery of these patients. This article seeks to re-
view the commonly employed analgesic methods for elderly
patients following laparoscopic radical gastrectomy for gastric
cancer.

2. Common Drugs for Multimodal
Analgesia

2.1. Opioid Analgesics

Opioid analgesics remain the standard intravenous treat-
ment for acute pain; however, their receptor-mediated side ef-
fects, including nausea, vomiting, respiratory depression, uri-
nary retention, and pruritus, are challenging to entirely miti-
gate, particularly in elderly patients with declining organ func-
tion [3]. Consequently, multimodal analgesic approaches are
frequently employed in clinical settings to minimize opioid
dosages while preserving analgesic efficacy. Sufentanil, a
highly selective and long-acting p opioid receptor agonist, ex-
hibits a strong affinity for pl receptors and is noted for its
rapid onset, potent analgesic effect, relatively low incidence
of side effects, and hemodynamic stability [3, 4]. In the pa-
tient-controlled intravenous analgesia (PCIA) protocol for
multimodal analgesia during laparoscopic radical gastrectomy
for gastric cancer, sufentanil is frequently employed as the pri-
mary agent and is often combined with other medications to
enhance synergistic effects. Research has substantiated the
benefits of this composite approach. Chi Yan et al. [5] demon-
strated that the PCIA regimen incorporating dexmedetomidine
with sufentanil outperforms sufentanil monotherapy in reduc-
ing postoperative pain, enhancing sedation, and improving
safety for patients undergoing laparoscopic gastric cancer re-
section. Furthermore, the PCIA regimen combining nalbu-
phine with sufentanil has been shown to provide superior an-
algesic efficacy and safety, as well as to alleviate visceral pain
through the modulation of pain-related factors [6]. Addition-
ally, the PCIA regimen of sufentanil combined with dezocine
offers effective sedation and analgesia, mitigates pain-related
stress, and protects immune function, evidenced by its rela-
tively minor effects on interleukin-2 and interleukin-6 levels,
while also reducing the incidence of micrometastases in the
bloodstream [7].

2.2. Opioid Receptor Agonist-Antagonist

Opioid receptor agonists - antagonists are a class of drugs
that have both agonistic and antagonistic activities against opi-
oid receptors, mainly including pentazocine, butorphanol, nal-
buphine, buprenorphine and dezocine, etc. Compared with

66

simple p receptor agonists such as morphine and fentanyl,
these drugs have the advantages of definite analgesic effect,
lower addiction, and fewer side effects such as coughing, itch-
ing and respiratory depression. Its pharmacological properties
stem from the excitatory effects on « -opioid receptorsand 6 -
opioid receptors as well as varying degrees of antagonistic ef-
fects on p -opioid receptors. This unique mechanism of action
gives it an advantage in suppressing visceral pain, while sig-
nificantly reducing typical opioid adverse reactions such as
nausea and vomiting, respiratory depression and intestinal pa-
ralysis [8].

Based on the above advantages, opioid receptor agonists -
antagonists play a particularly prominent role in surgical an-
algesia involving abdominal internal organs. A randomized
controlled trial on elderly patients undergoing laparoscopic
radical gastrectomy for gastric cancer demonstrated that the
patient-controlled intravenous analgesia regimen of dezo-
cine combined with butorphanol not only effectively allevi-
ated postoperative pain but also regulated immune function
and reduced the incidence of postoperative complications [9].
This is consistent with the conclusions of multiple clinical
studies on the use of drugs such as nalbuphine and dezocine
for postoperative analgesia, all of which confirm that these
drugs have better safety while achieving effective analgesia
[10, 11]. Therefore, opioid receptor agonists - antagonists
are an important component of multimodal analgesia, espe-
cially in perioperative analgesia protocols for abdominal sur-

gery.
2.3. Non-opioid Analgesics

2.3.1. Nonsteroidal Antiinflammatory Drugs
(NSAIDs)

Non-steroidal anti-inflammatory drugs (NSAIDs) comprise
a class of anti-inflammatory medications devoid of steroidal
structures, including aspirin, flurbiprofen axetil, ketorolac, di-
clofenac, ibuprofen, peroxicam, and celecoxib. These drugs
are extensively utilized in perioperative pain management.
They serve not only to alleviate mild to moderate pain but also
as adjunctive treatment for moderate to severe pain. The anal-
gesic and anti-inflammatory effects of NSAIDs arise from
their inhibition of cyclooxygenase, which subsequently re-
duces the synthesis of prostaglandins [12]. As a crucial ele-
ment of multimodal analgesia, NSAIDs effectively decrease
the need for opioid medications post-surgery, thereby mini-
mizing adverse reactions such as nausea, vomiting, and res-
piratory depression, while also producing a synergistic anal-
gesic effect.

