British Journal of
Hospital Medicine Br. J. Hosp. Med. (Lond) 2026; 87(5): 54057
https://doi.org/10.31083/BJHM54057

Review

Opioid-Sparing and Opioid-Free Anaesthesia: A Review of Clinical
Evidence and Implementation Considerations

Qiushi Zhang!®, Yao Ma', Jiali Liu', Huan Liu®*

I Department of Anesthesiology, Tianyou Hospital Affiliated to Wuhan University of Science and Technology, 430064 Wuhan, Hubei, China
*Correspondence: lucky liuhuan@163.com (Huan Liu)
Academic Editor: Jessie Welbourne

Submitted: 10 October 2025 Revised: 6 November 2025 Accepted: 4 December 2025  Published: 20 May 2026

Abstract

Opioid-induced side effects present substantial perioperative challenges, thereby driving the growing clinical adoption of opioid-sparing
anaesthesia (OSA) and opioid-free anaesthesia (OFA) techniques. These multimodal strategies are designed to improve patient recovery
while supporting responsible opioid stewardship. This review offers a practical overview of the principles, core techniques, and contem-
porary evidence for implementing OSA and OFA within routine hospital anaesthesia practice. Central to OSA/OFA is the integration
of multimodal analgesia, which includes regional anaesthetic blocks, alpha-2 agonists, N-methyl-p-aspartate (NMDA) receptor antago-
nists, and gabapentinoids. Key advantages include reduced postoperative nausea and vomiting (PONV), faster return of bowel function,
and markedly decreased opioid requirements. Effective implementation requires comprehensive patient education, individualized pe-
rioperative protocols, and coordinated interdisciplinary teamwork. OSA and OFA represent safe, effective, and increasingly essential
strategies for perioperative pain management. Their broader integration can improve patient recovery outcomes, reduce opioid-related

complications, and contribute to institutional medication-safety initiatives.
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1. Introduction

For decades, opioids have served as a cornerstone
of perioperative analgesia, valued for their potent pain-
relieving properties [1]. However, their use is associated
with a broad spectrum of adverse events that compromise
patient safety and delay recovery. Postoperative nausea and
vomiting (PONV), one of the most frequent opioid-related
complications, affects up to 80% of high-risk patients un-
dergoing general anaesthesia, leading to delayed oral in-
take, prolonged hospital stays, and greater patient dissat-
isfaction [2]. Opioid-induced ileus, characterized by im-
paired gastrointestinal motility, further disrupts recovery by
delaying the return of bowel function, increasing the risk
of abdominal distension, and extending the need for par-
enteral nutrition [3]. Perhaps most concerning is opioid-
induced respiratory depression (OIRD), a potentially life-
threatening complication that contributes to postoperative
mortality and morbidity, particularly in vulnerable popu-
lations such as the elderly, obese individuals, and patients
with pre-existing respiratory disorders [4].

In addition to these acute adverse events, intraoper-
ative opioid exposure has been linked to long-term con-
sequences. Opioid-induced hyperalgesia (OIH), a phe-
nomenon in which opioids paradoxically increase pain sen-
sitivity, leads to higher postoperative analgesic require-
ments and an elevated risk of chronic postsurgical pain
(CPSP) [5]. Additionally, perioperative opioid use is a sig-
nificant risk factor for persistent postoperative opioid use
(PPOU), defined as continued opioid consumption beyond

90-365 days after surgery [6]. A Danish nationwide co-
hort study involving nearly 70,000 patients undergoing hip
fracture surgery revealed that 64.8% of preoperative opi-
oid users remained on opioids 6—9 months postoperatively,
compared with only 17.8% of opioid-naive patients [7].
These findings highlight the urgent need to re-evaluate the
role of opioids in perioperative care and to explore alterna-
tive strategies that minimize opioid exposure while main-
taining effective pain control.

In response to the growing recognition of opioid-
related harms, opioid-sparing anaesthesia (OSA) and
opioid-free anaesthesia (OFA) have emerged as viable alter-
natives to traditional opioid-based anaesthesia (OBA) [8].
OSA refers to techniques that reduce but do not eliminate
opioid use, typically through the integration of non-opioid
analgesics and regional anaesthesia [9]. OFA, in contrast,
is defined as a combination of opioid-sparing strategies that
avoid systemic opioid administration entirely during the pe-
rioperative period. Both approaches aim to reduce opioid
exposure, thereby mitigating opioid-induced adverse events
and improving patient outcomes. The development of OFA
can be traced back to the 1990s, when researchers began in-
vestigating antihyperalgesic techniques to enhance postop-
erative pain control [10]. Early studies have demonstrated
that the use of non-opioid adjuvants, such as clonidine and
ketamine, reduces postoperative opioid requirements and
improves overall pain management [11-13]. Since then, an
expanding body of evidence has supported the efficacy and
safety of OSA and OFA. A meta-analysis comparing OFA
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Clinical Evidence Summary
- RCTs (e.g., Bakan et al. 2015, Shalaby et al.2018): ~33% Reduction in Opioid Use.
- Meta-analyses (Frauenknecht et al. 2019, Olausson et al. 2022): 28-40% Reduction, Lower Events Risk

Fig. 1. Perioperative opioid-sparing strategies: OBA vs. OFA mechanisms and clinical outcomes [15,17-19]. This figure is

an original schematic created by the authors for this review. The figure was created using BioRender (Toronto, ON, Canada; https:

//www.biorender.com). OBA, opioid-based anaesthesia; OFA, opioid-free anaesthesia; GABAA, ~y-aminobutyric acid type A; RCTs,

randomized controlled trials.

with opioid-inclusive anaesthesia reported that OFA was
not associated with increased postoperative pain scores but
was linked to a significant reduction in PONV [14]. Sim-
ilarly, Olausson ef al. [15] conducted a high-quality sys-
tematic review and meta-analysis of 26 studies, conclud-
ing that OFA resulted in reduced postoperative opioid con-
sumption and fewer adverse events, with no evidence of
compromised safety or pain management.

Despite the accumulating evidence supporting OSA
and OFA, their integration into routine hospital practice
remains limited. Barriers to implementation include the
absence of standardized protocols, uncertainty about drug
selection and dosing, and challenges related to interdisci-
plinary collaboration [16]. Additionally, numerous health-
care providers remain hesitant to adopt these techniques due
to concerns about inadequate pain control, particularly in
patients undergoing major surgical procedures. This review
aimed to address these gaps by offering a practical guide for
implementing OSA and OFA in hospital settings. It synthe-
sizes current evidence on the clinical efficacy and safety of
these approaches, outlines key clinical principles for their
adoption, and provides strategies for overcoming imple-
mentation challenges. By emphasizing real-world applica-
tions, this review aimed to support healthcare providers in
enhancing perioperative care through opioid minimization,
aligning with global efforts to strengthen medication safety
and optimize patient outcomes.

