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ABSTRACT

Enhanced Recovery After Surgery (ERAS) pro-
tocols have substantially proven their merit in 
diminishing recuperation durations and miti-
gating postoperative adverse events in geriat-
ric populations undergoing colorectal cancer 
procedures. Despite this, the pivotal aspect of 
postoperative pain control has not garnered the 
commensurate attention it deserves. Typically, 
employing a multimodal analgesia regimen that 
weaves together nonsteroidal anti-inflammatory 

drugs, opioids, local anesthetics, and nerve 
blocks stands paramount in curtailing surgical 
complications and facilitating reduced conva-
lescence within hospital confines. Nevertheless, 
this integrative pain strategy is not devoid of 
pitfalls; the specter of organ dysfunction looms 
over the geriatric cohort, rooted in the abuse 
of analgesics or the complex interplay of poly-
pharmacy. Revolutionary research is delving 
into alternative delivery and release modalities, 
seeking to allay the inadvertent consequences 
of analgesia and thereby potentially elevating 
postoperative outcomes for the elderly post-
colorectal cancer surgery populace. This review 
examines the dual aspects of multimodal analge-
sia regimens by comparing their established ben-
efits with potential limitations and offers insight 
into the evolving strategies of drug administra-
tion and release.
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Key Summary Points 

Inadequate pain control post-colorectal 
surgery in elderly patients can lead to sig-
nificant negative outcomes, highlighting the 
imperative for improved analgesic strategies 
tailored to this vulnerable demographic to 
avert complications such as increased hospi-
tal stays and the potential for chronic pain 
development.

The extensive discussion on the pros and 
cons of various analgesics and pain relief 
techniques within traditional multimodal 
analgesia emphasizes its crucial role in 
elderly colorectal surgery patients. While this 
approach is essential to minimizing surgi-
cal complications and enhancing recovery, 
it requires nuanced consideration of each 
patient’s specific needs and vulnerabilities.

The potential for adverse effects, particularly 
with polypharmacy and the individual’s 
physiological changes due to aging, necessi-
tates a judicious use of drugs and techniques 
to prevent unnecessary complications.

Progress in pain management has seen the 
exploration of novel methodologies like 
controlled drug release systems, including 
hydrogels and nanoparticles. These advance-
ments aim to refine pain relief strategies and 
minimize side effects, presenting a significant 
potential to enhance postoperative care.

The integration of these innovative sys-
tems with traditional multimodal analgesia 
approaches could represent a breakthrough 
in overcoming the limitations currently faced 
in effectively managing pain among elderly 
colorectal surgery patients.

INTRODUCTION

Colorectal cancer ranks as the third most com-
mon malignancy and stands as the second lead-
ing cause of cancer-induced fatalities; notably, 
over half of those diagnosed are aged 65 or 
above [1, 2]. For these senior patients, surgical 
intervention is considered the cornerstone of 
treatment [3]. ERAS encapsulates a collection of 
optimized perioperative care protocols founded 
on solid medical research, aimed at reducing 
convalescence periods and diminishing the inci-
dence of postoperative complications [4]. Studies 
validating its effectiveness span diverse demo-
graphics, with a particular focus on the older 
demographic undergoing colorectal procedures 
[5–7]. However, inadequate postoperative anal-
gesia can have detrimental ramifications, includ-
ing prolonged hospitalization [8], an array of 
complications such as nausea, vomiting, bowel 
obstruction, anastomotic failures, urinary reten-
tion, and respiratory infections [9], as well as a 
heightened likelihood of hospital readmission 
[10]. Delivering effective postoperative analgesia 
for elderly colorectal cancer patients is a signifi-
cant enhancer of the ERAS protocol.

A principal component of ERAS is multimodal 
analgesia, an approach that employs a variety of 
analgesic modalities and medications concomi-
tantly to mitigate pain [11]. This multipronged 
strategy, which includes nerve blocks, local anes-
thetics, analgesics, and sedative medications, is 
designed to maximize pain relief through the 
synergistic effects between disparate analgesic 
techniques and holdings, curb the potential 
for adverse reactions via reduced dosing, and 
abate the risk of opioid dependence by mini-
mizing opioid utilization during the periopera-
tive phase. Nevertheless, the widespread use of 
multiple drug therapies and the potential for 
inappropriately prescribed medications can lead 
to grave consequences for the elderly [12]. An 
association between excessive polypharmacy 
and adverse health outcomes, including a sta-
tistically significant correlation with poorer up-
to-5-year overall survival, has been observed in 
older individuals with colorectal cancer [13]. 
Age-associated polypharmacy is further com-
plicated by drug–drug interactions, toxicity, 
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confusion, amongst other challenges, particu-
larly in the geriatric population that often con-
tends with reduced hepatic and renal function 
[14].

Innovations in analgesic delivery, employing 
various materials, show promise in ameliorating 
some of the limitations associated with multi-
modal analgesia in postoperative care for the 
elderly after colorectal surgeries. This review arti-
cle is based on previously conducted studies and 
does not contain any new studies with human 
participants or animals performed by any of the 
authors. In the following discussion, we aim to 
critically appraise the pros and cons of multi-
modal analgesia strategies for older postopera-
tive colorectal cancer patients and explore the 
burgeoning potential of novel analgesic delivery 
systems designed to enhance multimodal anal-
gesia’s efficacy.

