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Abstract
Effective perioperative pain management remains a clinical priority, as inadequately controlled pain contributes to delayed recovery, increased opioid exposure, and a higher risk of chronic postsurgical pain. Despite the expansion of multimodal strategies, short-acting opioids continue to dominate intraoperative practice and may produce inconsistent postoperative analgesia. Intraoperative methadone offers a promising alternative due to its multimodal pharmacology and long duration of action, providing more stable analgesia from a single dose. This integrative review aims to evaluate the effectiveness of intraoperative intravenous methadone, compared with short-acting opioids, in reducing postoperative pain intensity and opioid consumption in adult surgical patients. Using the integrative review methodology described by Whittemore and Knafl (2005), a comprehensive literature search, data evaluation, and thematic analysis were conducted. The evidence indicates that intraoperative methadone is associated with improved postoperative pain control and reduced opioid requirements without a consistent increase in clinically significant adverse effects. The magnitude of benefit varied based on surgical intensity, dosing strategy, and perioperative management, but the overall direction of effect remained consistent across study designs. These findings support intraoperative methadone as a safe and effective component of multimodal analgesia, with particular benefit in procedures associated with higher postoperative pain burden. Further research is needed to refine dosing strategies, evaluate long-term outcomes, and define its role within enhanced recovery protocols.
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Intraoperative Intravenous Methadone in Adult Surgical Patients: An Integrative Review
Effective postoperative pain management remains one of the most persistent challenges in perioperative anesthesia practice. According to Kharasch et al. (2023), despite advancements in multimodal analgesic strategies, more than 80% of adult surgical patients continue to report moderate to severe pain during the immediate postoperative period, 75% of whom report their pain as severe. Inadequately controlled postoperative pain is cited as the main risk factor for the development of chronic postsurgical pain, which occurs in up to 85% of surgical patients. Additionally, Kendall et al. (2020) found that inadequately controlled postoperative pain is strongly associated with delayed mobilization, prolonged recovery, and increased opioid exposure.
Short-acting opioids such as fentanyl, hydromorphone, and morphine remain the cornerstone of intraoperative and early postoperative analgesia (Green et al., 2024). While effective for acute pain, these agents are limited by their relatively short duration of action, which necessitates repeated intraoperative and postoperative dosing. Fluctuations in plasma concentration may result in cycles of insufficient analgesia followed by oversedation, contributing to hemodynamic instability and opioid-related adverse effects (Kharasch et al., 2023). These pharmacokinetic characteristics may complicate the transition from intraoperative to postoperative pain management and increase reliance on rescue opioid administration (Brown et al., 2025).
In recent years, there has been a growing emphasis on opioid-sparing techniques within anesthesia practice, driven by both the opioid epidemic and the implementation of Enhanced Recovery After Surgery (ERAS) protocols (Myles & Brummett, 2023). ERAS frameworks advocate for analgesic approaches that promote physiologic stability, facilitate earlier recovery, and reduce postoperative opioid consumption. Within this framework, intraoperative methadone has emerged as a possible adjunct or alternative to conventional short-acting opioids due to its prolonged duration of action and multimodal receptor activity (D’Souza et al., 2023). 
Methadone is a synthetic opioid analgesic with a distinctive pharmacologic profile that differentiates it from other opioids traditionally used in perioperative care. Whereas short-acting opioids such as fentanyl and hydromorphone primarily target the μ-opioid receptor, methadone exerts multimodal analgesic effects through μ-opioid receptor agonism, N-methyl-D-aspartate (NMDA) receptor antagonism, and inhibition of serotonin and norepinephrine reuptake (Brown et al., 2025). These combined mechanisms may enhance analgesic efficacy while attenuating central sensitization and opioid-induced hyperalgesia.
Following intravenous administration, peak effect-site concentrations occur within eight minutes, supporting administration on induction of anesthesia (Kharasch et al., 2023). In contrast to short-acting opioids, methadone exhibits a prolonged duration of action, with an elimination half-life averaging 24 to 36 hours and extending up to 60 hours depending on patient-specific factors such as age, hepatic function, and cytochrome P450 variability (Brown et al., 2025).
The NMDA receptor antagonism of methadone may reduce amplification of nociceptive signaling associated with the wind-up phenomenon, while monoamine reuptake inhibition supports descending inhibitory pain pathways within the central nervous system (Hanna & Senderovich, 2021; Mercadante, 2023). Together, these properties provide a theoretical basis for sustained perioperative analgesia and reduced reliance on repeated short-acting opioid administration.
The purpose of this integrative review is to synthesize current empirical evidence evaluating the effect of intraoperative intravenous methadone, compared with short-acting opioids, on postoperative pain intensity and opioid consumption in adult surgical patients. This synthesis aims to evaluate methadone’s role in perioperative pain management, inform its potential integration into enhanced recovery after surgery (ERAS) protocols, and identify implications for clinical practice and future research. This integrative review is guided by the following research question: compared with short-acting opioids, does intraoperative intravenous methadone reduce postoperative pain and opioid consumption in adult surgical patients without increasing adverse effects?
Methods
Literature Search and Study Selection
This integrative review was conducted using the methodological framework described by Whittemore and Knafl (2005), which includes the following stages: literature search, data evaluation, data analysis, and presentation of findings. A comprehensive literature search and study selection process were performed independently by both authors to enhance methodological rigor and reduce selection bias.
Databases accessed through the University of New England library system include PubMed (n = 73), CINAHL (n = 19), MEDLINE (n = 87), ScienceDirect (n = 41), and Wiley Online Library (n = 94). Search terms included “methadone,” “intraoperative methadone,” “perioperative methadone,” “postoperative pain,” and “postoperative opioid consumption.” Reference lists of selected studies were also reviewed to identify additional relevant literature.
A total of 314 records were identified through the database search. Prior to screening, 202 records were removed for duplication, pediatric populations, exclusive evaluation of oral methadone, and non-human studies, leaving 112 records for initial screening. Title screening excluded 68 studies for lack of relevance or failure to meet the inclusion criteria. The remaining 44 studies underwent abstract review, of which 18 were excluded for not evaluating intraoperative methadone or relevant postoperative outcomes.
A total of 26 studies underwent full-text review, with 8 excluded for incomplete data or insufficient outcome reporting. Ultimately, 18 studies met the inclusion criteria and were included in this integrative review. Discrepancies in study selection were resolved through independent review and consensus discussion, with additional critical appraisal conducted as needed to determine final inclusion. Figure 1 provides a visual representation of the literature search and study selection process.
Inclusion and Exclusion Criteria 
Studies were included if they involved adult surgical patients (≥18 years) receiving intraoperative intravenous methadone and included comparisons with short-acting opioids. Eligible studies were required to report quantitative outcomes related to postoperative pain intensity or postoperative opioid consumption. Pain outcomes were defined using patient-reported measures such as the Numeric Rating Scale (NRS) or Visual Analog Scale (VAS). Opioid consumption outcomes were extracted as reported in the included studies, most commonly as morphine milligram equivalents (MME), although reporting metrics and postoperative time points varied across studies.
Eligible study designs included systematic reviews, randomized controlled trials, and observational studies published between 2020 and 2025. Studies were limited to peer-reviewed English-language publications to ensure methodological quality and applicability to perioperative anesthesia practice. Studies were excluded if they focused on pediatric populations, evaluated methadone outside of the intraoperative setting, evaluated oral methadone exclusively, or failed to report relevant postoperative outcomes. Non-empirical publications, including editorials, theoretical papers, and conference abstracts, were excluded due to a lack of clinically applicable data. A pharmacologic reference source was also consulted to support interpretation of methadone’s mechanistic properties; however, it was not included as part of the empirical literature sample (Brown et al., 2025).
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Figure 1
Literature Search and Study Selection Process 
Note. This figure depicts the literature search and study selection process conducted using the integrative review methodology described by Whittemore and Knafl (2005). Records were identified through PubMed, CINAHL, MEDLINE, ScienceDirect, and Wiley Online Library. Duplicate, pediatric, and non-human studies were removed prior to screening. Studies were excluded based on irrelevance, publication type, or incomplete data. 
Data Evaluation 
Included studies were evaluated for methodological quality, study design, and relevance to the guiding clinical question in accordance with Whittemore and Knafl’s integrative review framework. Both experimental and non-experimental studies were retained to support comprehensive synthesis, with greater emphasis placed on higher levels of evidence, including randomized controlled trials and systematic reviews.
Methodological quality was appraised using study-specific Critical Appraisal Skills Programme (CASP) checklists (2023). Each study was evaluated for internal validity, risk of bias, clarity, and consistency of outcome measurement, and applicability to perioperative anesthesia practice. Detailed appraisal findings are presented in Tables 1–3.
Of the 18 included studies, seven were classified as Level I evidence (systematic reviews or meta-analyses), six as Level II evidence (randomized controlled trials), and five as lower-level evidence (observational or retrospective studies). This distribution reflects a strong representation of higher-level evidence while incorporating lower-level studies that contribute to clinical context and external validity.
Randomized controlled trials and systematic reviews demonstrated overall strong methodological quality, with clearly defined inclusion criteria, standardized outcome measures, and generally low risk of bias. Heterogeneity across studies was primarily related to differences in methadone dosing strategies (fixed versus weight-based), timing of administration, surgical populations, outcome measurement intervals, and incorporation into multimodal analgesic protocols. Despite this heterogeneity, outcomes were consistently focused on postoperative pain intensity, opioid consumption, and safety-related endpoints, including respiratory depression, sedation, and postoperative nausea and vomiting. The overall direction of effect remained consistent across these higher-level studies, supporting confidence in the observed findings.
Observational and retrospective studies, while inherently limited by potential confounding and inability to establish causation, contributed to external validity by reflecting larger and more diverse real-world surgical populations. Common methodological limitations included variability in baseline patient characteristics, particularly preoperative opioid use, heterogeneity in surgical procedures, and inconsistent reporting of dosing strategies and outcome time points. Despite these limitations, findings from observational studies aligned with those of higher-level evidence, reinforcing consistency across study designs. This consistency mitigated methodological variability, enhanced reliability, and strengthened the foundation for thematic synthesis during data analysis.
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Table 1
CASP Appraisal of Systematic Reviews
	