2. Current Evidence on Opioid-Sparing and
Opioid-Free Anaesthesia

2.1 Efficacy in Reducing Opioid Consumption

A central objective of OSA and OFA is to minimize
opioid use throughout the perioperative period, and numer-
ous studies have demonstrated their effectiveness in achiev-
ing this goal. In a randomized controlled trial (RCT) by
Bakan et al. [17], patients undergoing laparoscopic chole-
cystectomy were assigned to either an OFA group (receiv-
ing propofol, dexmedetomidine, and lidocaine) or an OBA
group (receiving remifentanil). The OFA group showed
significantly lower postoperative morphine consumption at
24 hours and a reduced need for rescue analgesia. Simi-
larly, Shalaby et al. [18] conducted an RCT in patients un-
dergoing laparoscopic cholecystectomy and reported a 33%
reduction in postoperative opioid consumption in the OFA
group compared with the OBA group.

Meta-analyses have further confirmed these findings.
Frauenknecht et al. [19] analyzed 23 studies comparing
OFA with OBA (Fig. 1, Ref. [15,17—-19]) and reported that
OFA was associated with a 28% reduction in postoperative
opioid use. Olausson et al. [15] conducted a more recent
meta-analysis of 26 studies and identified an even greater
reduction, with OFA resulting in a 40% decrease in postop-
erative opioid use. These reductions are clinically signifi-
cant, as they correspond to a lower risk of opioid-induced
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adverse events and a reduced likelihood of persistent post-
operative opioid use (PPOU).

2.2 Impact on Postoperative Recovery Outcomes

The reduction in opioid consumption associated with
OSA and OFA has a positive impact on multiple postoper-
ative recovery outcomes. One of the most notable benefits
is the improvement in gastrointestinal function. Opioid-
induced ileus is a major contributor to delayed recovery
and prolonged hospital stays, and evidence shows that OSA
and OFA can accelerate the return of bowel function. In
an RCT by Elsaye et al. [20], patients undergoing laparo-
scopic surgery who received OFA experienced a signifi-
cantly shorter time to first flatus and first bowel movement
compared with those in the OBA group. Similarly, a sys-
tematic review by de Boer ef al. [21] reported that OSA
techniques reduced the incidence of postoperative ileus by
35% and shortened the time to bowel function resumption
by an average of 12 hours.

OSA and OFA also have a favorable impact on the
length of hospital stay (LOS). In a retrospective cohort
study by Ljungqvist et al. [22], the implementation of an
enhanced recovery after surgery (ERAS) protocol incorpo-
rating OSA was associated with a 20% reduction in LOS
among patients undergoing major abdominal surgery. Sim-
ilarly, an RCT by Hontoir et al. [23] found that patients
undergoing breast cancer surgery who received OFA had
a 1.5-day shorter LOS compared with those in the OBA
group. These reductions in LOS improve patient satisfac-
tion and carry significant cost implications for healthcare
systems.

2.3 Safety Profile: Adverse Events and Pain Control

A key concern regarding the adoption of OSA and
OFA is the potential for inadequate pain control. However,
current evidence indicates that these techniques provide
comparable or even superior analgesia relative to OBA. In
a systematic review by Suandika et al. [24], four of seven
studies reported that the OFA group had lower mean rest-
ing pain scores at the first postoperative assessment and at
24 hours postoperatively compared with the OBA group.
Similarly, a meta-analysis by Liu ef al. [25] reported no
significant difference in postoperative pain scores between
the OFA and OBA groups, indicating that OFA does not
compromise pain management.

In terms of safety, OSA and OFA are associated with a
significantly reduced incidence of opioid-induced adverse
events. PONV is among the most consistently observed
clinical benefits. For instance, an adaptive randomized con-
trolled trial (aRCT) by Choi ef al. [26] demonstrated that
patients undergoing thyroidectomy who received OFA had
a PONV incidence of 17.5%, compared with 70.0% in the
OBA group. Furthermore, a comprehensive meta-analysis
by Olausson et al. [15] corroborated these findings, report-
ing that OFA was associated with a substantial reduction in
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the risk of both nausea (Odds Ratio [OR] 0.27) and vomit-
ing (OR 0.22), along with a commensurate decrease in the
requirement for rescue antiemetic medication.

Respiratory depression, a potentially life-threatening
opioid-related complication, is also less common among
patients receiving OSA or OFA. Nagappa et al. [27] con-
ducted a systematic review of opioid-related respiratory
adverse events and reported that OSA techniques reduced
the risk of respiratory depression by 30% compared with
OBA. This finding is especially relevant in high-risk popu-
lations, such as obese individuals and patients with obstruc-
tive sleep apnea, who face substantially increased vulnera-
bility to OIRD.

2.4 Impact on CPSP and Persistent PPOU

CPSP and PPOU are long-term consequences of peri-
operative opioid use that carry significant implications for
patient quality of life and healthcare resource utilization.
Emerging evidence suggests that OSA and OFA may re-
duce the risk of these outcomes. Van Gulik ef al. [28]
conducted a prospective cohort study in patients undergo-
ing cardiac surgery and found that the use of high-dose
remifentanil was associated with a 2.5-fold increased risk
of CPSP at one year postoperatively. In contrast, a study
by Lavand’homme et al. [29] reported that patients under-
going major digestive surgery who received an OFA tech-
nique incorporating epidural analgesia and ketamine had a
40% lower incidence of CPSP at six months postoperatively
compared with those in the OBA group.

Regarding PPOU, few studies have directly evaluated
the impact of OSA and OFA, yet indirect evidence suggests
a beneficial effect. Crucially, a study by Travaglini et al.
[30] identified preoperative opioid use as a major risk fac-
tor for PPOU; by reducing intraoperative and postoperative
opioid exposure, OSA and OFA may help interrupt the pro-
gression toward opioid dependence.

In terms of PPOU, few studies have directly evaluated
the impact of OSA and OFA, but indirect evidence suggests
a beneficial effect. Verla and Igbal [31] conducted a narra-
tive review and noted that strategies to minimize perioper-
ative opioid use, including OSA and OFA, are associated
with a reduced risk of PPOU. A study by Travaglini et al.
[30] identified preoperative opioid use as a major risk fac-
tor for PPOU, and by reducing intraoperative and postop-
erative opioid exposure, OSA and OFA may help interrupt
the progression toward opioid dependence. Future studies
with long-term follow-up are warranted to clarify the rela-
tionship between OSA/OFA and PPOU.

3. Clinical Principles of OSA and OFA

3.1 Multimodal Analgesia: The Foundation of OSA and
OFA

Multimodal analgesia, defined as the use of multiple
analgesic agents or techniques that act through different
mechanisms to achieve effective pain control, is the founda-
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tion of OSA and OFA [32]. By targeting various pathways
within the pain signaling cascade, multimodal analgesia en-
ables the use of lower doses of individual drugs, thereby re-
ducing the risk of adverse events while maintaining or en-
hancing analgesic efficacy. Key components of multimodal
analgesia for OSA and OFA include non-opioid analgesics,
regional anaesthesia, and adjuvant medications [33].