The Heavy Burden of Poor Pain Control 
After Colorectal Surgery in Elderly Patients

Post-surgical pain, particularly acute within the 
first 24 h, is a common occurrence that dispro-
portionately affects elderly patients [15, 16]. 
This pain extends beyond the immediate physi-
cal discomfort, stirring negative emotional expe-
riences and potentially heightening the risk of 
post-surgical complications in those undergoing 
colorectal procedures [9, 17]. Unchecked, this 
postoperative pain may evolve into a chronic 
state, presenting a persistent challenge [18]. The 
intricacies of managing postoperative pain in 
elderly patients are intensified by a myriad of 
factors such as age-related physiological shifts, 
comorbidity-induced changes, and intricate 
interactions between illnesses and drugs, as 
well as between various drugs themselves [19]. 
Notably, a retrospective study indicated a direct 
link between moderate-to-severe postoperative 
pain and the occurrence of anastomotic leak-
age (AL)—a complication that can precipitate 
additional surgery [20]. AL ranks among the 
more serious outcomes of colorectal surgery, 
typically resulting in extended hospitalizations, 
increased readmissions, and escalated health-
care costs [21]. The severity of AL also bears a 
tangible association with increased mortality 

in the geriatric demographic, emphasizing the 
critical need for robust pain management proto-
cols [22]. The repercussions of inadequate pain 
control are not limited to AL; issues like intesti-
nal blockages and urinary retention compound 
hospital durations and financial strains [9, 23, 
24]. Moreover, the repercussions of severe post-
surgical complications can revisit patients in the 
form of pain episodes a month or even a year 
following their operations [25]. This pattern of 
recurrent pain not only places an immense bur-
den on patients but also significantly diminishes 
their quality of life.

Hence, it is paramount that the pain expe-
rienced by elderly patients post-colorectal sur-
gery is afforded significant clinical attention 
and management. The ensuing discourse aims 
to meticulously outline the analgesic medica-
tions and techniques employed to alleviate pain 
in this vulnerable patient group following their 
surgical interventions.

Opioids for Analgesia

Opioid analgesics primarily interact with opioid 
receptors located in the peripheral and central 
nervous systems, including μ, κ, and δ recep-
tors. Through the activation of intracellular G 
proteins and/or GPCR kinases (GRK) alongside 
β-arrestins, these medications trigger neuronal 
hyperpolarization and inhibit the emission of 
pronociceptive neurotransmitters. This process 
effectively reduces the propagation of pain sig-
nals and facilitates analgesia [26]. Serving as a 
fundamental component for the treatment of 
moderate-to-severe pain, opioids are also inte-
gral to the World Health Organization’s (WHO) 
three-step ladder for cancer pain management 
[27]. However, the deployment of opioid analge-
sics is not without its set of challenges [28–30]. 
Their interaction with non-target receptors can 
potentially lead to issues such as addiction and 
misuse [31–34]. Their interaction with non-
target receptors can potentially lead to issues 
such as addiction and misuse [28]. The utiliza-
tion of opioids around the time of colorectal 
surgery has been associated with a notable fre-
quency of adverse reactions, prolonging hospi-
tal stays, escalating expenses, and heightening 
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the risk of postoperative readmission [35–38]. 
This consideration is especially crucial in surger-
ies performed on the aging population afflicted 
with colorectal cancer. It has been illustrated 
that among elderly female patients undergoing 
elective open colectomy, minimizing routine 
oral opioid consumption is strongly linked to 
reduced hospitalization durations [39]. Decreas-
ing the dosage of opioids for elderly patients 
undergoing colorectal surgery not only can 
lower the rate of adverse reactions but also can 
diminish the risk of cognitive impairments [40]. 
Remarkably, studies have illuminated the possi-
bility of conducting opioid-free analgesia within 
this patient group, despite some limitations such 
as the singular focus of the institutions involved 
[41, 42].

Within specific analgesic frameworks, colorec-
tal surgeries can be executed without relying on 
opioids. While the analgesic efficacy of opioids 
is well documented, their application in aiding 
the rapid recovery of elderly colorectal cancer 
patients necessitates a thorough evaluation of 
their potential adverse reactions and misuse 
risks. With meticulous management, opioids 
can indeed contribute positively to surgical out-
comes. Nonetheless, in addressing the special-
ized needs of the elderly patient demographic, 
a delicate equilibrium between the benefits and 
risks of analgesic options must be meticulously 
maintained to ensure both effective pain con-
trol and minimizing the likelihood of adverse 
outcomes.

Analgesic Drug

Nonsteroidal Anti‑Inflammatory Drugs

Nonsteroidal anti-inflammatory drugs (NSAIDs) 
act by impeding the synthesis of prostaglan-
dins through the inhibition of cyclooxyge-
nase-1 (COX-1) and cyclooxygenase-2 (COX-
2) enzymes, bestowing them with their noted 
anti-inflammatory and analgesic properties [43]. 
These agents are championed as a facet of mul-
timodal analgesia after colorectal surgery, cred-
ited for their capacity to diminish opioid con-
sumption [44, 45]. Research further suggests that 
NSAIDs may facilitate expedited bowel recovery, 

minimize postoperative complications, and con-
sequently abbreviate hospital stays following 
colorectal operations [46–48]. Yet, the conten-
tion persists regarding the potential of NSAID 
administration during the perioperative period 
to precipitate anastomotic leakage (AL) [49–52]. 
Delving into this debate, a recent prospective 
multicenter cohort study involving elderly 
colorectal surgery patients determined that 
NSAID usage did not influence the incidence of 
postoperative AL [53]. Theoretically, COX-1 is 
instrumental in the synthesis of prostaglandins 
that confer protective benefits to the platelets 
and the gastrointestinal tract, whereas COX-2 
is implicated in the elicitation of inflammatory 
and pain symptoms [43]. Non-selective NSAIDs 
inhibit COX-1 or COX-2 to varying degrees. 
Hence, selective COX-2 inhibitors might exert 
a milder impact on AL compared to their non-
selective counterparts due to their targeted inhi-
bition [54]. Notably, observational data suggest 
that ketorolac, when employed perioperatively, 
does not materially correlate with augmented AL 
occurrence post-colorectal surgery. Conversely, 
the use of diclofenac may be associated with an 
increased likelihood of such postoperative com-
plications [54–57]. Furthermore, NSAIDs have 
been associated with adverse cardiovascular 
outcomes, including acute myocardial infarction 
and dose-related heart failure [58–60].

In synthesis, NSAIDs possess a vital role 
within the multimodal analgesia framework, 
especially for elderly patients undergoing colo-
rectal surgeries, given their efficacy in reducing 
opioid consumption and providing postop-
erative pain control. Nevertheless, a diligent 
consideration of the potential risks attributed 
to NSAID administration is imperative, with 
AL standing as a quintessential concern in the 
postoperative panorama of the elderly cohort 
undergoing colorectal surgeries. The majority 
of extant investigations elucidating the relation-
ship between NSAIDs and AL are observational 
in nature, lending themselves to potential selec-
tion bias and confounding variables, thereby 
begetting conclusions of questionable robust-
ness. Consequently, there is a pressing demand 
for more rigorous randomized controlled trials 
to discern the precise nexus between NSAID 
categories, dosage regimens, and the balance of 
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benefits against adverse sequelae in the elderly 
post-colorectal surgery patient population.