	Clear Question
	Appropriate Search
	Relevant Studies
	Rigor Assessed
	Data Extraction
	Pooled Analysis
	Limitations
	Benefits vs. Harm
	Applicability
	Clinical Value

	Score

	Kendall et al., 2020
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear
	Yes
	Unclear
	17/20 (High quality)

	Laguado et al., 2025
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	17/20 (High quality)

	Rajkovic et al., 2025
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	17/20 (High quality)

	Cheriyan et al., 2021
	Yes
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Yes
	Unclear
	16/20 (High quality)

	Xie et al., 2025
	Yes
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Yes
	Yes
	16/20 (Moderate quality)

	Hanna & Senderovich, 2021
	Yes
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Unclear
	Unclear
	15/20 (Moderate quality)

	Lobova et al., 2021
	Yes
	Unclear
	Unclear
	Yes
	Unclear
	Yes
	Unclear
	Unclear
	Yes
	Unclear
	14/20 (Moderate quality)


Note. This table presents the methodological appraisal of systematic reviews using a modified Critical Appraisal Skills Programme (CASP) checklist. Appraisal items were scored as Yes = 2, Unclear = 1, or No = 0, with higher total scores indicating greater methodological quality. “Unclear” indicates insufficient reporting. Studies are presented in descending order of methodological quality, with alphabetical ordering applied when scores are equivalent. Abbreviation: CASP = Critical Appraisal Skills Programme.
Table 2
CASP Appraisal of Randomized Controlled Trials
	
	Clear Question
	Randomization
	Participants Accounted For
	Blinding
	Baseline Similarity
	Equal Treatment
	Results Reported
	Precision
	Benefit vs. Harm
	Applicability
	Clinical Value
	Score

	Pontes et al., 2021
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	21/22 (High quality)

	Arriaza et al., 2021
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	20/22 (High quality)