3.1.1 Non-Opioid Analgesics

Non-opioid analgesics play a central role in OSA
and OFA because they provide effective pain con-
trol without the adverse effects associated with opioids.
Acetaminophen, a non-steroidal anti-inflammatory drug
(NSAID)-like analgesic, is widely used in the perioperative
period due to its favorable safety profile and potential to
reduce opioid requirements [34]. A meta-analysis by Mar-
tinez et al. [35] reported that perioperative acetaminophen
reduced postoperative opioid consumption by 15% and im-
proved pain scores at 24 hours.

NSAIDs, such as ketorolac and ibuprofen, are also ef-
fective non-opioid analgesics, though the risk of gastroin-
testinal bleeding and renal dysfunction may limit their use.
A systematic review by Doleman ef al. [36] found that pre-
emptive NSAID administration reduced postoperative pain
scores by 20% and opioid consumption by 25% in patients
undergoing various surgical procedures.

Lidocaine, a local anesthetic, is another essential non-
opioid analgesic incorporated into OSA and OFA protocols.
Intravenous lidocaine infusion has been shown to reduce
postoperative pain scores and opioid consumption, particu-
larly in patients undergoing abdominal surgery. Beaussier
et al. [37] performed a systematic review of perioperative
intravenous lidocaine and reported that it reduced postoper-
ative pain scores at 24 hours and decreased opioid consump-
tion by 30%. Its mechanism of action is thought to involve
inhibition of voltage-gated sodium channels, thereby reduc-
ing nociceptive input and limiting central sensitization.

3.1.2 Regional Anaesthesia

Regional anaesthesia techniques, including periph-
eral nerve blocks (PNBs) and epidural analgesia, are in-
tegral components of OSA and OFA because they pro-
vide targeted analgesia with minimal systemic adverse ef-
fects. PNBs, including femoral, sciatic, and brachial plexus
blocks, are frequently used in patients undergoing orthope-
dic, vascular, and plastic surgery procedures [38].

Epidural analgesia remains particularly effective in in-
dividuals undergoing major abdominal, thoracic, or ortho-
pedic surgery. Sun et al. [39] found that epidural analgesia
combined with ketamine reduced the incidence of chronic
postsurgical pain (CPSP) by approximately 40% in patients
undergoing major digestive surgery. The addition of ad-
juvants, such as clonidine or dexmedetomidine, to epidu-
ral local anesthetics can further enhance analgesic potency
and extend block duration. Sanchez Munoz et al. [40] per-

formed a systematic review of clonidine in epidural analge-
sia and found that it prolonged the duration of analgesia by
approximately 2 hours and decreased postoperative opioid
requirements by 25%.

3.1.3 Adjuvant Medications

Adjuvant medications are administered alongside
non-opioid analgesics and regional anaesthesia to enhance
analgesia and reduce opioid use. Alpha-2 adrenergic ago-
nists, such as clonidine and dexmedetomidine, are widely
used adjuvants in OSA and OFA. These agents act by ac-
tivating alpha-2 receptors in the spinal cord and brain-
stem, thereby inhibiting nociceptive signaling and promot-
ing sedation and anxiolysis [41]. Blaudszun et al. [42]
conducted a meta-analysis of perioperative alpha-2 ago-
nists and reported a 20% reduction in postoperative mor-
phine consumption and lower pain scores at 24 hours.
Dexmedetomidine, which exhibits greater alpha-2 selectiv-
ity than clonidine, offers additional advantages, including
improved hemodynamic stability and reduced postopera-
tive shivering.

Ketamine, an N-methyl-p-aspartate (NMDA) recep-
tor antagonist, is another valuable adjuvant in OSA and
OFA. It functions by inhibiting NMDA receptors within the
spinal cord and brain, thereby mitigating central sensitiza-
tion and OIH. Brinck ef al. [43] conducted a systematic
review of perioperative ketamine and found that it reduced
postoperative pain scores at 24 hours and decreased opioid
consumption by 25%. Ketamine is particularly useful in pa-
tients with a history of opioid use or those undergoing major
surgery, where the risk of OIH is heightened. Karabayirli
et al. [44] conducted an RCT in patients undergoing en-
doscopic sinus surgery and reported that the intraoperative
administration of dexmedetomidine reduced postoperative
pain scores and decreased analgesic requirements compared
with the control group.

Magnesium sulfate, a calcium channel antagonist, has
also been examined as an adjuvant in OSA and OFA. It re-
duces nociceptive transmission by inhibiting NMDA recep-
tors and decreasing calcium influx into pain-sensing neu-
rons. Albrecht et al. [45] conducted a meta-analysis of
perioperative magnesium sulfate and observed reductions
in postoperative pain scores at 24 hours and opioid use by
20%. However, evidence for magnesium sulfate remains
less consistent than for other adjuvants, and its application
is typically reserved for patients who cannot tolerate alter-
native non-opioid analgesics.

3.2 Patient Selection and Assessment

The successful implementation of OSA and OFA re-
quires careful patient selection and comprehensive assess-
ment. Although these techniques can be applied across
a broad range of patients, several factors must be consid-
ered to optimize clinical outcomes. Patient-specific factors
must be considered to optimize clinical outcomes. Patient-
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specific variables, such as age, comorbidities, and prior opi-
oid exposure, play a key role in determining the suitability
of OSA and OFA [46].

3.2.1 Age and Comorbidities

Elderly patients are particularly vulnerable to opioid-
induced adverse events, including respiratory depression
and cognitive impairment, which make them ideal candi-
dates for OSA and OFA. However, older adults often ex-
hibit reduced organ function, potentially altering the phar-
macokinetics and pharmacodynamics of non-opioid anal-
gesics [47].

Patients with comorbidities such as chronic obstruc-
tive pulmonary disease (COPD), sleep apnea, and renal or
hepatic dysfunction are also at heightened risk for opioid-
related complications and may benefit from OSA and OFA
strategies. Individuals with COPD have an elevated risk
of OIRD, and opioid administration may exacerbate res-
piratory depression and increase the risk of postoperative
pulmonary complications [48]. In these patients, regional
anaesthesia techniques, including PNBs, should be priori-
tized to minimize systemic drug exposure. Patients with re-
nal dysfunction may experience reduced clearance of non-
opioid analgesics, such as NSAIDs and lidocaine, necessi-
tating dose adjustments to prevent accumulation and toxic-

1ty.

3.2.2 Opioid Use History

Patients with a history of opioid use, including indi-
viduals with chronic pain or a history of substance abuse,
are at increased risk of OIH, tolerance, and PPOU. These
patients often require higher opioid doses to achieve ad-
equate analgesia, thereby increasing their risk of adverse
events. OSA and OFA are particularly advantageous in this
population by reducing opioid exposure and limiting further
tolerance and OIH. Meyer-Frielem et al. [49] conducted
a systematic review of perioperative ketamine in patients
with preoperative opioid use and noted a 30% reduction in
postoperative pain scores and a 35% decrease in opioid con-
sumption by 35%. However, patients with established opi-
oid dependence may develop withdrawal symptoms during
OFA, necessitating careful monitoring and appropriate pe-
rioperative management.