Acetaminophen

Acetaminophen, by metabolizing into N-acyl-
phenolamine (AM404) and acting on the tran-
sient receptor potential vanilloid 1 (TRPV1) 
as well as cannabinoid 1 receptors, facilitates 
analgesic effects [61]. Its minimal suppression 
of cyclooxygenase (COX) enzymes coupled 
with an absence of significant gastrointestinal 
and renal side effects renders acetaminophen 
as a preferred, first-line analgesic, particularly 
favorable for patients ineligible for NSAIDs and 
the geriatric population [62]. Research evidence 
underscores acetaminophen’s efficacy in pro-
viding substantial pain relief, curbing opioid 
requirements, shortening hospitalization, miti-
gating instances of intestinal obstruction, and 
fostering a quicker restoration of intestinal func-
tions amidst colorectal surgical procedures [63]. 
Notably, intravenous administration of acetami-
nophen in the early postoperative phases post 
colorectal surgery may pivotally bolster patient 
recovery compared to its oral counterpart [64]. 
Nevertheless, contrasting views emerge from a 
recent retrospective study that challenges the 
assertion of acetaminophen’s role in diminish-
ing hospital stays or opioid usage substantially 
during colorectal surgical interventions [65]. 
In the realm of postoperative analgesia, aceta-
minophen, devoid of an anti-inflammatory 
capacity, is often paired with NSAIDs to expe-
dite patient convalescence following colorectal 
surgeries [66]. This combination, however, must 
be prescribed with vigilance due to the poten-
tial augmented risk of gastrointestinal bleed-
ing, especially in elderly patients [67]. Predomi-
nantly liver-metabolized, acetaminophen, while 
generally safe within therapeutic parameters, 
harbors the sinister potential of eliciting grave 
hepatotoxicity and inducing acute liver fail-
ure in scenarios of compromised hepatic func-
tion—owing to malnutrition, age-related physi-
ological downturns, or multiple comorbidities 
[68]. In circumstances of overdose, the strategic 
administration of activated charcoal to attenu-
ate paracetamol absorption, supplemented by 

acetylcysteine, can be instrumental in averting 
hepatic cellular injury [69].

In brief, the judicious use of acetaminophen 
in elderly colorectal surgical patients bearing 
normal liver functionality could be supportive 
of their recovery trajectory. Its application dur-
ing the perioperative phase demands cautious 
consideration for individuals with weakened or 
malfunctioning livers. Considering the scarcity 
of research specifically focusing on the effective-
ness of acetaminophen for the elderly undergo-
ing colorectal surgeries, further empirical inves-
tigation is necessitated to underpin its utility.

Lidocaine

Lidocaine is a widely utilized amide local anes-
thetic, known for impeding the generation and 
propagation of action potentials by the revers-
ible blockade of voltage-gated sodium channels, 
thereby manifesting analgesic and anti-inflam-
matory properties [70]. Research indicates that 
intravenous (IV) administration of lidocaine in 
the context of both laparoscopic and open colo-
rectal surgeries during the perioperative phase 
contributes to mitigated pain levels, reduced 
incidence of nausea and vomiting, abbreviated 
duration of ileus, decreased reliance on opioids, 
a shortened hospital stay, and expedited recov-
ery of gastrointestinal tract function [71–75]. 
Specifically, in elderly patient populations who 
have undergone laparoscopic colorectal surger-
ies, the application of IV lidocaine has been 
associated with enhanced gastrointestinal recu-
peration and a concurrent reduction in opioid 
consumption [76]. However, the implementa-
tion of IV lidocaine as a standard aspect of perio-
perative care in colorectal surgery proceedings is 
subject to ongoing debate, owing much to the 
disparity of the study designs referenced in perti-
nent meta-analyses. These variations encompass 
differing lidocaine doses and administration 
duration, along with inconsistent perioperative 
management protocols and research goals. One 
meta-analysis revealed no apparent benefits of 
IV lidocaine in improving outcomes after lapa-
roscopic colectomy [77]. Conversely, another 
meta-analysis drawing from randomized con-
trolled trials posited that a minimum of 24-h 
postoperative IV lidocaine infusion is requisite 
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to proffer effective analgesia and reduce the 
length of hospitalization [78]. Intriguingly, there 
is evidence to suggest that lidocaine might exert 
anti-tumoral activity, promoting apoptosis and 
curtailing the proliferation of colorectal cancer 
cells, while concurrently furnishing effective 
analgesia during colorectal interventions [79]. 
Given that lidocaine undergoes hepatic biotrans-
formation and the elderly frequently present 
with concurrent illnesses or diminished hepatic 
function, it is plausible for IV lidocaine to pro-
voke systemic toxicity with potential ramifica-
tions on the central nervous system (manifesting 
as somnolence, seizures) and the cardiovascular 
system (including arrhythmias, cardiac arrest) 
[70, 80].

To summarize, IV lidocaine holds promise for 
the enhancement of postoperative pain man-
agement in the elderly demographic undergo-
ing colorectal surgeries. However, the precise 
optimal dosing and length of lidocaine therapy 
under diverse perioperative protocols remain 
indeterminate. There is a pressing need for more 
expansive and stringent multicenter randomized 
controlled trials to thoroughly assess the safety 
profiles and effectiveness of lidocaine. When 
considering treatment for senior patients, prefac-
ing a lower initial dose and titrating the infusion 
rate conservatively is advisable. Throughout the 
administration of IV lidocaine, vigilant monitor-
ing of vital signs such as blood pressure, an ECG, 
and the availability of emergency equipment are 
of paramount importance for ensuring patient 
safety.