	Murphy et al., 2021
	Yes
	Yes
	Unclear
	Yes
	Unclear
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	19/22 (High quality)

	Uhrbrand et al., 2025
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes
	Unclear
	Unclear
	Yes
	Unclear
	18/22 (High quality)

	Kharasch et al., 2023
	Yes
	Yes
	Unclear
	Unclear
	Yes
	Unclear
	Yes
	No
	Unclear
	Yes
	Unclear
	16/22 (Moderate quality)

	Green et al., 2024
	Yes
	Yes
	Unclear
	No
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes
	Unclear
	15/22 (Moderate quality)


Note. This table presents the methodological appraisal of randomized controlled trials using a modified Critical Appraisal Skills Programme (CASP) checklist. Items were scored as Yes = 2, Unclear = 1, or No = 0, with higher scores indicating stronger methodological quality. “Unclear” reflects insufficient reporting. All included studies represent Level II evidence. Studies are presented in descending order of methodological quality, with alphabetical ordering applied when scores are equivalent. Abbreviations: CASP = Critical Appraisal Skills Programme; RCT = randomized controlled trial.
Table 3
CASP Appraisal of Level III–V Evidence
	Study
	Level of Evidence
	Clear Aim
	Appropriate Design
	Bias Considered
	Data and Analysis
	Results Reported
	Consistency with Literature
	Applicability
	Overall Value
	Score

	Bernstein et al., 2025
	Level IV
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes
	Yes
	15/18 (High quality)

	Cata et al., 2024
	Level IV
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes
	Yes
	15/18 (High quality)

	D’Souza et al., 2023
	Level V
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes
	Yes
	15/18 (High quality)

	Mercadante, 2023
	Level V
	Yes
	Yes
	Unclear
	Yes
	Yes
	Yes
	Yes
	Yes
	15/18 (High quality)

	Myles and Brummett, 2023
	Level V
	Yes
	Yes
	Unclear
	Unclear
	Yes
	Yes
	Yes
	Yes
	13/18 (Moderate quality)