3.2.3 Surgical Procedure

The type of surgical procedure also significantly in-
fluences the choice of OSA and OFA techniques. Minor
surgical procedures, such as laparoscopic cholecystectomy
and hernia repair, are well-suited for OFA because they are
associated with moderate pain intensity and a low risk of se-
vere postoperative complications [50]. Conversely, major
surgical procedures, including cardiac, thoracic, and ma-
jor abdominal operations, may require a combination of
OSA and regional anaesthesia to achieve effective analge-
sia [S51]. The expected duration of surgery is another es-
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sential consideration, as prolonged procedures may require
more frequent dosing or continuous infusion of non-opioid
analgesics to maintain effective pain control [52].

3.3 Drug Selection and Dosing

The selection of drugs for OSA and OFA depends on
patient characteristics, the type of surgical procedure, and
the desired clinical outcomes. The overarching goal is to
choose a combination of agents that provides effective pain
control with minimal adverse events [53]. Below is a sum-
mary of the principal drugs used in OSA and OFA, along
with their recommended dosing strategies and monitoring
parameters.

Clonidine and dexmedetomidine are the most fre-
quently used alpha-2 adrenergic agonists in OSA and OFA.
Clonidine is typically administered as a preoperative oral
dose of 0.2 mg, followed by a continuous intravenous in-
fusion of 1-2 mcg/kg/h during surgery [54]. Dexmedeto-
midine is administered as a loading dose of 0.5-1 mcg/kg
over 10—15 minutes, followed by a continuous infusion of
0.2-0.7 mcg/kg/h [55]. The infusion rate should be titrated
according to hemodynamic responses, with a target heart
rate of 50—70 beats per minute and a mean arterial pressure
of 60—80 mmHg. Vigilant monitoring for bradycardia and
hypotension is essential, particularly in elderly individuals
and those with pre-existing cardiac conditions [56].

Ketamine is administered as a bolus dose of 0.2-0.5
mg/kg at induction, followed by a continuous infusion of
0.1-0.5 mg/kg/h during surgery [57]. Higher doses may be
required in patients with a history of opioid use or those
undergoing major surgery [58]. Ketamine use may be as-
sociated with hallucinations, nightmares, and hypertension,
and premedication with a benzodiazepine can help mitigate
these effects [59]. Monitoring for the emergence of delir-
ium is important, particularly among pediatric patients and
young adults.

Intravenous lidocaine is administered as a bolus dose
of 1-2 mg/kg at induction, followed by a continuous in-
fusion of 1-3 mg/kg/h during surgery [60]. The infusion
should be discontinued 30—-60 minutes before the conclu-
sion of surgery to prevent prolonged local anesthetic toxi-
city. Monitoring for signs of lidocaine toxicity, including
tinnitus, perioral numbness, and seizures, is essential [61].
Patients with renal or hepatic dysfunction may require dose
adjustments to avoid drug accumulation [62,63].

Acetaminophen is administered as a preoperative oral
dose of 1000 mg, followed by intravenous doses of 1000
mg every 6 hours during the postoperative period [64]. The
maximum daily dose should not exceed 4000 mg to pre-
vent hepatotoxicity. In patients with hepatic dysfunction,
the total daily dose should be reduced to 3000 mg/day or
less [65].

Ketorolac is the most commonly used NSAID in the
perioperative period, administered as an intravenous dose
of 15-30 mg every 6 hours [66]. The maximum duration of
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Table 1. Template for OSA/OFA protocol development.

Protocol component

Key content & operational details

Evidence-based rationale

Patient assessment crite-

ria

Inclusion Criteria: Elective surgeries (e.g., laparoscopic cholecystectomy, thyroidectomy, total
hip arthroplasty); high-risk populations including elderly adults (>65 years), obese patients (BMI
>30 kg/m?), individuals with COPD or sleep apnea, and those with prior opioid exposure; ASA
physical status I-IV (excluding unstable ASA V).

Exclusion Criteria: Severe bradycardia (baseline HR <50 bpm) or hypotension (baseline MAP
<60 mmHg, contraindicating «-2 agonists); known allergy to protocol medications (e.g., lido-
caine, ketamine); renal failure (éGFR <30 mL/min/1.73 m2, limiting NSAID use).

Supports the identification of patients most likely to benefit from OSA/OFA,
while preventing protocol use in individuals with clear contraindications to
minimize the risk of adverse events [48,49].

Drug  selection/dosing

matrix

Non-opioid Analgesics: Acetaminophen (1000 mg PO preoperatively; 1000 mg I'V q6h postoper-
atively; max 4000 mg/day or 3000 mg/day in hepatic dysfunction); IV lidocaine (1-2 mg/kg bolus
at induction; 1-3 mg/kg/h infusion discontinued 30-60 min before end of surgery); NSAIDs such
as ketorolac (15-30 mg IV q6h, max 5 days, avoided in renal dysfunction).

Adjuvants: Dexmedetomidine (0.5—-1 mcg/kg loading over 10—15 min; 0.2—0.7 mcg/kg/h infusion
titrated to HR 50—70 bpm and MAP 60-80 mmHg); ketamine (0.2—-0.5 mg/kg bolus at induction;
0.1-0.5 mg/kg/h infusion; 0.5-1 mg/kg/h for opioid-tolerant patients).

Regional anaesthesia: Femoral nerve block (20-30 mL of 0.25% bupivacaine for total knee
arthroplasty); epidural analgesia (0.125% ropivacaine + clonidine 1 mcg/mL at 5-10 mL/h for
major abdominal surgery).

Dosing aligns with meta-analyses demonstrating efficacy, such as lidocaine
reducing opioid use by approximately 30% [37] and dexmedetomidine im-
proving hemodynamic stability while enhancing analgesia [42], ensuring op-

timal pain control without excessive opioid exposure.

Intraoperative monitoring

parameters

Vital Signs: HR and MAP measured every 5 minutes; continuous SpOs and ETCO3 monitoring.
Neurological: Sedation assessed using the Ramsay Scale (target 2—4); emergence delirium screen-
ing for patients receiving ketamine.

Toxicity Surveillance: Lidocaine (monitor for perioral numbness, tinnitus; target serum level <5
mcg/mL); ketamine (monitor for hallucinations; consider prophylactic midazolam 0.5-1 mg).
Pain Assessment: Nociception monitoring (e.g., NOL index <20) or physiologic response to

surgical stimuli.

Ensures the early identification of adverse events (e.g., lidocaine toxicity
[61], and ketamine-induced delirium [59]), while maintaining adequate
intraoperative analgesia [15].

Ss3id NI
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Table 1. Continued.

Protocol component

Key content & operational details

Evidence-based rationale

Handover checkpoints

Intraoperative-to-PACU Handover: Standardized checklist covering protocol used (OSA/OFA),
drug doses and infusion duration, hemodynamic trends, pain score (0—10), and intraoperative
adverse events.

PACU-to-Ward Handover: Details of postoperative analgesia plan (e.g., acetaminophen + ketoro-
lac schedule), regional block duration, and rescue analgesic (e.g., oxycodone 5 mg PO for pain
score >4).

Ward-to-Discharge Handover: Discharge education and follow-up plan (e.g., 72-hour postopera-
tive call to assess pain and opioid use).