The increasing clinical application of NSAIDs has raised
significant concerns regarding their safety. A retrospective
analysis involving 2,150 patients who underwent laparoscopic
gastric cancer resection indicated that postoperative NSAID
use may be linked to a higher incidence of complications, in-
cluding anastomotic leakage, duodenal stump leakage, intra-
abdominal hemorrhage, and intra-abdominal inflammation
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[13]. Regarding cardiovascular safety, findings from the PRE-
CISION trial, a prospective randomized study conducted from
2006 to 2014 with 24,222 participants, suggest that NSAIDs
should be avoided in patients at elevated risk for cardiovascu-
lar disease. If NSAIDs are deemed necessary, the lowest ef-
fective dose should be utilized, and the duration of treatment
should be minimized. Notably, animal studies have not
demonstrated any impact of NSAIDs on the healing strength
of anastomoses [14], implying that the clinical risks may be
influenced by species differences, timing of administration, or
individual patient factors.

Given the aforementioned potential complications, the use
of NSAIDs must be meticulously assessed when developing
postoperative analgesia protocols for elderly patients under-
going laparoscopic radical gastrectomy for gastric cancer.
Clinical decisions should be grounded in a thorough evalua-
tion of each patient's individual circumstances, including car-
diovascular status, renal function, and gastrointestinal history.
Adhering to the principle of "the shortest course of treatment
and the lowest effective dose" is essential. Priority should be
given to medications such as selective COX-2 inhibitors,
which exert a reduced impact on gastrointestinal and platelet
functions. This approach aims to achieve effective analgesia
while maximizing patient safety.

2.3.2. Paracetamol

Acetaminophen, also known as paracetamol, is one of the
most popular and widely used drugs for treating pain and fever,
holding a unique position among painkillers. It is not an
NSAIDs drug. Unlike NSAIDs, acetaminophen has low anti-
inflammatory activity and does not cause gastrointestinal
damage or adverse effects on the heart and kidneys [15]. A
number of prospective trials on acetaminophen versus placebo
have shown that acetaminophen can improve pain relief, have
the effect of saving opioids, increase patient satisfaction, and
reduce the need for emergency drugs for burst pain. Especially
its intravenous preparations, which do not go through the first
stage of elimination, have a high bioavailability. However, its
analgesic effect is relatively weak. It is often combined with
other analgesic regimens to enhance the analgesic effect and
reduce adverse reactions [16].

2.3.3. Others

Tramadol, glucocorticoids, and non-steroidal anti-inflam-
matory drugs are essential components of multimodal analge-
sia. A prospective study by Mikami et al. evaluated the anal-
gesic effects of an oral regimen combining tramadol and acet-
aminophen with celecoxib, in comparison to epidural analge-
sia following laparoscopic radical gastrectomy for gastric can-
cer. The findings demonstrated that the oral analgesic regimen
is a feasible and safe method for pain management, character-
ized by a low incidence of adverse events and a non-invasive
approach. This study indicates that the combination of tra-
madol and acetaminophen with celecoxib may serve as an ef-
fective option for postoperative analgesia after laparoscopic
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radical gastrectomy for gastric cancer [17].

The application of glucocorticoids in perioperative anal-
gesia can achieve ideal results, which is helpful to improve
the clinical treatment effect and reduce related adverse reac-
tions. However, for elderly patients, the use of glucocorti-
coids requires special caution as it may induce or aggravate
common comorbidities in the elderly such as hypertension
and diabetes, and increase the risk of infection, osteoporosis
and peptic ulcers, etc. [18] Therefore, when applied in el-
derly patients, the benefits and risks must be strictly evalu-
ated, and monitoring during the medication period should be
strengthened.