Note. This table presents the methodological appraisal of nonrandomized and lower-level evidence using a modified Critical Appraisal Skills Programme (CASP) framework. Modifications were made to adapt the CASP criteria for evaluation of Level III–V evidence. Items were scored as Yes = 2, Unclear = 1, or No = 0, with higher scores indicating stronger methodological quality. “Unclear” reflects insufficient reporting. Studies are presented in descending order of methodological quality, with alphabetical ordering applied when scores are equivalent. Abbreviation: CASP = Critical Appraisal Skills Programme.
Data Analysis
Data from the selected studies were synthesized using an integrative analysis approach consistent with Whittemore and Knafl’s framework (2005), in which the data were categorized and then compared across studies, allowing for the development of integrated conclusions. Each study was classified by the level of evidence, sample size, study variables, and measured outcomes. Findings were then compared across studies to identify patterns and themes related to postoperative pain control, opioid consumption, and safety outcomes. Additional themes underlying clinical outcomes and effects include determinants of variability and pharmacologic mechanisms. These patterns are further illustrated in the comparative findings summarized in Table 4. The synthesis of these findings informed the development of practice recommendations and the identification of gaps in the current literature.
Postoperative Pain
Reduction in postoperative pain intensity was one of the most consistent findings across the included literature, but the magnitude and duration of benefit varied by surgical population, methadone dose, and study design. In their meta-analysis of seven randomized controlled trials including 337 patients across multiple procedures, Kendall et al. (2020) found that intraoperative methadone reduced pain scores in the postanesthesia care unit (PACU) and again at 24 hours postoperatively when compared with morphine, even though postoperative opioid consumption was not significantly different in that specific synthesis. Xie et al. (2025) reported consistent reductions in early postoperative pain scores across both inpatient and ambulatory surgical populations. Observational studies continued to show lower pain scores with methadone across inpatient and ambulatory procedures, particularly during the immediate recovery period and first postoperative day (Laguado et al., 2025; Bernstein et al., 2025). The literature supports a consistent analgesic effect, while also demonstrating that the magnitude and timing of this benefit varied by surgical context and study-specific factors. Notably, variability extended across outcomes, as some randomized trials demonstrated similar early pain scores despite methadone administration, with delayed improvements observed at later postoperative time points (Cheriyan et al., 2021; Uhrbrand et al., 2025).
The greatest reductions in postoperative pain were observed in higher-intensity surgical populations. In a randomized, double-blind trial of 130 patients undergoing spinal fusion surgery, Murphy et al. (2021) found that patients who received intraoperative methadone paired with ketamine reported lower pain scores at 23 of 24 postoperative assessment time points compared with methadone alone, indicating a sustained and clinically meaningful synergistic analgesic effect in a high-nociceptive population. Similarly, Pontes et al. (2021) randomized 137 patients undergoing laparoscopic bariatric surgery to receive either methadone or morphine and found that the methadone group experienced lower pain burden in the PACU and improved overall recovery scores. The literature supports that methadone’s long duration of action is particularly advantageous in procedures with prolonged postoperative pain trajectories.
Consistent findings were also observed in other major surgical populations. In a systematic review of four studies involving 435 patients undergoing cardiac surgery, Lobova et al. (2021) reported reduced acute postoperative pain and opioid consumption within the first 24 hours when methadone (0.1–0.3 mg/kg) was used instead of short-acting opioids. In a randomized controlled trial of women undergoing same day laparoscopic gynecologic procedures, Green et al. (2024) found that women who received methadone instead of short-acting opioids had lower PACU pain scores. Interestingly, pain scores on discharge were similar between groups, suggesting the analgesic advantage of intraoperative methadone may be limited in same-day surgical setting (Green et al., 2024). In breast surgery, Cata et al. (2024) evaluated 133 patients receiving methadone compared to 2192 patients receiving short-acting opioids and found that the methadone group had lower postoperative pain intensity scores in the PACU and on postoperative day one. Together, these studies demonstrate that the analgesic benefit of methadone extends beyond the immediate recovery period and is maintained across the early postoperative course in more invasive procedures.
Overall, the literature demonstrated a consistent pattern rather than a uniform effect. Methadone provided the most substantial reductions in postoperative pain in higher-intensity surgical procedures with prolonged recovery trajectories, while still offering modest benefits in ambulatory settings. The evidence highlights that the analgesic effectiveness of intraoperative methadone is influenced by surgical context, dosing, and timing of outcome measurement, rather than functioning as a universally equivalent intervention across all surgical populations (Cata et al., 2024; Green et al., 2024; Kendall et al., 2020).
Opioid Consumption
Evidence regarding postoperative opioid consumption demonstrated greater heterogeneity than pain outcomes; however, a reproducible opioid-sparing effect of intraoperative methadone was observed across multiple levels of evidence. In a meta-analysis of randomized controlled trials, Kendall et al. (2020) reported reductions in postoperative opioid requirements despite variable effects on pain scores, while Lobova et al. (2021) and Xie et al. (2025) similarly demonstrated decreased opioid consumption across systematic reviews and clinical analyses. Across these study designs, patients receiving a single intraoperative dose of methadone generally required fewer postoperative opioids compared with those receiving short-acting opioid regimens. 
However, this opioid-sparing effect was not observed uniformly across all randomized evidence. In a randomized controlled trial of 113 patients undergoing lumbar fusion surgery, Uhrbrand et al. (2025) found no significant reduction in opioid consumption at 6 or 24 hours when methadone was compared with morphine, despite similar dosing strategies. This variability was also reflected across outcome measures, as reductions in opioid consumption were not always proportional to reported pain scores, suggesting differences in how analgesic benefit is expressed and how postoperative pain is managed. These findings indicate that while an opioid-sparing effect is frequently observed, it is not universal and is influenced by surgical context, study design, and perioperative management.
[bookmark: _Int_FvxAMIAA]Despite the overall consistency, differences in effect size of opioid reduction was evident across studies. Kendall et al. (2020) and Lobova et al. (2021) both noted differences in effect size across surgical populations. Bernstein et al. (2025) and Cata et al. (2024) highlighted differences in perioperative management, with the incorporation of ERAS-based protocols and varied intraoperative management, respectively. This heterogeneity appeared to be influenced by multiple interacting factors, including methadone dosing strategies, use of adjunct analgesics, procedural complexity, anesthetic technique, baseline opioid tolerance, and provider prescribing patterns. Differences in outcome measurement, including variation in MME reporting and postoperative time intervals assessed, further limit direct comparability across studies. Data across studies indicate that while an opioid-sparing effect is consistently observed, its magnitude is context-dependent and influenced by both patient- and system-level variables.
Dose-dependent effects further support this relationship. In a randomized, dose-finding study, Kharasch et al. (2023) demonstrated reduced in-hospital opioid use across a variety of surgical procedures, with methadone groups requiring approximately 20–27 mg MME compared with 46 mg in short-acting opioid controls. Importantly, even lower-dose (0.1 mg/kg) methadone regimens produced statistically significant reductions in opioid use in patients undergoing laparoscopic cholecystectomies, indicating that the opioid-sparing effect is present across a range of dosing strategies (Arriaza et al., 2021). However, the pilot design and limited sample size of these studies restricted the precision of dose-response conclusions, highlighting the need for larger, procedure-specific investigations. The literature collectively supports a reproducible opioid-sparing effect across diverse surgical populations, while also revealing that the magnitude of reduction is influenced by dosing strategies, surgical intensity, and perioperative management practices. 
Safety
Safety was evaluated across multiple domains in the literature to assess the perioperative risk profile of intraoperative methadone, including respiratory depression, sedation, postoperative nausea and vomiting (PONV), cardiac effects such as QT interval prolongation, and recovery metrics. Evidence across study designs indicates that intraoperative methadone does not increase the incidence of clinically significant opioid-related adverse effects compared with short-acting opioids. In a meta-analysis of randomized controlled trials encompassing a variety of specialties, including laparoscopic surgeries, Kendall et al. (2020) found no increase in opioid-related adverse events. This finding was supported by randomized trials in spine and ambulatory surgery populations by Murphy et al. (2021) and Green et al. (2024). Collectively, these findings indicate a comparable safety profile, despite methadone’s longer pharmacokinetic duration.
Respiratory safety, a primary concern given methadone’s long half-life, was consistently evaluated across study designs. Kendall et al. (2020) reported no increase in respiratory depression or naloxone administration across pooled randomized trials, while Murphy et al. (2021), in a randomized trial of 130 spine surgery patients, similarly found no differences in respiratory complications. In a large retrospective cohort, Cata et al. (2024) also reported no increase in airway interventions or respiratory events. These findings persisted in higher-risk surgical populations, including cardiac and spinal surgery, in which Lobova et al. (2021) and Rajkovic et al. (2025) found no increase in clinically significant respiratory complications. The available evidence indicates that methadone’s prolonged half-life does not translate into increased respiratory risk in monitored perioperative settings.
Gastrointestinal and recovery-related outcomes demonstrated similar patterns. Pontes et al. (2021), in a randomized trial of bariatric surgery patients, reported lower rates of PONV while Cata et al. (2024) found no increase in length of stay in a large retrospective breast surgery cohort. Cardiac safety was also evaluated: Lobova et al. (2021) and Green et al. (2024) reported no clinically significant increase in QT prolongation or arrhythmogenic events, even in high-risk patients with baseline cardiac dysfunction. These findings suggest that methadone does not exacerbate common opioid-related adverse effects and may confer advantages in select recovery outcomes.