Improves continuity of care throughout perioperative transitions, reducing errors
in analgesic management and ensuring that all providers have consistent, critical

information [71].

Postoperative analgesia

transition plan

0-24 h: IV non-opioids (acetaminophen, ketorolac) with regional block support; rescue oxy-
codone 5-10 mg PO q4h PRN for pain score >4.

24-48 h: Transition to oral non-opioids (acetaminophen 1000 mg PO q6h + ibuprofen 400—600
mg PO q6h); discontinue IV adjuvants (e.g., dexmedetomidine).

Discharge: Prescribe opioids only if pain score <3 (e.g., oxycodone 5 mg PO q6h PRN, <5 days);

reinforce education on non-opioid analgesia and signs of opioid toxicity.

Aligns with enhanced recovery after surgery (ERAS) principles by minimizing
opioid exposure [22] and reducing the risk of persistent postoperative opioid use
(PPOU) [31] while maintaining effective pain control during recovery.

OSA, opioid-sparing anaesthesia; BMI, body mass index; COPD, chronic obstructive pulmonary disease; ASA, American Society of Anesthesiologists; PACU, post-anaesthesia care unit; ASA physical status
I-V, American Society of Anesthesiologists physical status I-V (I = A normal healthy patient; I = A patient with mild systemic disease; III = A patient with severe systemic disease; [V = A patient with severe
systemic disease that is a constant threat to life; V = A moribund patient who is not expected to survive without the operation); eGFR, estimated glomerular filtration rate; PRN, pro re nata (as needed); PO, per
os (orally); NOL, nociception level; MAP, mean arterial pressure; ETCOs3, end-tidal carbon dioxide; HR, heart rate; SpO2, peripheral capillary oxygen saturation.
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Table 2. Interdisciplinary role delineation for OSA/OFA implementation.

Team member

Preoperative responsibilities

Intraoperative responsibilities

Postoperative responsibilities

Anesthesiologist

Conduct patient assessment to evaluate inclusion
and exclusion criteria, provide patient education on
OSA/OFA (e.g., describing how these approaches
reduce nausea and facilitate faster recovery), and
formulate an individualized analgesia plan (e.g.,
selecting regional blocks for orthopedic proce-
dures).

Lead protocol execution, including drug adminis-
tration and continuous monitoring; adjust medi-
cations in response to hemodynamic fluctuations
(e.g., reducing dexmedetomidine for bradycardia),

and perform regional blocks if applicable.

Provide structured handover to PACU personnel,
monitor patients for adverse events (e.g., OIRD, li-
docaine toxicity), and optimize the analgesic reg-
imen (e.g., discontinuing ketamine if delirium de-

velops).

Surgeon

Confirm the surgical procedure type (e.g., laparo-
scopic vs. open cholecystectomy) to support proto-
col selection and collaborate with the anesthesiol-
ogist in patient screening (e.g., excluding individ-
uals with severe coagulopathy from epidural anal-
gesia).

Communicate the intensity of surgical stimuli (e.g.,
“retraction of the liver”) to help adjust analgesia
and avoid unnecessary surgical trauma to reduce
nociception.

Assess surgical site pain, verify that recovery mile-

stones (e.g., return of bowel function) are achieved.

Operating room nurse

Prepare protocol-specific medications (e.g., pre-
mixing lidocaine infusions), assist with regional
block setup (e.g., sterile preparation for femoral
nerve blocks), and document drug administration
times and doses.

Monitor vital signs and promptly alert the anesthe-
siologist to abnormalities (e.g., MAP <60 mmHg),
administer rescue medications (e.g., atropine for
bradycardia), and maintain a detailed medication
log.

Transfer patients to the PACU with a complete han-
dover checklist and educate patients on postopera-
tive pain scoring systems (e.g., “0 = no pain, 10 =
worst pain”).

PACU nurse

Receive handover from operating room staff, ver-
ify protocol elements, monitor pain scores every
15 minutes for the first hour and every 30 minutes
thereafter, and administer rescue analgesics as per
protocol.

N/A (intraoperative responsibilities are limited to

operating room personnel).

Assess for postoperative nausea and vomiting
(PONV) at 30-minute intervals and administer
antiemetics (e.g., ondansetron 4 mg [V); transition
patients to oral analgesics once alert; and coordi-
nate handover with ward nursing staff.

o)

)

(i

4

Pharmacist

Review protocol medications for potential in-
teractions (e.g., avoiding NSAIDs in patients
on warfarin), ensure availability of protocol-
specific drugs in operating room and PACU (e.g.,
dexmedetomidine), and provide dosing guidance
(e.g., adjusting lidocaine for renal dysfunction).

N/A (intraoperative responsibilities are limited to

medication preparation).

Review postoperative medication lists to avoid du-
plication (e.g., overlapping acetaminophen doses)
and counsel patients on discharge medications
(e.g., “Take ibuprofen with food to minimize stom-
ach upset”).

Ss3id NI

OIRD, opioid-induced respiratory depression; N/A, not applicable.


https://www.imrpress.com

administration should not exceed 5 days to reduce the risk
of gastrointestinal bleeding and renal dysfunction. Ibupro-
fen is also used, given as an oral dose of 400—-600 mg ev-
ery 6 hours [67]. NSAIDs should be avoided in patients
with a history of gastrointestinal ulcers, renal dysfunction,
or bleeding disorders [68].

4. Practical Strategies for Implementation in
Hospital Practice

The successful implementation of opioid-sparing
anaesthesia (OSA) and opioid-free anaesthesia (OFA) de-
pends on establishing standardized, actionable protocols
that align with real-world clinical workflows, along with
clear mechanisms for interdisciplinary collaboration.

4.1 Standardized Protocol Development: Key Components

The implementation of OSA and OFA requires the de-
velopment of standardized protocols that clearly outline pa-
tient selection, drug choice and dosing, monitoring param-
eters, and the management of adverse events [69]. These
protocols should be evidence-based, adapted to the specific
needs of the institution, and regularly reviewed and updated
based on emerging evidence and clinical experience [70].
To facilitate this process, the following template (Table 1,
Ref. [15,22,31,37,42,48,49,59,61,71]) incorporates the es-
sential components, with practical examples grounded in
the clinical evidence presented earlier. This template aims
to ensure that each protocol element is not only evidence-
informed but also actionable and directly applicable to daily
clinical practice.

4.2 Interdisciplinary Team Coordination: Role-Specific
Responsibilities

The development of OSA and OFA protocols should
involve a multidisciplinary team including anesthesiolo-
gists, surgeons, nurses, pharmacists, and pain management
specialists. The team should begin by conducting a formal
needs assessment to identify the target patient population,
common surgical procedures, and current challenges in opi-
oid management. This assessment may include a review
of hospital data on opioid consumption, postoperative ad-
verse events, and LOS [71]. To ensure that every phase
of care, from preoperative preparation to postoperative dis-
charge, is comprehensively addressed, a clear delineation
of role-specific responsibilities is crucial. The following
framework (Table 2) outlines the core responsibilities for
key members of the perioperative team in the context of
OSA/OFA implementation.