3. Commonly Used Nerve Block
Techniques in Multimodal Analgesia

3.1. Patient Controlled Epidural Analgesia
(PCEA)

Epidural analgesia, achieved by placing a catheter in the
epidural space and administering analgesic agents to target
nerve roots directly, offers effective postoperative pain relief
and diminishes the risks of pneumonia, cardiovascular, and
cerebrovascular events. Historically, it was considered a fun-
damental analgesic strategy within the enhanced recovery af-
ter surgery framework for abdominal procedures [19]. Clin-
ical investigations have demonstrated that patient-controlled
epidural analgesia (PCEA) is both safe and effective for pa-
tients undergoing radical gastrectomy due to gastric cancer.
In comparison to patient-controlled intravenous analgesia,
PCEA significantly reduces postoperative pain scores, miti-
gates the body's stress response, enhances intestinal function
recovery, and consequently expedites the rehabilitation pro-
cess post-surgery [20]. Nonetheless, epidural analgesia pre-
sents certain limitations in clinical practice. The failure rate
for epidural catheter placement can reach 30%, while the in-
cidence of intraoperative and postoperative hypotension may
be as high as 40%. Additionally, urinary retention occurs in
21.5% to 38.1% of cases. Elderly patients face an elevated
risk of severe hypotension and complications associated with
epidural techniques [21]. Concurrently, the advancement of
minimally invasive surgical techniques has led to the wide-
spread adoption of laparoscopic surgery for abdominal pro-
cedures, including radical gastrectomy for gastric cancer.
Laparoscopic surgery offers distinct advantages over open
surgery, including reduced trauma, diminished postoperative
pain, less impact on respiratory function, and shorter hospital
stays. Therefore, there is controversy in the academic com-
munity as to whether it is still necessary to routinely use epi-
dural analgesia after laparoscopic surgery. Relevant retro-
spective research analyses indicate that for laparoscopic rad-
ical gastrectomy for gastric cancer, patient-controlled epi-
dural analgesia may not be indispensable. Studies have
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shown that regardless of whether PCIA or PCEA is used af-
ter laparoscopic gastric cancer surgery, there is no signifi-
cant difference in tumor recurrence rate and patient mortality
[22]. In terms of pain control effect, postoperative complica-
tion rate and hospital stay, PCEA did not show a clear ad-
vantage over PCIA [23]. In conclusion, with the increasing
popularity and improvement of laparoscopic technology, the
traditional core position of epidural analgesia in postopera-
tive analgesia of abdominal surgery is gradually being re-
placed by ultrasound-guided regional nerve block technol-
ogy and multimodal analgesia regimens based on intrave-
nous administration.

3.2. Transversus Abdominis Plane Block
(TAPB)

The transversus abdominis plane block (TAPB) technique
was first described by Rafi in 2001. This approach relies on
neuroanatomical localization, involving the injection of local
anesthetics into the fascial space between the internal oblique
and transverse abdominis muscles, thereby facilitating effec-
tive regional analgesia for abdominal surgeries [24]. With the
advent of ultrasound visualization technology, the use of
TAPB in clinical settings has become increasingly prevalent.
Clinicians have gradually recognized and accepted its analge-
sic mechanism, operational methods, injection sites, drug se-
lection, and dosage protocols [25]. The indications for TAPB
have continuously expanded, now encompassing nearly all
types of abdominal surgeries. In laparoscopic procedures, ul-
trasound-guided subcostal TAPB and Petit triangle block are
among the most commonly employed and effective tech-
niques [26]. Notably, subcostal TAPB is particularly advanta-
geous for upper abdominal surgeries, as it effectively blocks
the sensory distribution of the T7 to T12 spinal nerves, align-
ing closely with the incision pain range (T6-T12) experienced
during laparoscopic radical gastrectomy for gastric cancer.
Clinical studies have demonstrated that ultrasound-guided
subcostal TAPB provides effective analgesia following lapa-
roscopic gastric cancer surgery and significantly reduces opi-
oid consumption [27].

To further optimize the analgesic effect and reduce the ad-
verse reactions related to opioids, some studies have adopted
a multimodal analgesic regimen combining bilateral double
transversus abdominis plane block with patient-controlled in-
travenous analgesia. This protocol has been proven to signifi-
cantly reduce the incidence of postoperative nausea and vom-
iting, improve the postoperative experience of patients, and is
particularly suitable for elderly patients undergoing laparo-
scopic radical gastrectomy for gastric cancer [28].

Ropivacaine, a long-acting amide local anesthetic, is often
selected for TAPB. To prevent systemic toxicity of local an-
esthetics and prolong the block time, Yao Xiaorong et al. [29]
combined ropivacaine with dexmedetomidine for TAPB. Re-
search has found that this composite protocol can improve the
postoperative recovery quality of elderly patients undergoing
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laparoscopic radical gastrectomy for gastric cancer, enhance
the analgesic effect, prolong the duration of analgesia, reduce
the dosage of postoperative intravenous analgesic drugs, and
has good safety. Other clinical studies have further confirmed
the efficacy and safety of dexmedetomidine as an adjuvant in
TAPB.