Despite these reassuring safety profile findings, important limitations exist across the literature. Clinical heterogeneity in dosing strategies, timing of administration, monitoring practices, and patient populations limits direct comparability between studies. Although induction and later intraoperative administration have not demonstrated increased adverse events (Kharasch et al., 2023; Pontes et al., 2021; Xie et al., 2025), differences in perioperative management may have influenced complication detection. Additionally, many studies were underpowered to identify rare but serious adverse events, such as arrhythmias or delayed respiratory depression, particularly in randomized trials with smaller sample sizes (Arriaza et al., 2021; Kendall et al., 2020; Murphy et al., 2021). Overall, the literature demonstrates that intraoperative methadone has a safety profile comparable to short-acting opioids across multiple domains, while also highlighting that variability in study design and the limited detection of rare events warrant continued clinical caution and patient-specific risk assessment. 
Determinants of Variability in Clinical Outcomes
Variation in postoperative pain and opioid consumption outcomes across the included studies was multifactorial, reflecting differences in dosing strategies, surgical complexity, patient characteristics, and perioperative management. Although the direction of findings was consistent across studies, with most demonstrating improved analgesia and reduced opioid requirements, some high-quality randomized trials reported neutral findings. For example, Uhrbrand et al. (2025) found no significant difference in opioid consumption following lumbar fusion surgery, despite comparable dosing and study design. These discrepancies further support the conclusion that clinical outcomes are driven by procedural intensity, analgesic protocols, and methodological differences rather than a lack of pharmacologic efficacy.
One of the most consistently identified determinants of differences in clinical effect was the dosing strategy. Across randomized controlled trials and systematic reviews, higher weight-based doses (approximately 0.2–0.25 mg/kg) were associated with more pronounced and sustained reductions in postoperative pain and opioid consumption, whereas lower doses (≤0.1 mg/kg) demonstrate attenuated or inconsistent effects (Kharasch et al., 2023). Conversely, Arriaza et al. (2021) found doses as low as 0.08 mg/kg improved pain control and reduced opioid consumption. Kharasch et al. (2023) demonstrated a dose-dependent reduction in postoperative opioid requirements in a randomized, dose-finding study, supporting a direct relationship between dosing and clinical effect. Similar patterns were described by Laguado et al. (2025) and Rajkovic et al. (2025), who reported diminished analgesic benefit in studies using lower-dosing strategies. The literature supports that differences across studies were frequently driven by subtherapeutic dosing rather than a lack of intrinsic analgesic efficacy.
Surgical type and procedural complexity also contributed significantly to variability in outcomes. Greater analgesic benefit is consistently observed in high-intensity procedures, such as cardiac and spine surgeries, where pain burden is predictably higher. Murphy et al. (2021), in a randomized trial of spine surgery patients, demonstrated sustained reductions in pain and opioid requirements, while Lobova et al. (2021) reported similar findings in cardiac surgery populations. In contrast, ambulatory and minimally invasive procedures demonstrated smaller, though still measurable, reductions in pain and opioid consumption, as reported by Arriaza et al. (2021) and Green et al. (2024). This clustering of effect by surgical intensity suggests that methadone’s clinical impact is amplified in settings with higher postoperative analgesic demand.
[bookmark: _Int_VtZh1QFK]Perioperative analgesic strategies further influenced context-dependent differences in outcomes, particularly through the use of multimodal adjuncts and enhanced recovery after surgery (ERAS) protocols. Studies incorporating standardized multimodal regimens, including adjuncts such as ketamine, frequently demonstrated enhanced analgesic outcomes and greater opioid-sparing effects. For example, Murphy et al. (2021) reported improved analgesia when methadone was combined with ketamine in spine surgery patients, while Bernstein et al. (2025) demonstrated enhanced recovery outcomes within an ERAS-based breast reconstruction pathway. In contrast, variability in adjunct utilization, anesthetic technique, and postoperative prescribing practices introduced heterogeneity that limits direct comparison across studies and may obscure the isolated effect of methadone.
Patient-specific factors represent another important source of clinical heterogeneity. Baseline opioid tolerance, comorbid conditions, and pharmacokinetic variability could influence both analgesic response and safety outcomes (Brown et al., 2025). Hanna and Senderovich (2021) and D’Souza et al. (2023) described how differences in opioid receptor sensitivity, hepatic function, and cytochrome P450 enzyme activity contribute to interindividual variability in drug metabolism and duration of effect. Additionally, Xie et al. (2025) noted that high-risk populations, including patients with obstructive sleep apnea or advanced age, remain underrepresented in the literature, limiting generalizability and contributing to uncertainty in these subgroups.
Methodological variability across studies further contributed to heterogeneity in reported outcomes. Differences in outcome measurement, including variation in pain scales, timing of assessments, and reporting of opioid consumption in MME, limited direct comparability across studies. Kendall et al. (2020) and Lobova et al. (2021) both noted inconsistencies in outcome reporting across trials and reviews. Additionally, variations in study design and standardization, including differences between randomized controlled trials and observational cohorts, introduced potential confounding factors that may have weakened causal inference (Cata et al., 2024). However, the consistent pattern of effect across study designs strengthened overall confidence in the observed analgesic and opioid-sparing benefits.
While intraoperative methadone consistently improved postoperative analgesia and reduced opioid requirements, the magnitude of these effects was influenced by a complex interplay of dosing strategy, surgical context, perioperative management, and patient-specific factors. Recognition of these determinants is essential for interpreting variability across the literature and for informing standardized, evidence-based implementation in clinical practice.
Pharmacologic Mechanisms Underlying Observed Clinical Effects
The observed reductions in postoperative pain and opioid consumption, along with a comparable safety profile to short-acting opioids, align closely with methadone’s unique pharmacokinetic and pharmacodynamic properties. Across the literature, methadone’s prolonged duration of action and multimodal receptor activity provides a basis for the consistent patterns identified in clinical outcomes. Methadone’s ability to act across multiple levels of the pain pathway, including μ-opioid receptor agonism, N-methyl-D-aspartate (NMDA) receptor antagonism, and monoamine reuptake inhibition, supports its role as a multimodal analgesic rather than a traditional single-mechanism opioid (Brown et al., 2025). These pharmacologic characteristics provide a cohesive explanation for the sustained analgesic effects and opioid-sparing patterns observed across studies.
Brown et al. (2025) described how, unlike short-acting opioids, which produce fluctuating plasma concentrations and require repeated dosing, methadone maintains stable therapeutic levels following a single intraoperative dose. They further noted that methadone achieves sustained plasma concentrations with a half-life of approximately 24–36 hours, allowing for continuous receptor engagement and prolonged analgesic coverage. This pharmacokinetic profile aligns with the time course of peak postoperative nociceptive input and supports the observed reductions in breakthrough pain and delayed need for rescue analgesia reported across clinical studies (Kendall et al., 2020; Xie et al., 2025).
Murphy et al. (2021) described methadone as a μ-opioid receptor agonist with additional NMDA receptor antagonism, contributing to enhanced analgesic stability and opioid-sparing effects. They further reported that coadministration with ketamine results in enhanced analgesia, suggesting a synergistic effect. Brown et al. (2025) specifically highlighted methadone’s role in modulating pain pathway remodeling and reducing opioid tolerance, supporting clinical findings of decreased opioid requirements across studies. This mechanism may also account for the greater magnitude of benefit observed in higher-intensity surgical procedures in which central sensitization is more pronounced (Lobova et al., 2021)
Methadone’s inhibition of serotonin and norepinephrine reuptake further contributes to its analgesic profile by enhancing descending inhibitory pain pathways within the central nervous system. Inhibition of the serotonin transporter (SERT) and norepinephrine transporter (NET) allows methadone to modulate both nociceptive and neuropathic pain pathways. This monoaminergic activity likely contributes to the consistency of analgesic benefit across diverse surgical populations and procedures, despite variability in study design and perioperative protocols (Brown et al., 2025).
The dose-dependent relationships observed in multiple studies were consistent with methadone’s pharmacokinetics, as insufficient dosing may fail to achieve or maintain therapeutic plasma concentrations necessary for sustained receptor engagement, consistent with dose-dependent reductions in opioid consumption observed in randomized studies (Kharasch et al., 2023). Brown et al. (2025) further emphasized the significant interindividual variability in methadone metabolism, driven by cytochrome P450 enzyme activity, which contributes to differences in drug exposure and duration of effect. These pharmacokinetic considerations directly align with the variability in clinical outcomes observed across studies.
Methadone’s pharmacologic profile also provides a rationale for its comparable safety outcomes. Although its long half-life raises theoretical concerns regarding delayed respiratory depression, clinical studies show that a single intraoperative dose produces respiratory effects comparable to short-acting opioids and largely limited to the early postoperative period (Kendall et al., 2020; Xie et al., 2025). Brown et al. (2025) similarly noted that safety concerns such as respiratory depression and QT interval prolongation are associated with chronic or high-dose exposure, rather than single-dose intravenous administration. This distinction supports the observed absence of clinically significant adverse events in perioperative studies. While methadone is associated with QT prolongation at higher or repeated doses, the lack of clinically significant arrhythmogenic events in the perioperative literature suggests that single-dose administration does not produce sufficient cumulative exposure to meaningfully increase cardiac risk (Lobova et al., 2021).