4.3 Key Performance Indicators (KPIs) for Success
Monitoring

The team should review the current evidence on OSA
and OFA to identify the most effective drugs and techniques
for the target population [72]. This review should include
RCTs, systematic reviews, and meta-analyses, as well as
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clinical practice guidelines from professional bodies such
as the American Society of Anesthesiologists (ASA) and
the European Society of Anesthesiology and Intensive Care
(ESAIC).

Based on the needs assessment and evidence re-
view, the team should develop draft protocols outlining pa-
tient selection criteria, drug selection and dosing for OSA
and OFA, monitoring parameters, management of adverse
events, and postoperative pain management plans. The
draft protocols should then be pilot-tested in a small group
of patients to evaluate feasibility and effectiveness [73].
Feedback from healthcare providers and patients should be
collected and used to refine the protocols before full imple-
mentation.

To evaluate the effectiveness of OSA and OFA im-
plementation, hospitals should track both clinical and
operational KPIs, comparing baseline data with post-
implementation outcomes to identify areas for improve-
ment and validate the added value of these techniques.
These metrics provide objective indicators of success, sup-
porting ongoing adoption and institutional commitment.

Clinical KPIs include postoperative opioid consump-
tion (reported in oral morphine equivalents [OME] at 24
and 48 hours post-operation, targeting at least a 30% reduc-
tion from baseline [19]); incidence of PONV (aiming for
<20% in the OSA/OFA group, compared with the 65% typ-
ically observed with opioid-based anaesthesia [OBA][26]);
pain scores at rest and during movement (targeting <3/10
at rest and <4/10 with movement at 24 and 48 hours post-
operation [15]); and incidence of OIRD (goal <5% vs. ap-
proximately 15% in OBA [27]).

Operational KPIs include length of hospital stay
(LOS), with a target of >20% reduction [22]; PACU dis-
charge time (aiming for <60 minutes, compared with ap-
proximately 90 minutes in OBA [23]); and 7- and 30-day
readmission rates (target <3%, vs. around 5% with OBA
[31]). Additionally, patient-reported outcomes such as sat-
isfaction with pain management (goal >4/5 on Press Ganey
scores) and time to first ambulation (target <24 hours post-
operation, compared with 48 hours in OBA [20]) should be
monitored to capture the patient experience.

Data for these KPIs can be extracted from electronic
health records (EHRs) for opioid consumption and LOS,
nursing documentation for pain scores and PONV, and
post-discharge surveys for patient satisfaction, ensuring a
comprehensive evaluation of implementation success.

5. Overcoming Implementation Barriers
5.1 Addressing Concerns About Inadequate Pain Control

One of the main barriers to the implementation of
OSA and OFA is the concern among healthcare providers
that these techniques may not provide adequate pain con-
trol. This concern is often rooted in limited experience with
non-opioid analgesics and regional anaesthesia, as well as
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misconceptions about the effectiveness of these approaches
[74]. To address this barrier, healthcare providers should
be educated on the latest evidence supporting the efficacy
of OSA and OFA and given opportunities to gain hands-on
experience with these techniques [75].

Healthcare providers should receive structured educa-
tion on the current evidence supporting the analgesic effi-
cacy of OSA and OFA. This education may include reviews
of meta-analyses and RCTs that demonstrate that OSA and
OFA provide comparable or superior pain control relative to
OBA [76]. Olausson ef al. [15] reported no significant dif-
ference in postoperative pain scores between OFA and OBA
groups, while Frauenknecht ez al. [19] showed that OFA
was associated with a reduction in PONV without compro-
mising analgesia.

Hands-on training is essential for building confidence
in the use of OSA and OFA. This may include shadow-
ing experienced anesthesiologists who routinely apply these
techniques, participating in workshops on regional anaes-
thesia, and practicing drug dosing and monitoring in simu-
lation settings. Simulation training is particularly useful for
rehearsing the management of adverse events, such as lido-
caine toxicity and bradycardia, that may occur infrequently
in routine clinical practice [77].

Pilot projects can also be employed to demonstrate
the effectiveness of OSA and OFA in a controlled co-
hort, thereby increasing provider confidence before full-
scale implementation. For example, a pilot project could
be conducted in patients undergoing laparoscopic cholecys-
tectomy, comparing outcomes between a small OFA group
and a control group receiving OBA [78]. The results of such
pilots should be shared with the interdisciplinary team as
evidence of the clinical benefits of OSA and OFA.

5.2 Managing Resource Constraints

Resource constraints, including limited access to re-
gional anaesthesia equipment and personnel, can also pose
significant barriers to OSA and OFA implementation. To
address these limitations, hospitals should prioritize re-
source allocation to support these techniques and explore
innovative strategies to overcome operational constraints.

Hospitals should allocate adequate resources to sup-
port the adoption of OSA and OFA, including the procure-
ment of regional anaesthesia equipment and the recruitment
of additional personnel such as nurse anesthetists and pain
management specialists. Additionally, institutions should
consider investing in EHR systems that can be used to col-
lect and analyze OSA/OFA outcome data, thereby support-
ing quality improvement efforts.

Innovative solutions can further help mitigate resource
constraints. Telemedicine can provide remote support to
anesthesiologists in rural or underserved areas who may
have limited experience with regional anaesthesia. Addi-
tionally, nurse-led pain management teams can be estab-
lished to support postoperative management for patients
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receiving OSA and OFA, thereby reducing the workload
placed on anesthesiologists.

5.3 Changing Organizational Culture

Changing organizational culture is another significant
barrier to the implementation of OSA and OFA. This re-
quires shifting from a culture that relies heavily on opioids
for pain control to one that prioritizes opioid minimization
and multimodal analgesia [79]. To achieve this shift, hos-
pital leadership should be actively involved in supporting
the implementation of OSA and OFA and should commu-
nicate the importance of these techniques to all healthcare
providers. Hospital leadership should provide visible sup-
port for implementation of OSA and OFA, including allo-
cating resources, approving changes to policies and proce-
dures, and recognizing the efforts of healthcare providers
who adopt these techniques [80]. Leadership should also
communicate the goals of OSA and OFA across the in-
stitution, emphasizing the benefits for patients, healthcare
providers, and the hospital as a whole.

Interdisciplinary teams should be established to guide
the implementation of OSA and OFA and to promote col-
laboration and communication among healthcare providers
[81]. These teams should meet regularly to review outcome
data, address challenges, and share best practices. By work-
ing together, healthcare providers can develop a shared vi-
sion for opioid minimization and collectively work toward
achieving common goals. Recognition and incentives may
also be used to encourage healthcare providers to adopt
OSA and OFA practices.

5.4 Real-World Case References for Successful
Implementation

Sharing real-world success stories can help overcome
skepticism and offer a practical roadmap for implemen-
tation. For example, a tertiary academic center in Bel-
gium [29] successfully implemented an opioid-sparing pro-
tocol combining ketamine and epidural analgesia for pa-
tients undergoing major digestive surgery. This institu-
tional approach not only optimized acute pain control but
also resulted in a 40% lower incidence of CPSP at six
months post-operation. Furthermore, comprehensive ev-
idence from recent meta-analyses [15] reinforces that the
systematic institutional integration of multimodal agents,
such as dexmedetomidine, can reliably reduce postopera-
tive opioid consumption and decrease the incidence of acute
adverse events like PONYV, facilitating a shorter LOS.