α2 Adrenergic Agonists

Α2 adrenergic agonists mitigate pain by inhibit-
ing neural signals within the spinal cord and 
reducing neurotransmitter release in the brain, 
effectively regulating both peripheral and cen-
tral pain pathways [81]. Among these, clonidine 
and dexmedetomidine have shown promising 
results for postoperative pain control in colo-
rectal surgery, presenting a viable alternative to 
opioid analgesics.

Dexmedetomidine, administered intrave-
nously, has demonstrated capabilities in low-
ering resting pain scores, enhancing parasym-
pathetic activity, and mitigating inflammatory 

responses, thus fostering gastrointestinal recov-
ery after colorectal surgery [82–85]. Specifically 
for elderly patients, dexmedetomidine has 
been associated with a lower risk of postop-
erative delirium, spotlighting its potential for 
safer post-surgical recovery within this demo-
graphic [86–88]. Nevertheless, caution is war-
ranted regarding its dosage, as excessive levels 
were found to augment risks of hypotension and 
bradycardia and delay emergence from anesthe-
sia [89–91]. Clonidine, commonly administered 
via epidural or intrathecal routes, also delivers 
analgesic benefits [92]. It has demonstrated effi-
cacy in lessening systemic inflammation during 
colorectal surgeries and providing pain relief 
[93, 94]. Nonetheless, due to its broader action 
spectrum, clonidine may heighten hypoten-
sion risk compared to dexmedetomidine [95]. 
Intriguingly, evidence suggests a correlation 
between clonidine usage and increased opioid 
consumption in colorectal surgery patients—a 
point of concern considering the adverse out-
comes associated with elevated opioid use [96]. 
These findings underscore the nuanced balance 
required in managing postoperative pain. While 
alpha-2 adrenergic agonists provide valuable 
tools within the arsenal of multimodal analge-
sia, their optimal dosing and impact on postop-
erative recovery merit further research.

Gabapentinoids

Gabapentinoids, a class of antiepileptic medi-
cations that includes gabapentin and pregaba-
lin, exert analgesic effects by interacting with 
the α2δ subunit of voltage-dependent calcium 
channels, resulting in the attenuation of calcium 
influx, decremented release of excitatory neuro-
transmitters, and inhibition of spinal sensitiza-
tion [97]. Central to their established use is the 
role they play as a first-line treatment for adult 
neuropathic pain [98]. Concurrently, gabapenti-
noids have gained favor in multimodal analgesic 
strategies for their role in substantially dimin-
ishing opioid requirements in the perioperative 
milieu of colorectal surgeries [44, 66, 99]. The 
preoperative administration of gabapentinoids 
has been endorsed for its efficacy in forestalling 
postoperative nausea and vomiting [100, 101]. 
Nonetheless, it warrants acknowledgment that, 
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particularly within the elderly patient popula-
tion who may have additional health condi-
tions, gabapentinoids have been implicated in 
escalating the incidence of postoperative delir-
ium, profound sedation, respiratory depression, 
and complications when used in conjunction 
with novel antipsychotic medications [102–104]. 
Retrospective analysis of elective colorectal sur-
gical cases has demonstrated that while gabap-
entinoid usage marginally decreased the require-
ment for intravenous morphine equivalents on 
the day of surgery, it paradoxically elevated the 
necessity for noninvasive ventilation and the 
employment of naloxone to remediate opioid-
induced respiratory depression and sedation 
[105]. The American Geriatrics Society’s Beers 
Criteria flags gabapentin as a medication that 
holds potential inappropriateness for geriatric 
use [106].

Consequently, the incorporation of gabapen-
tinoids in perioperative pain management for 
the elderly is subjected to debate and calls for a 
reassessment of its routine prophylactic employ-
ment. The diversity inherent in colorectal surgi-
cal practices underscores the challenge of ascer-
taining an optimal dose and usage duration for 
gabapentinoids that strikes a balance between 
reducing opioid consumption and circumvent-
ing adverse effects. In clinical scenarios, the 
imperative evaluation of patient-specific factors, 
such as age, underlying medical conditions, and 
concurrent medication regimens, must comple-
ment the comprehensive assessment of the ben-
efits and potential risks, thereby enabling the 
crafting of individualized, judicious care plans.

The employment of conventional analgesic 
modalities for postoperative pain relief in senior 
individuals after colorectal surgical procedures 
offers a host of potential advantages that are 
not insignificant. These benefits span the spec-
trum from diminishing the need for opioids—a 
measure that can significantly mitigate the risks 
associated with opioid use—to alleviating the 
typical discomforts of postoperative nausea and 
vomiting. They also promote more expedient 
gastrointestinal recuperation and may contrib-
ute to a reduced length of hospital recuperation 
time. Nonetheless, the selection of analgesics 
within this demographic must be approached 
with deliberate prudence. Geriatric patients 

frequently present with a tangle of polyphar-
macy and associated health complications. It 
is essential, therefore, to navigate these com-
plexities with care to minimize the possibility 
of adverse drug-disease interactions. Of note, 
the pool of clinical data pertaining to elderly 
patients who have undergone colorectal sur-
gery is oftentimes limited to a narrow scope of 
medications or classes thereof. There is, there-
fore, a pressing necessity for the inception and 
completion of more targeted clinical trials. Such 
research endeavors can serve as a beacon, offer-
ing broader references and spawning a wider 
array of analgesic options tailor-made for this 
vulnerable segment of the population. The sub-
sequent Table 1 encapsulates an overview that 
distills the purported merits and potential limi-
tations of various analgesic agents earmarked for 
postoperative pain management in the context 
of colorectal surgery among the elderly.