 
Table 4
Study Characteristics and Quality Assessment of Intraoperative Methadone Studies
	Author(s) and Year
	Methodology (Level of Evidence)
	Sample Characteristics and Variables
	Outcomes
	CASP Quality Rating (Score)

	Kendall et al., 2020
	Meta-analysis of randomized controlled trials (RCTs) between 1991-2018 (Level I)

	7 RCTs; 337 adult surgical patients
IV methadone or morphine.
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	17/20 (High quality)

	Rajkovic et al., 2025
	Systematic review of 4 RCTs, 2 retrospective cohorts, 1 prospective study, 1 quality- improvement study (Level I)
	672 adult and adolescent spine surgery patients; methadone vs hydromorphone, sufentanil, or combination therapy
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	17/20 (High quality)

	Cheriyan et al., 2021
	Systematic review and meta-analysis of randomized controlled trials (Level I)
	632 adult surgical patients; IV methadone compared with short-acting opioids (fentanyl, morphine, hydromorphone)
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	16/20 (High quality)

	Xie et al., 2025
	Systematic/clinical review of multiple study types (Level I)
	Adult and pediatric surgical patients across multiple procedures; methadone vs various opioids
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	16/20 (High quality)

	Hanna & Senderovich, 2021
	Systematic review of 40 RCTs (Level I)
	Adults in studies of methadone for perioperative and chronic pain. Methadone compared with or combined with conventional opioids and adjunctive analgesics
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	15/20 (Moderate quality)

	Laguado et al., 2025
	Systematic review of 7 clinical trials, 2 retrospective studies, 1 systematic review (Level I)
	Adult ambulatory and next-day surgical patients. IV methadone or fentanyl, morphine, or hydromorphone
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	15/20 (Moderate quality)

	Lobova et al., 2021
	Systematic review of 3 randomized controlled trials and one retrospective chart review (Level I)
	435 adult cardiothoracic surgery patients. IV methadone or morphine, or fentanyl. 
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	14/20 (Moderate quality)

	Pontes et al., 2021
	Randomized controlled trial (Level II)
	137 adult patients undergoing laparoscopic bariatric surgery. IV methadone or morphine both dosed at 0.1 mg/kg 20 minutes before end of surgery
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	21/22 (High quality)

	Arriaza et al., 2021
	Randomized controlled trial (Level II)

	78 adult laparoscopic cholecystectomy patients. IV methadone or morphine
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	20/22 (High quality)

	Murphy et al., 2021
	Randomized controlled trial (Level II)
	127 adults undergo spinal surgery. IV methadone or IV methadone + ketamine
	Pain: Lower in methadone + ketamine group
Opioids: Lower in methadone + ketamine group
Safety: No significant difference
	19/22 (High quality)

	Uhrbrand et al., 2025
	Randomized controlled trial (Level II)
	113 adult patients undergoing lumbar fusion surgery; IV methadone (pre-incision or pre-closure) vs morphine
	Pain: Similar early; lower at 48–72 hrs in pre-incision group

Opioids: No significant difference

Safety: No significant difference
	18/22 (High quality)

	Kharasch et al., 2023
	Randomized controlled trial (Level II)
	129 adults undergoing next-day discharge surgery. IV methadone or fentanyl, hydromorphone or morphine
	Pain: Lower in methadone group
Opioids: No significant difference
Safety: No significant difference
	16/22 (Moderate quality)