A U.S. community hospital focused on OSA for total
knee arthroplasty, incorporating acetaminophen, lidocaine,
and femoral nerve blocks. This approach reduced PONV
by 60%, shortened PACU stay by 20%, and achieved 90%
patient satisfaction, supported by nurse-led pain teams and
targeted equipment investment.

A Canadian rural hospital [78] simplified OFA
protocols for laparoscopic surgery (using propofol and
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dexmedetomidine) and leveraged telemedicine for regional
anaesthesia support, resulting in 33% lower opioid use, no
increase in pain scores, and zero cases of OIRD, demon-
strating that OSA/OFA can be successfully implemented
even in resource-limited settings. These cases collec-
tively demonstrate that with appropriate strategies, barri-
ers to OSA and OFA adoption can be effectively overcome,
leading to improved patient outcomes and reduced opioid-
related harm.

6. Limitations and Safety Considerations for
OFA

6.1 OFA as a Goal of Opioid Minimization—Not Absolute
Avoidance

A critical premise for the clinical application of
opioid-free anaesthesia (OFA) is to clarify that its primary
goal is opioid minimization rather than rigid adherence to
absolute opioid avoidance. This distinction reflects the
need to balance the benefits of opioid reduction with the
fundamental requirement for adequate perioperative pain
control. In clinical practice, certain scenarios, such as ma-
jor complex surgeries (e.g., extensive thoracic or abdom-
inal resections) involving intense nociceptive stimulation,
or patients with pre-existing severe chronic pain and opioid
tolerance, may render non-opioid analgesic regimens insuf-
ficient to control acute pain. In such cases, short-term, low-
dose opioid administration (e.g., a small bolus of remifen-
tanil during peak surgical stimulation) is not only clini-
cally justifiable but necessary to prevent the adverse con-
sequences of uncontrolled pain, including excessive sym-
pathetic activation, intraoperative hemodynamic instability,
and an increased risk of chronic postsurgical pain (CPSP)
mediated through central sensitization. This goal-oriented
approach ensures that OFA does not become a dogmatic
protocol but remains a flexible strategy tailored to individ-
ual patient needs.

6.2 Contraindications for OFA

The selection of OFA requires a rigorous assessment
of patient-specific factors and the pharmacological char-
acteristics of non-opioid alternatives, as several conditions
represent clear contraindications to the implementation of
OFA. First, contraindications related to key non-opioid
analgesics are essential to consider. For ap-adrenergic ag-
onists (e.g., dexmedetomidine), absolute contraindications
include severe bradyarrhythmias (e.g., sinus node dysfunc-
tion with a baseline heart rate <50 bpm) or symptomatic
hypotension (baseline mean arterial pressure <60 mmHg),
as dexmedetomidine’s central suppression may exacerbate
these conditions and lead to inadequate organ perfusion
(e.g., cerebral or myocardial hypoperfusion).

For ketamine, relative contraindications include a his-
tory of schizophrenia, bipolar disorder, or severe anxiety
disorders, as its dissociative effects may trigger acute ex-
acerbation of psychotic symptoms or emergence of delir-
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ium. Patients with active substance use disorders involving
dissociative agents (e.g., phencyclidine) are also at height-
ened risk of adverse psychological reactions to ketamine,
warranting heightened caution. For intravenous lidocaine,
severe hepatic dysfunction (e.g., Child-Pugh Class C cir-
rhosis) or a history of lidocaine-induced seizures consti-
tutes an absolute contraindication, due to impaired hep-
atic metabolism that may lead to drug accumulation and
increased risk of central nervous system (CNS) toxicity
(e.g., tinnitus, perioral numbness, or generalized seizures).
Second, patient-specific physiological states further limit
the applicability of OFA. Pregnant patients in the third
trimester are generally excluded from ketamine-based OFA,
as ketamine crosses the placental barrier and may tran-
siently influence fetal CNS development. Patients with
severe chronic obstructive pulmonary disease (COPD) in
acute exacerbation may also be unsuitable for high-dose
dexmedetomidine, as even mild sedation can reduce respi-
ratory drive and worsen hypercapnia.

6.3 Mandatory Intraoperative Monitoring and Availability
of Opioid Rescue Protocols for Breakthrough Pain

The non-opioid analgesics central to OFA regimens
are associated with distinct safety risks, which may be am-
plified in high-risk patient populations and therefore require
targeted monitoring and management. Dexmedetomidine-
associated bradycardia and hypotension are particularly
concerning in elderly patients (>65 years) and in individu-
als with pre-existing cardiovascular disease (e.g., coronary
artery disease, heart failure). Age-related declines in auto-
nomic nervous system reserve reduce the ability of elderly
patients to compensate for dexmedetomidine-induced sym-
pathetic inhibition, which can result in prolonged brady-
cardia (heart rate <40 bpm) requiring atropine or hypoten-
sion that is unresponsive to fluid resuscitation and necessi-
tates vasopressor support (e.g., phenylephrine). In patients
with heart failure with reduced ejection fraction (HFrEF),
dexmedetomidine’s negative chronotropic effect may de-
crease cardiac output by lowering heart rate without a corre-
sponding increase in stroke volume, potentially worsening
heart failure symptoms.

Ketamine’s psychotomimetic effects, including hallu-
cinations, vivid dreams, and disorientation, are more com-
mon in young adults (18-30 years) and in patients with
a history of anxiety disorders. These manifestations typi-
cally occur during emergence from anaesthesia. Although
premedication with a low-dose benzodiazepine (e.g., mi-
dazolam 0.5-1 mg) can attenuate these effects, high-risk
patients may require extended post-anaesthesia care unit
(PACU) observation to ensure resolution of psychological
symptoms. Additionally, ketamine’s sympathomimetic ac-
tivity (e.g., increased blood pressure and heart rate) may
present risks in patients with uncontrolled hypertension or
coronary artery disease, as transient elevations in myocar-
dial oxygen demand could precipitate myocardial ischemia.
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Lidocaine toxicity remains a significant safety con-
cern, especially in patients with renal dysfunction or those
receiving medications that impair lidocaine metabolism
(e.g., propranolol, a cytochrome P450 inhibitor). Even
within recommended infusion ranges (1-3 mg/kg/h), pa-
tients with end-stage renal disease (ESRD) may experience
delayed clearance and progressive accumulation, manifest-
ing initially as mild CNS symptoms (e.g., dizziness) and
potentially advancing to severe toxicity such as tonic-clonic
seizures. Intraoperative monitoring of lidocaine plasma
concentrations (target <5 pg/mL) is therefore advisable in
high-risk individuals, alongside close observation for indi-
cators of toxicity. Collectively, these risks highlight the
need for individualized OFA protocols, enhanced intraoper-
ative monitoring, and the availability of rapid rescue strate-
gies to ensure patient safety, particularly among vulnerable
populations.