Analgesic Technique

Epidural Analgesia

Epidural analgesia, a technique involving the 
administration of analgesic agents (typically 
low doses of local anesthetics and opioids) into 
the epidural space, effectively blocks the trans-
mission of pain signals to the cerebral cortex, 
thereby inducing analgesia. This procedure 
poses an array of benefits when applied to post-
operative pain management in colorectal sur-
geries. According to certain research findings, 
epidural analgesia may not only enhance over-
all survival rates but also exhibit no significant 
correlation with increased instances of cancer 
recurrence [107, 108]. Recognized as the stand-
ard bearer for postoperative pain relief follow-
ing open colorectal surgery, epidural analge-
sia is lauded for ensuring comprehensive pain 
control, facilitating gastrointestinal recovery, 
and reducing complications related to pulmo-
nary functions as well as curtailing the length 
of hospital stays [44, 109–111]. Conversely, the 
deployment of epidural analgesia in the context 
of laparoscopic colorectal procedures is a subject 
of debate—while deemed a safe practice, it has 
been associated with a spike in hospital costs, 
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extended durations of hospital admission, and 
a higher prevalence of urinary tract infections 
and incidents of hypotension [112–115]. In stark 
contrast, a multivariate analysis delving into the 
contributions of epidural analgesia to the con-
valescence process following colorectal surger-
ies suggested that, for open procedures, epidural 
analgesia might amplify occurrences of bowel 
obstruction and extend hospitalization periods, 
yet it appears to exert no discernible impact on 
the recovery trajectory of laparoscopic interven-
tions [116]. These mixed findings cast a modi-
cum of doubt regarding the role of epidural anal-
gesia in promoting the rehabilitation of patients 
who have undergone colorectal surgeries [116, 
117]. Despite its established place as a corner-
stone in pain management strategies, epidural 
analgesia is not devoid of risks; potential signif-
icant adverse events include the formation of 
epidural hematomas, permanent nerve damage, 
and instances of cardiac arrest precipitated by 
accidental intravascular injection of analgesic 
medications [118]. Notably, research focusing 
specifically on the utility of epidural analgesia 
in geriatric colorectal surgery patients is limited, 
with most existing studies not making explicit 
age-based distinctions. Due to physiological 
shifts that occur with aging (such as the reduc-
tion of myelinated nerve fibers and the compro-
mised functionality of the liver and kidneys) 
the elderly population may exhibit heightened 
sensitivity to local anesthetics and experience 
prolongation in drug half-lives.

To encapsulate, while epidural analgesia is 
deemed potentially advantageous for those 
recovering from open colorectal surgeries, its 
advisability for laparoscopic surgeries remains 
questionable, particularly when alternative anal-
gesic options, like the transversus abdominis 
plane block, are accessible [119]. Consequently, 
there is an imperative need for additional 
research dedicated to the application of epidural 
analgesia in the senior cohort undergoing colo-
rectal surgery, to furnish robust, high-quality 
evidence that can guide clinical practice.

Intrathecal Analgesia

Intrathecal analgesia, which involves the 
administration of analgesics such as morphine 

or diacetylmorphine directly into the subarach-
noid space, is designed to target the spinal cord 
sites directly and inhibit the transmission of 
pain signals to the cerebral cortex, resulting 
in effective pain relief. Clinical studies have 
attested to its ability to provide superior anal-
gesia, reduce dependency on opioids, and sub-
sequently improve prognostic outcomes for 
patients who have undergone colorectal sur-
geries [120–123]. This technique is particularly 
beneficial in the context of laparoscopic colo-
rectal surgeries, where it has been shown to 
efficiently attenuate visceral pain better than 
ultrasound or laparoscopy-guided transversus 
abdominis plane (TAP) blocks, without con-
comitantly escalating postoperative compli-
cations such as ileus or prolonged hospitali-
zation [124–126]. Moreover, when compared 
with epidural analgesia, intrathecal analgesia 
has been linked with a faster resumption of 
normal activities and shorter postoperative 
hospital stays following laparoscopic colorectal 
procedures [127, 128]. Pertinent findings from 
a retrospective examination of 233 elderly 
patients undergoing pancreaticoduodenectomy 
revealed a reduction in overall opioid con-
sumption, decreased hospital stay lengths, and 
enhanced functional recovery associated with 
the use of intrathecal analgesia [129]. Despite 
these promising outcomes, the field lacks a 
consensus regarding the optimal dosage of 
analgesic drugs required to maximize the effi-
cacy of intrathecal analgesia [130]. Although 
intrathecal analgesia serves as a powerful pain 
management tool, practitioners must be mind-
ful of the increased risk of side effects such as 
somnolence, respiratory depression, and pruri-
tus [131, 132]. Specific drugs, like nalbuphine, 
have been identified to counteract the pruritus 
induced by intrathecal administration in cases 
such as labor pain relief [133].

To encapsulate, intrathecal analgesia repre-
sents an effective method for controlling pain 
during laparoscopic colorectal procedures, but 
evidence to support its use in open colorectal 
surgeries remains sparse. Given that respiratory 
depression constitutes a potentially fatal side 
effect of intrathecal analgesia, stringent moni-
toring is imperative during its application. 
The current body of research underscores the 
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necessity for further high-caliber studies focus-
ing on intrathecal analgesia within the elderly 
patient demographic undergoing colorectal 
surgery. Such research is crucial for elucidating 
the relationship between the types of analge-
sic drugs employed and patient outcomes, as 
well as determining the most appropriate drug 
dosages.

Transverse Abdominal Plane Block

The transversus abdominis plane (TAP) block 
is a regional analgesia technique that delivers 
local anesthetics between the internal oblique 
and transversus abdominis muscles, effectively 
targeting the sensory nerves emanating from 
the lower thoracic (T6) and the first lumbar (L1) 
nerves. This provides analgesia to the anterolat-
eral abdominal wall’s skin, muscles, and parietal 
peritoneum [134]. Moreover, it can be divided 
into three types according to different methods 
of operation. Traditional blind puncture TAP 
block is primarily based on the triangle of petit 
positioning. However, there are some opera-
tion-related risks, such as inadvertent vascular 
injection of local anesthetics, visceral injury, or 
temporary femoral nerve paralysis. These risks 
are particularly accentuated in patients with 
physiological variations such as the elderly, 
who may possess a reduced muscle mass, or in 
obese patients with deeper tissue layers compli-
cating the identification of the correct puncture 
site [135]. The advent of ultrasound-guided TAP 
blocks has elevated the safety and efficacy of 
this technique, though the diffusion and con-
sequent analgesic efficacy of local anesthetics 
can vary based on the injectate’s site and the 
employed method [136]. During the early post-
operative period following colorectal surgery, 
laparoscopic-guided TAP blocks have shown 
superiority over ultrasound-guided approaches 
in terms of pain control and opioid-sparing 
effects, notwithstanding a scarcity of noninferi-
ority research due to the exclusive performance 
of the procedure by surgeons [137–140]. Numer-
ous studies have demonstrated that TAP blocks 
analgesia after laparoscopic colorectal surgery, 
lowers the requirement for opioids, speeds up 
gastrointestinal healing, and shortens hospital 
stays [141–145]. Acknowledging its benefits, the 

TAP block has been embraced as a component of 
multimodal analgesia during laparoscopic sur-
geries in the Guidelines for Perioperative Care in 
Elective Colorectal Surgery [44].