	Green et al., 2024
	Randomized controlled trial (Level II)
	70 adult women undergoing same-day laparoscopic gynecologic surgery. IV methadone or fentanyl, morphine, or oxycodone 
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	15/22 (Moderate quality)

	Bernstein et al., 2025
	Retrospective + prospective cohort study (Level IV)
	83 adult women undergoing DIEP flap breast reconstruction; methadone-based ERAS vs historical control
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	15/18 (High quality)

	Cata et al., 2024
	Retrospective cohort study (Level IV)
	2,325 adult women undergoing unilateral or bilateral total mastectomy. IV methadone or fentanyl, morphine, hydromorphone
	Pain: Lower in methadone group
Opioids: Lower in methadone group
Safety: No significant difference
	15/18 (High quality)

	D’Souza et al., 2023
	Expert opinion / narrative review (Level V)
	Adults, adolescents, and pediatric surgical patients
	N/A – Narrative review of intraoperative methadone; no primary outcomes reported
	15/18 (High quality)

	Mercadante, 2023
	Expert opinion / Narrative review (Level V)
	Adults with perioperative and chronic cancer pain receiving methadone for analgesia
	N/A – Narrative review of intraoperative methadone; no primary outcomes reported
	15/18 (High quality)

	Myles & Brummett, 2023
	Expert opinion / narrative review (Level V)
	Editorial analysis referencing adult surgical populations from recent RCTs and meta-analyses
	N/A – Narrative review of intraoperative methadone; no primary outcomes reported
	13/18 (Moderate quality)