7. Comprehensive Value and Development
Prospects of Opioid-Sparing and
Opioid-Free Anaesthesia

The advantages of OSA and OFA in the periopera-
tive domain have been demonstrated across multiple dimen-
sions through growing clinical evidence. Their core value
lies not only in reducing opioid-related adverse reactions
but also in their positive impact on long-term outcomes.
This includes an approximately 40% reduction in the risk
of chronic postsurgical pain (CPSP) and a decreased like-
lihood of persistent postoperative opioid use (PPOU). At
the same time, these strategies reduce healthcare resource
utilization by shortening the length of hospital stay (LOS).
The beneficial impact of OSA and OFA spans the entire
perioperative continuum. Preoperatively, they lower pa-
tients’ tolerance and dependence on opioids by minimizing
exposure, especially in high-risk populations such as the el-
derly, obese individuals, and patients with chronic obstruc-
tive pulmonary disease (COPD), significantly reducing the
risk of severe opioid-related adverse effects such as res-
piratory depression. Intraoperatively, precise multimodal
analgesia reduces hemodynamic fluctuations and enhances
anaesthetic safety. Postoperatively, they accelerate gas-
trointestinal recovery and reduce the incidence of PONV,
improving early mobilization and oral intake, thereby short-
ening the rehabilitation cycle and improving patient satis-
faction.

From a clinical perspective, patients undergoing la-
paroscopic cholecystectomy with OFA have demonstrated
a 33%-40% reduction in postoperative 24-hour morphine
consumption compared with those receiving traditional
opioid-based anaesthesia (OBA), with no significant differ-
ence in pain scores. This highlights that such protocols can
effectively improve postoperative experience while main-
taining analgesia.

Future research should prioritize addressing existing
evidence gaps. Longitudinal studies examining long-term
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outcomes should extend follow-up to 1-3 years to bet-
ter clarify the sustained value of OSA/OFA in chronic
pain management. Additionally, individualized regimens
tailored to special populations (e.g., children, pregnant
women, patients with end-stage renal disease) warrant fur-
ther investigation. Based on the pharmacokinetic char-
acteristics of these populations, optimized dosing and ad-
ministration strategies for non-opioid analgesics are needed
to address current limitations in clinical guidelines. Fur-
thermore, integration of digital technologies may enable
precise, automated, and adaptive medication regimens for
OSA/OFA, thereby improving efficiency and safety.

At the same time, existing studies still have several
limitations: most clinical trials emphasize short-term out-
comes (e.g., pain scores at 24-48 hours postoperatively,
length of hospital stay), with insufficient investigation into
their long-term impact on physiological functions (e.g.,
cognitive function, immune function). The study popula-
tions are predominantly patients undergoing elective proce-
dures, resulting in limited evidence on the applicability of
these techniques in emergency surgeries and complex ma-
jor operations. Additionally, a study has small sample sizes
and geographical limitations, which restrict the generaliz-
ability of its findings.

To address these limitations, improvement strate-
gies should be implemented from both research design
and clinical translation perspectives. Meanwhile, doctor-
patient communication and education should be enhanced.
Through popular science materials, preoperative inter-
views, and related approaches, patients should be informed
about the advantages and safety profiles of OSA/OFA to al-
leviate their concerns about “opioid-free” approaches, en-
hance patient acceptance and cooperation, and facilitate
the transition of these techniques from academic research
to routine clinical practice, ultimately advancing innova-
tion and optimization of the perioperative pain management
model.

8. Conclusion

Opioid-sparing anaesthesia (OSA) and opioid-free
anaesthesia (OFA) represent important advances in peri-
operative care, providing safer and more patient-centered
alternatives to traditional opioid-based anaesthesia. Cur-
rent evidence demonstrates that these techniques reduce
opioid consumption, enhance postoperative recovery out-
comes, and decrease opioid-related harms, without compro-
mising analgesic effectiveness. However, their integration
into routine hospital practice remains limited due to con-
cerns about inadequate pain control, resource constraints,
and challenges in interdisciplinary collaboration. Current
research consistently shows that both OSA and OFA signif-
icantly reduce perioperative opioid use and opioid-induced
adverse events while maintaining comparable or improved
pain control relative to conventional opioid-based anaes-
thesia. Furthermore, multimodal analgesia, which com-
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bines non-opioid analgesics, regional anaesthesia, and ad-
juvant agents, serves as the irreplaceable foundation for
OSA/OFA, with individualized drug selection and dosing
further optimizing clinical outcomes.

Importantly, successful implementation relies on stan-
dardized, evidence-based protocols and coordinated inter-
disciplinary collaboration, although practical barriers, in-
cluding provider unfamiliarity with non-opioid strategies
and limited access to regional anaesthesia resources, con-
tinue to hinder widespread adoption. These observations
underscore the need for targeted interventions: hospitals
should prioritize structured training programs to strengthen
provider confidence in OSA/OFA and allocate resources to
expand access to essential equipment and personnel. At the
same time, limitations in current research must be acknowl-
edged. Most studies emphasize short-term outcomes (e.g.,
24-48-hour pain scores, length of hospital stay) rather than
long-term endpoints, such as PPOU or CPSP, in diverse pa-
tient populations, leaving gaps in understanding how best
to tailor OSA/OFA for high-risk or understudied patient
groups.

This review provides a practical guide for applying
OSA and OFA in hospital settings, with a focus on mul-
timodal analgesia, interdisciplinary collaboration, and real-
world implementation considerations. It has summarized
key clinical principles for OSA/OFA use, including patient
selection, drug choice and dosing, and monitoring param-
eters. It has also outlined strategies for addressing im-
plementation challenges, such as establishing standardized
protocols, enhancing interdisciplinary training and patient
education, and engaging in continuous quality improve-
ment and monitoring. By adopting the strategies described,
healthcare providers can successfully integrate OSA and
OFA into routine practice, advancing perioperative care
through opioid minimization. This not only improves pa-
tient outcomes but also aligns with global initiatives aimed
at addressing the opioid epidemic and optimizing medica-
tion safety.

Future research should prioritize long-term outcomes,
such as the influence of OSA and OFA on PPOU and CPSP,
and identify the most effective implementation strategies
across diverse healthcare settings. Through sustained in-
vestigation and innovation, OSA and OFA have strong po-
tential to transform perioperative practice, offering safer
and more effective pain management and facilitating faster
postoperative recovery.

Key Points

e A practical guide for hospital implementation of
OSA and OFA, outlining principles, techniques, and evi-
dence in the context of opioid-induced perioperative side
effects.

* Multimodal analgesia is central to OSA/OFA, with
evidence showing reduced opioid use, lower incidence of
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PONYV, and improved bowel recovery without compromis-
ing pain control.

* Successful OSA/OFA requires careful patient selec-
tion, evidence-based drug administration, standardized pro-
tocols, and interdisciplinary collaboration to achieve opti-
mal outcomes.

 This study examines the barriers and solutions to
OSA/OFA implementation, with a focus on education,
training, and leadership support to enhance opioid safety.
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