Moreover, compared to epidural analgesia, 
TAP blocks have demonstrated comparable anal-
gesic efficacy and are associated with reduced 
postoperative nausea, vomiting, ileus, and pares-
thesia in patients undergoing laparoscopic colo-
rectal surgery [146]. To surpass the transitory 
nature of a single bupivacaine injection, contin-
uous TAP block with catheter placement or the 
use of liposome-encapsulated bupivacaine can 
prolong analgesia, a strategy that has matched 
the efficacy of epidural analgesia in open colo-
rectal surgery according to cohort studies [147]. 
Some investigations have found perioperative 
pain control with liposomal bupivacaine in TAP 
blocks to be as effective as epidural analgesia 
regardless of the surgical approach, with poten-
tial additional benefits for patient recovery [119, 
137, 148]. However, debates persist concerning 
the cost-effectiveness of liposomal bupivacaine 
compared to traditional formulations [149, 150].

Overall, TAP blocks offer a safe and effective 
analgesic strategy suitable for laparoscopic colo-
rectal surgeries, and may serve as a viable option 
to epidural analgesia, particularly when tradi-
tional routes are contraindicated or undesirable. 
It is essential, however, to recognize that TAP 
blocks are not typically indicated for deep vis-
ceral pain management. Although current evi-
dence substantiates the efficacy of TAP blocks, 
additional studies tailored to the needs of elderly 
patients and comprehensive comparisons with 
epidural analgesia, specifically in the context of 
open colorectal surgeries, are warranted to opti-
mize postoperative pain relief strategies and for-
tify the evidence base.

Wound Infiltration

Wound infiltration analgesia (WI) is an approach 
that administers local anesthetic directly to the 
site of incision, effectively blocking the voltage-
gated sodium channels on the cell membranes 
of peripheral nerve fibers, thereby preventing 
the initiation and transmission of pain signals. 
It may involve either a single injection of a 
local anesthetic at the end of the procedure or a 
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continuous infusion via a catheter placed prior 
to the closing of the incision. Efficacy of WI 
in colorectal surgery is well documented, with 
reduced opioid requirements, shortened hospi-
tal stays, and enhanced postoperative recovery 
among its noted benefits [121, 151, 152]. WI 
has been observed to offer an analgesic effect 
and facilitate postoperative recovery compa-
rable to that of a TAP block in the context of 
laparoscopic colorectal procedures. Its greater 
safety profile, ease of administration, and cost-
effectiveness potentially render it a preferred 
option [153, 154]. Research, including a prospec-
tive study, has indicated that a combination of 
TAP block and WI can achieve exceptional pain 
control while diminishing the need for opioid 
analgesics, mitigating postoperative nausea, 
and promoting faster bowel recovery in com-
parison to the use of WI alone [155]. However, 
recent findings also suggest that the addition of 
a TAP block to WI may not significantly further 
the cause of analgesia and improved prognosis 
[156, 157]. In cases of open colorectal surgery, 
WI has been found to be less effective than epi-
dural analgesia in terms of analgesic impact and 
functional recovery, though it is associated with 
a lower risk of adverse events such as hypoten-
sion [110, 158]. Enhancements in the duration 
and quality of WI analgesia can be achieved by 
incorporating adjuvants such as nalbuphine or 
ketorolac [159]. Notably, while WI carries a risk 
for wound infection and other potential com-
plications like systemic toxicity from the local 
anesthetic (particularly if used concurrently with 
TAP block), or bruising and hematoma from vas-
cular perforation, such incidences are generally 
rare [160].

WI has been proven to augment analgesia and 
decrease reliance on opioids during both laparo-
scopic and open colorectal surgeries. However, 
when employed in isolation for open colorectal 
surgery, WI does not cater to all pain require-
ments since effects are mostly localized to the 
incision area. Hence, its integration with other 
analgesic techniques or agents should be con-
sidered. Owing to its simplicity and safety, WI 
may be deemed a first-line choice for laparo-
scopic colorectal surgeries, yet there is a pressing 
need for more dedicated research to elucidate 
its efficacy specifically within the older patient 

demographic to establish clear evidence-based 
guidelines.