3.3. Erector Spine Plane Block (ESPB)

The erector spinae plane block, an emerging regional an-
algesic technique, has demonstrated promising applications
in providing analgesia for abdominal surgery due to its nota-
ble analgesic efficacy, extensive block coverage, relatively
straightforward execution, and high safety profile [30]. The
mechanism of action involves the injection of local anesthet-
ics into the fascial plane situated between the deep surface
of the erector spinae muscle and the transverse process. This
allows the anesthetic agents to diffuse into the paravertebral
space, effectively blocking both the ventral and dorsal
branches of the spinal nerves. In the context of laparoscopic
radical gastrectomy for gastric cancer, this technique theo-
retically encompasses the pain-controlled regions (T6-T12)
associated with surgical incisions and visceral interventions,
thereby fulfilling the requirements for surgical analgesia
while mitigating the risks of circulatory fluctuations and res-
piratory depression that may arise from excessive segmental
block.

Clinical studies have confirmed that ultrasound-guided
ESPB can effectively alleviate postoperative pain after lapa-
roscopic gastric cancer surgery, reduce the dosage of opioids
during the perioperative period, and help alleviate the in-
flammatory response caused by surgical trauma [31]. Com-
pared with traditional epidural analgesia, ESPB operation is
more convenient, and the risk of serious complications (such
as epidural hematoma and abnormally extensive block) is
significantly reduced. However, the application of this tech-
nology in abdominal surgeries, especially radical gastrec-
tomy for gastric cancer, is still in the stage of exploration and
optimization. The current research focuses on the optimal
concentration and volume of ropivacaine, the influence of
injection speed on the onset time and effect of block [32],
and its impact on the hemodynamic stability of elderly pa-
tients. In addition, the duration of a single block is limited.
To provide continuous analgesia, continuous catheter place-
ment (ESPB) has become an important direction for prolon-
gating analgesia time. However, the optimal catheter place-
ment position, administration mode, and long-term safety in
abdominal surgery still require more high-quality clinical
studies to be clarified [30].

In conclusion, ESPB provides an effective multimodal an-
algesic component for laparoscopic radical gastrectomy for
gastric cancer. However, the standardization and optimization
of its clinical application plan, especially for elderly patients
and those seeking long-acting analgesia, are key issues that
need to be addressed in future research.
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3.4. Quadratus Lumborum Block (QLB)

The quadratus lumborum block is a trunk nerve block tech-
nique initially described by Blanco. This technique involves
the injection of local anesthetics into the fascial space sur-
rounding the quadratus lumborum, thereby providing simulta-
neous analgesic effects that encompass both the body surface
and internal organs during abdominal and hip surgeries. The-
oretically, the blocked dermatomes can extend from T6 to L1
[33]. Research indicates that this technique effectively reduces
resting visual analogue scale scores in elderly patients at var-
ious time points following laparoscopic radical gastrectomy
for gastric cancer. Furthermore, it may enhance postoperative
cognitive function and improve patient prognosis by alleviat-
ing pain and stress [34].

The clinical application of the quadratus lumborum block
encounters several challenges. Notably, there are substantial
individual variations in the block plane and its efficacy. De-
pending on the insertion paths and injection sites, this tech-
nique can be categorized into various methods, including the
lateral, posterior, and anterior approaches [35]. While this
technological diversity offers flexibility, it also results in is-
sues such as low operational standardization and inconsistent
predictability of outcomes. Consequently, it is challenging to
rely solely on this technique to provide comprehensive anal-
gesia in the surgical area for all patients undergoing gastric
cancer surgery. Therefore, in clinical practice, the quadratus
lumborum block is frequently employed as a critical compo-
nent of multimodal analgesia regimens rather than as the ex-
clusive analgesic approach.