Acupuncture Analgesia

Acupuncture analgesia operates by activating 
the endogenous opioid peptide system, which 
affects the body’s pain regulation systems by 
altering the processing and perception of harm-
ful stimuli at different levels of the central 
nervous system [161]. In the practice of elec-
troacupuncture, following the insertion of acu-
puncture needles, an electroacupuncture device 
is connected to transmit electrical currents 
through the needles. Transcutaneous electrical 
acupoint stimulation (TEAS), on the other hand, 
does not involve needle insertion, but instead 
currents are delivered to the acupoints via sur-
face electrodes similar to transcutaneous electri-
cal nerve stimulation (TENS) [162]. Numerous 
studies have demonstrated that electroacupunc-
ture can reduce the duration of postoperative 
ileus, ambulation time, and demand for postop-
erative analgesia in patients undergoing laparo-
scopic surgery for colorectal cancer [163–166]. 
Likewise, perioperative TEAS has been shown to 
facilitate postoperative recovery of gastrointes-
tinal function, decrease the incidence of postop-
erative gastrointestinal dysfunctions (PGD) and 
postoperative nausea and vomiting (PONV), as 
well as reduce postoperative pain scores and the 
length of hospital stays [167–169]. A randomized 
controlled trial investigating the effects of TEAS 
at the ST36 acupoint on recovery after laparo-
scopic colorectal cancer surgery found that TEAS 
promoted gastrointestinal recovery and reduced 
pain intensity within 48 h post-surgery, address-
ing early postoperative analgesic needs [170]. 
Intriguingly, TEAS has been found to lower the 
incidence of perioperative neurocognitive disor-
ders (PND) when used adjunctively with elderly 
patients [171]. Acupuncture analgesia, integrat-
ing Eastern and Western medical practices, offers 
a safe, effective, and new approach for manag-
ing pain in colorectal surgery patients. When 
considering the multitude of benefits attributed 
to TENS, it appears to hold significant poten-
tial as an auxiliary and complementary therapy 
for postoperative pain. However, due to the 
lack of standardized settings for acupuncture 
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stimulation frequency, duration, and strength, 
and the lack of flexibility in selecting acupoints 
for different surgeries, it remains challenging to 
ascertain the most suitable methods for specific 
patient groups to reduce pain scores and intrave-
nous analgesic consumption. In addition, there 
is a scarcity of literature directly comparing dif-
ferent acupuncture techniques in postopera-
tive pain management. Currently, acupuncture 
is an intriguing adjunctive tool for acute pain 
management. Continuous research on a broader 
patient population may further clarify the role 
of acupuncture in the alleviation of postopera-
tive pain, potentially enriching analgesic care 
strategies for colorectal surgery patients, particu-
larly the elderly.

Indeed, the intricacies of postoperative anal-
gesia for laparoscopic and open colorectal sur-
geries warrant multifaceted consideration, as the 
appropriate strategies differ markedly between 
the two. For laparoscopic colorectal resections, 
modalities such as TAP blocks or WI stand out 
for their safety and efficacy, albeit with the note-
worthy limitation of not addressing visceral 
pain. Contrarily, the use of epidural analgesia 
is often linked to higher hospitalization costs, 
longer stays, and a greater incidence of urinary 
tract infections and hypotension. In the realm 
of open colorectal surgeries, epidural analgesia 
and intrathecal morphine manifest as superior 
alternatives, providing optimal pain relief while 
also aiding in the recuperative process of gas-
trointestinal functions and potentially reducing 
hospitalization duration. The TAP block, particu-
larly when enhanced with catheter insertion or 
liposomal bupivacaine, presents itself as a valu-
able substitute for postoperative pain control if 
epidural or intrathecal analgesia is not viable.

Notwithstanding the choice of analgesic 
technique, each carries its set of challenges. In 
the elderly, the practicality of various analgesic 
interventions may be hindered due to weaken-
ing organ function, comorbid chronic ailments, 
and the intricacies of polypharmacy. There is 
an evident need for more extensive research 
devoted to the application and interplay of dif-
ferent postoperative analgesia strategies in the 
elderly population undergoing colorectal sur-
gery to solidify the evidence base and refine 
analgesic protocols.

Possibility and Prospect of Combining Novel 
Materials with Multimodal Analgesia

Traditional approaches to medication admin-
istration often necessitate high dosages or fre-
quent dosing to achieve therapeutic levels in the 
bloodstream, which can lead to an escalation of 
adverse effects and potential toxicity [172, 173]. 
This is particularly relevant in the management 
of postoperative pain in the elderly, where phys-
iological alterations such as diminished hepatic 
and renal functions preclude the straightforward 
escalation of dosage or repetition of adminis-
tration. Targeting these challenges, there has 
been a significant stride in the development of 
controlled drug delivery systems. These novel 
systems are engineered to precisely regulate the 
distribution of drugs, thereby mitigating the 
incidence of side effects and optimizing thera-
peutic efficacy [174]. Among these innovations, 
hydrogels and nanoparticles have garnered 
attention as the most extensively researched car-
riers for the delivery of analgesic agents.

Hydrogels

Adjustable degradability and the protective 
capacity against drug degradation render hydro-
gels an efficient medium for both temporal and 
spatial control of analgesic release. The unique 
properties of hydrogels, especially those formed 
from biopolymers such as alginate, collagen, and 
chitosan, make them highly suitable for drug 
delivery in elderly patients undergoing colo-
rectal surgery [175–177]. These wound-healing 
hydrogels can doubly function as carriers for 
analgesics, potentially synergizing the wound-
healing and analgesic properties. The character-
istic features of hydrogels make them an attrac-
tive prospect for sustained drug release as part 
of a multimodal approach to pain management 
postoperatively [178].

The concept of using hydrogels to deliver 
analgesics dates back to 1985 when studies 
like that of Westerling et al. noted that rectal 
administration of morphine within hydrogels 
produced higher plasma concentrations with-
out marked side effects, suggesting enhanced 



757Pain Ther (2024) 13:745–766	

and prolonged absorption of the drug [179]. 
Subsequent research on pediatric ENT surgery 
patients found that although hydrogels could 
reduce certain side effects such as nausea and 
dry mouth, they provided less analgesia than 
intramuscular injections [180]. These initial 
findings demonstrated potential in reducing 
opioid-related adverse effects but at some cost 
to analgesic effectiveness.

With the evolution of the multimodal 
approach to postoperative rehabilitation [181], 
the enhancement of perioperative care pathways 
has advanced significantly, culminating in the 
versatile multimodal analgesic techniques of 
today [182, 183]. Compared to the previous 
methods, there are many new ways to reduce 
opioid usage by using hydrogel without decreas-
ing the analgesic effect. There are many new 
options for what drugs to load and how to load 
them.

NSAIDs are a commonly used medicine in 
multi-mode analgesia with a wide receptors dis-
tribution, which results in a high adverse effect. 
Hydrogel-based localized sustained release can 
potentially mitigate these risks. For instance, 
ketorolac, an effective NSAID for postopera-
tive pain control, is limited in use due to its 
short duration and systemic side effects [184]. 
Wu et al.’s development of a ketorolac-eluting 
hydrogel demonstrated elevated local tissue lev-
els of the drug with fewer systemic effects in ani-
mal models [185]. Additionally, NSAIDs can be 
incorporated into pH-sensitive hydrogels opti-
mized for colon-targeted drug delivery, reducing 
upper gastrointestinal side effects and enhanc-
ing bioavailability [186]. This form of targeted 
therapy aligns with enhanced recovery after sur-
gery principles but requires further validation 
for its impact on the rehabilitation of elderly 
postoperative patients.

The extended release of local anesthetics 
using injectable hydrogels has also been exten-
sively explored. Addressing the rapid release 
issue of water-soluble drugs, novel formula-
tions like the self-assembly amphiphilic peptide 
designed by Peng et al. enable the sustained 
release of charged lidocaine molecules through 
controlled biomineralization [187]. Chen et al.’s 
"sequentially releasing" method further inno-
vates pain management by combining clonidine 

and ropivacaine in a composite hydrogel to pro-
long the analgesic effect at the target site [188].

The hydrogel platform’s potential extends 
beyond conventional anesthetics and NSAIDs. 
Novel applications include dexmedetomidine 
delivery, hydrogel-based microneedle devices, 
and polyherbal extracts, each presenting pre-
cise analgesic modalities [189–191]. Beyond pain 
relief, hydrogels also assist in wound healing 
and provide antibacterial, anti-inflammatory, 
and pro-repair benefits that aid in reducing the 
transition from acute to chronic pain—an inval-
uable feature in multimodal pain management 
strategies [18, 192, 193].

Nanoparticle

Nanoparticles have emerged as promising carri-
ers for conventional drugs, effectively address-
ing pharmacokinetic limitations observed in 
long-term drug delivery studies. Their usage in 
the delivery of local anesthetics has been par-
ticularly emphasized due to their excellent bio-
compatibility, biodegradability, and adaptability. 
These attributes have led to successful applica-
tions in postoperative pain management, yield-
ing significant analgesic effects with minimized 
side effects [194].

A novel approach in this domain involves a 
layer-by-layer structure for achieving prolonged 
anesthetic effects. This technique entails loading 
lidocaine into core–shell nanostructured lipid 
nanoparticles, which are subsequently coated 
with chitosan (CS) and hyaluronic acid (HA) to 
facilitate topical analgesia. This innovative drug 
delivery system aims to surmount the intesti-
nal epithelium’s barrier function, offering an 
anesthesia solution characterized by sustained 
release behavior across the intestinal barrier 
[195, 196]. When integrated with sequential 
release mechanisms and multimodal analge-
sia strategies, this approach holds potential to 
significantly enhance treatment outcomes for 
elderly colorectal cancer patients.

Poly (lactic-co-glycolic acid) (PLGA), endorsed 
by the FDA for various therapeutic interventions, 
stands out for its outstanding biocompatibility 
and mechanical properties [197]. Investigations 
by Moraes et al. into ropivacaine-loaded PLGA 



758	 Pain Ther (2024) 13:745–766

nanospheres delineated that such a delivery sys-
tem could markedly attenuate the toxicity usu-
ally associated with ropivacaine formulations. 
The implementation of PLGA microspheres 
proposes a biocompatible strategy capable of 
extending the effective duration of local anes-
thetics [198].

The integration of local anesthetic agents with 
nanoparticles paves the way for responsive and 
controlled drug release mechanisms. Gao et al.’s 
design of hollow mesoporous organosilica nano-
particles (HMONs)-based platforms exemplifies 
this concept. These platforms can be activated 
by acidity or ultrasonic irradiation to dispense 
the drug, providing a controlled and extended 
analgesic effect [199].

Similar to hydrogels, nanoparticles could be 
engineered for responsive release and multi-
layered structures, offering the distinct advan-
tage of enhancing the oral bioavailability of 
drugs [200]. The core principle of multimodal 
analgesia—utilizing a combination of analgesic 
drugs and methods with diverse mechanisms of 
action—aims at maximizing synergistic analge-
sic benefits while minimizing the adverse effects 
of individual drugs. Nanoparticles’ versatility in 
oral administration and the capacity for modi-
fication further support the potential for an 
improved multimodal analgesic approach.

Despite these advancements, the journey 
towards integrating regulated drug delivery sys-
tems into multimodal analgesia faces substantial 
hurdles, including nano-toxicity, immunogenic-
ity, preservation of structural stability, scalabil-
ity, restricted shelf-life stability, complexities 
in delivery system design, elevated production 
costs, challenges in reproducibility, and the dif-
ficulty of detecting drug plasma levels compared 
to traditional methods. These obstacles warrant 
diligent investigation as the field continues to 
evolve.

CONCLUSIONS

The landscape of surgical treatment for elderly 
patients with colorectal cancer has evolved con-
siderably, with the implementation of enhanced 
recovery after surgery (ERAS) protocols becoming 

increasingly predominant. Effective postopera-
tive analgesia emerges as a vital component of 
recovery, particularly for the elderly demo-
graphic. However, the distinct physiological 
characteristics of this age group, coupled with 
the intricacies of pain management, can render 
some standard multimodal analgesia techniques 
less feasible due to pre-existing chronic condi-
tions and extensive polypharmacy. The specific-
ity required in the pain management approaches 
for postoperative colorectal surgery in elderly 
patients necessitates a more targeted focus in 
clinical research. This calls for comprehensive 
multicenter clinical trials aimed at delivering 
higher-quality evidence tailored to the require-
ments of both open and laparoscopic surgeries 
within this population. Discussions surrounding 
the selection of analgesics, determination of safe 
dosages, and a balanced evaluation of the risks 
and rewards associated with various analgesic 
methodologies for the elderly necessitate ongo-
ing exploration and refinement.

Innovative biomaterials, when synergized 
with conventional multimodal analgesics, hold 
exciting potential to broaden the scope of multi-
modal analgesia. By offering superior postopera-
tive relief and mitigating the complexities of dis-
ease–drug and drug–drug interactions pervasive 
among the elderly, these novel materials stand 
to significantly contribute to the enhancement 
of patient outcomes. However, before their wide-
spread adoption, critical factors such as biocom-
patibility, biodegradability, and the economics 
of production must be thoroughly vetted.

In any case, bridging cutting-edge biomateri-
als with established analgesic drugs and tech-
niques heralds a promising frontier for future 
research, potentially revolutionizing the way 
postoperative pain is managed.
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