3.5. Paravertebral Thoracic Nerve Block
(PVNB)

Paravertebral nerve block (PVNB) achieves a segmental
blockade of the motor, sensory, and sympathetic nerves on the
ipsilateral side by administering local anesthetics at the nerve
root outlet of the thoracic paravertebral space. This technique
is crucial for regional anesthesia and postoperative analgesia
in thoracic and abdominal surgeries [36]. Regarding postop-
erative analgesia, research indicates that the analgesic efficacy
of PVNB can be comparable to that of epidural analgesia, ef-
fectively reducing the incidence of adverse reactions such as
nausea, vomiting, urinary retention, and hypotension. Conse-
quently, it has gained widespread application in thoracic sur-
geries [37]. In contrast, the use of PVVNB in abdominal surgery
is relatively limited. Nevertheless, existing studies suggest
that, without primarily considering its potential effects on he-
modynamics [38], ultrasound-guided bilateral paravertebral
nerve block for patients undergoing radical gastrectomy for
gastric cancer can yield significant clinical benefits and effec-
tive postoperative analgesia [39]. A prospective randomized
controlled trial involving elderly patients with gastric cancer
further demonstrated that preoperative bilateral PVNB can
significantly decrease the dosage of general anesthetics,
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shorten patient recovery time, and may positively influence
postoperative cognitive function. These findings imply that
PVNB, as a vital component of multimodal analgesia, holds
considerable promise for optimizing perioperative manage-
ment in major abdominal surgeries, particularly radical gas-
trectomy for gastric cancer.

4. Common Traditional Chinese
Medicine Analgesic Methods in
Multimodal Analgesia

Transcutaneous electrical acupoint stimulation (TEAS) is a
non-invasive physical therapy technique that has evolved
from traditional Chinese acupuncture. This approach inte-
grates the benefits of acupoint stimulation with transcutaneous
nerve electrical stimulation, characterized by its ease of use,
safety, and non-invasive nature. TEAS has found extensive
application in peripheral operative management in China [40].
Research indicates that TEAS can serve multiple functions
during the perioperative period by modulating the nervous,
endocrine, and immune systems. Its benefits include facilitat-
ing pain management, reducing postoperative nausea and
vomiting, enhancing immune function, promoting gastrointes-
tinal recovery, and decreasing the incidence of postoperative
complications [41].

In elderly patients undergoing laparoscopic gastric cancer
surgery, the combined use of transcutaneous electrical acupoint
stimulation (TEAS) and transversus abdominis plane block has
been shown to produce a synergistic effect. Clinical randomized
controlled trials have demonstrated that this combination sig-
nificantly alleviates postoperative pain, shortens the time to first
flatulence, reduces the incidence of postoperative nausea and
vomiting, and partially restores the balance of T lymphocyte
subsets, thereby enhancing immune function [41]. Collectively,
these effects contribute to improved quality of early postopera-
tive recovery for patients. Furthermore, additional studies indi-
cate that the perioperative application of TEAS can decrease the
incidence of postoperative fatigue syndrome in elderly patients.
This mechanism may be associated with increased release of
endogenous [B-endorphins, inhibition of inflammatory re-
sponses, and alleviation of oxidative stress [42]. Consequently,
TEAS combined with regional nerve block can serve as a vital
non-pharmaceutical intervention to optimize perioperative
management and promote rapid recovery in elderly patients un-
dergoing laparoscopic gastric cancer surgery.

5. Others

Individualized analgesia regimens and optimized early
postoperative fluid and food intake can effectively facilitate
recovery in patients undergoing laparoscopic gastric cancer
resection without increasing the risk of complications, such as
anastomotic fistula [43]. In this patient population, the imple-
mentation of an acute pain service model, which involves
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nurse execution and joint supervision by anesthesiologists and
specialists, can significantly reduce postoperative pain, pro-
mote the recovery of physiological functions, and improve pa-
tient satisfaction with analgesic management [44]. Addition-
ally, research has demonstrated that postoperative consump-
tion of green tea is a safe intervention that can diminish pain
intensity following laparoscopic gastric cancer resection and
aid in the recovery process. Within the enhanced recovery af-
ter surgery program, green tea serves as an adjunct to enhance
analgesic and anti-inflammatory effects [45].

6. Summary

Adequate postoperative analgesia is a fundamental compo-
nent of the enhanced recovery after surgery (ERAS) protocol
and serves as a critical indicator for assessing surgical effec-
tiveness, rehabilitation outcomes, quality of medical care, and
patient satisfaction. With advancements in medical technol-
ogy, the promotion of patient-centered care, the widespread
adoption and refinement of endoscopic techniques, the intro-
duction of novel analgesic agents, and ongoing innovations in
analgesic methodologies, the options for multimodal analge-
sia following laparoscopic gastric cancer resection in elderly
patients are becoming increasingly varied. These develop-
ments enhance the ability to effectively manage postoperative
pain, decrease the incidence of complications, and expedite
the recovery of gastrointestinal function, thereby facilitating
rapid postoperative recovery and positively influencing long-
term prognoses for patients.
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