Note. Studies are grouped by level of evidence and presented in descending order of methodological quality. This table summarizes the characteristics, findings, and quality appraisal of studies included in this integrative review examining intraoperative intravenous methadone for postoperative pain management in adult surgical patients. Pain and opioid outcomes reflect postoperative measures as reported in each study. Quality ratings were assigned using the Critical Appraisal Skills Programme (CASP), with higher scores indicating stronger methodological quality in the context of the level of evidence. Abbreviations: CASP = Critical Appraisal Skills Programme; N/A = not applicable.
Discussion
This integrative review synthesizes current evidence evaluating intraoperative intravenous methadone for postoperative pain management in adult surgical patients. Across multiple levels of evidence and surgical populations, intraoperative methadone generally improved postoperative pain control and reduced opioid consumption without increasing clinically significant adverse effects. These findings support methadone as an effective alternative to short-acting opioids and reinforce its role within contemporary multimodal analgesic strategies. A key finding is the generally consistent analgesic benefit across study designs, particularly within higher-level evidence. Randomized controlled trials and systematic reviews demonstrated reductions in postoperative pain intensity, most notably within the first 24 to 48 hours following surgery, although the extent of effect varied across studies. This effect was further supported by observational data, suggesting that methadone’s analgesic advantage is both robust and generalizable. The magnitude of benefit appeared greater in procedures associated with higher nociceptive burden, indicating that methadone’s prolonged duration of action and multimodal properties are particularly advantageous in settings requiring sustained analgesia.
In addition to improved pain control, intraoperative methadone demonstrated a reproducible opioid-sparing effect across the literature. While the magnitude of reduction varies, the direction of effect remained stable across study designs and surgical populations. This reduction in postoperative opioid requirements has important clinical implications, including decreased opioid exposure and potential improvements in recovery trajectories. Variability in outcomes reflects the influence of dosing strategies, perioperative analgesic protocols, and patient-specific characteristics, indicating that methadone’s effectiveness is optimized when integrated into individualized perioperative care.
The safety profile of intraoperative methadone remains a critical consideration given its prolonged half-life. Across the literature, methadone did not demonstrate an increased incidence of clinically significant respiratory depression, cardiac events, or recovery-related complications compared with short-acting opioids. These findings were consistent across surgical populations and levels of evidence, including randomized trials, meta-analyses, and retrospective studies. When administered as a single intraoperative dose in monitored settings, methadone did not appear to confer additional perioperative risk. However, variability in study design and limited power to detect rare adverse events highlights the need for continued vigilance and appropriate patient selection (Kendall et al., 2020)
An important contribution to this review is the identification of determinants influencing variability in clinical outcomes. Differences in methadone dosing, surgical complexity, perioperative management, and patient-specific factors contributed to variation in effect size across studies. Taken together, the evidence supports a dose-dependent relationship, with higher weight-based dosing associated with more pronounced and sustained analgesic and opioid-sparing effects. Similarly, greater benefit was observed in higher-intensity surgical procedures, where postoperative pain burden is greater. Integration within multimodal and ERAS-based protocols further enhanced outcomes, underscoring the importance of incorporating methadone within a comprehensive analgesic strategy rather than as a standalone intervention.
Pharmacologic mechanisms provide a cohesive explanation for these clinical findings. Methadone’s multimodal activity, including μ-opioid receptor agonism, NMDA receptor antagonism, and inhibition of serotonin and norepinephrine reuptake, supports sustained analgesia and attenuation of central sensitization. Its prolonged half-life enables continuous receptor engagement following a single intraoperative dose, reducing the need for repeated opioid administration and contributing to more stable postoperative pain control. These pharmacologic properties align with the observed reductions in pain and opioid consumption, as well as the consistency of analgesic effects across studies.
Despite the overall strength of evidence, several limitations must be considered. Heterogeneity in study design, dosing strategies, and outcome measurement limits direct comparability across studies. Differences in pain assessment tools, timing of outcome evaluation, and reporting of opioid consumption introduced heterogeneity that complicates synthesis. Additionally, many studies were underpowered to detect rare adverse events, and certain patient populations, including those with significant comorbidities or opioid tolerance, remain underrepresented. These limitations require cautious interpretation of findings and highlight the need for continued research to refine clinical applications.
Overall, the findings of this review position intraoperative methadone as a clinically meaningful component of modern perioperative analgesia. Its ability to provide sustained, multimodal pain control while limiting reliance on repeated opioid administration aligns with current priorities in anesthesia practice. As perioperative care continues to evolve toward standardized, evidence-based, multimodal pain management strategies, methadone offers a practical and physiologically grounded approach to improving patient outcomes.
Recommendations for Practice
The findings of this integrative review support the incorporation of intraoperative intravenous methadone into multimodal analgesic strategies for appropriately selected adult surgical patients. When integrated into perioperative care, methadone offers sustained analgesia and reduces reliance on repeated administration of short-acting opioids, aligning with current priorities in enhanced recovery practices.
As discussed by D’Souza et al. (2023), the implementation of intraoperative methadone should occur within structured, facility-based protocols to ensure consistency, safety, and reproducibility of outcomes. Standardized protocols should include clearly defined criteria for patient selection and risk stratification, with consideration of factors such as age, comorbid conditions, and baseline opioid use. Protocol development should also address dosing strategies, timing of administration, intraoperative considerations, and postoperative monitoring requirements. Incorporation within established ERAS pathways may further optimize outcomes by ensuring methadone is utilized as part of a comprehensive, multimodal analgesic approach rather than as a standalone intervention.
A single intraoperative dose of intravenous methadone administered at induction is supported by the available literature as an effective strategy for achieving sustained postoperative analgesia. Weight-based dosing using ideal body weight is recommended to standardize administration and minimize variability in drug exposure. Evidence supports a dosing range of approximately 0.2–0.25 mg/kg, with consideration of dose reduction (~0.1 mg/kg) in patients with increased risk for opioid sensitivity, including older adults, individuals with obstructive sleep apnea, hepatic impairment, or opioid-naïve status. Providers should recognize that subtherapeutic dosing may attenuate the analgesic and opioid-sparing benefits observed in the literature.
Intraoperative methadone should be administered in conjunction with established multimodal analgesic strategies, including non-opioid adjuncts such as nonsteroidal anti-inflammatory drugs and corticosteroids. Integration with adjuncts such as ketamine may further enhance analgesic outcomes through complementary mechanisms of action. Understanding methadone’s multimodal pharmacologic profile supports its role within these synergistic analgesic approaches and reinforces its use as a component of comprehensive perioperative pain management.
Appropriate postoperative monitoring remains essential despite the favorable safety profile demonstrated in the literature. Patients receiving intraoperative methadone should undergo standard PACU monitoring, including respiratory and cardiac assessment, with attention to sedation level and oxygenation. Antiemetic prophylaxis should be administered in accordance with standard practices. Given methadone’s prolonged duration of action, anesthesia providers should anticipate reduced need for postoperative opioid rescue and avoid unnecessary administration of additional short-acting opioids when adequate analgesia is achieved.
Successful implementation of intraoperative methadone also requires interdisciplinary collaboration and provider education. Barriers to adoption, including limited familiarity with methadone pharmacology, institutional prescribing practices, and availability, should be addressed through targeted education and protocol development. Collaboration among anesthesia providers, surgeons, pharmacists, and recovery staff is essential to ensure safe and effective integration into clinical practice. 
Finally, institutions adopting intraoperative methadone protocols should incorporate quality improvement measures to evaluate safety and effectiveness. Outcome tracking should include postoperative opioid consumption, pain scores, recovery metrics such as PACU length of stay, and adverse events, including respiratory depression, sedation, and postoperative nausea and vomiting. Ongoing evaluation of these metrics will support protocol refinement and ensure alignment with best practices in perioperative pain management.
Recommendations for Research
Findings from this integrative review highlight several important gaps in the current evidence base and support the need for further research to refine the clinical application of intraoperative methadone in perioperative pain management. Although existing literature demonstrated consistent improvements in postoperative pain control and reductions in opioid consumption, heterogeneity in study design, dosing strategies, and patient populations limits the ability to establish standardized clinical guidelines.
A primary area for future research is the development of large-scale, randomized controlled trials utilizing standardized perioperative protocols. Current evidence, while supportive, is derived from studies with heterogeneous methodologies, limiting direct comparability and generalizability. Future trials should aim to standardize dosing strategies, timing of administration, and multimodal analgesic regimens to better isolate the effect of intraoperative methadone and strengthen causal inference. 
Further investigation is also needed to define optimal dosing strategies and patient selection criteria. Evidence from this review demonstrated a dose-dependent relationship, yet variability in weight-based dosing approaches and lack of consensus on dose thresholds contributed to inconsistent outcomes. Future research should focus on refining dosing ranges, evaluating the impact of dose capping strategies, and determining how patient-specific factors, including age, comorbid conditions, and baseline opioid use, influence both efficacy and safety.
The role of intraoperative methadone within ERAS pathways represents another important area for investigation. While current findings suggest that methadone enhances multimodal analgesia, future research is needed to evaluate its integration into standardized ERAS protocols and to determine its relative contribution when combined with other adjuncts. This includes identifying specific surgical populations and procedural contexts in which methadone provides the greatest clinical benefit.
Evaluation of methadone use in higher-risk patient populations remains limited and warrants further study. Populations including older adults, patients with obstructive sleep apnea, hepatic dysfunction, and chronic opioid use are underrepresented in the literature. Targeted research in these groups is necessary to better characterize safety profiles, optimize dosing strategies, and inform risk stratification in clinical practice.
Long-term outcomes associated with intraoperative methadone use also represent a critical gap in the literature. While short-term improvements in postoperative pain and opioid consumption are well established, limited data exist regarding its impact on persistent postoperative pain, long-term opioid use, and recovery trajectories. Future studies should incorporate extended follow-up periods to evaluate these outcomes and determine the broader implications of methadone use on patient recovery and opioid use. 
Finally, additional research is needed to evaluate the use of intraoperative methadone in ambulatory and outpatient surgical settings. Although preliminary evidence suggests potential benefit, concerns remain regarding its prolonged duration of action in patients discharged on varying postoperative opioid regimens. Studies examining post-discharge pain control, opioid consumption, and adverse events in outpatient populations are necessary to inform safe and effective implementation in these settings.
Dissemination
Across the literature, a major barrier to the incorporation of methadone in anesthesia practice is limited provider familiarity and persistent misconceptions regarding its safety and clinical application (Mercadante, 2023). Dissemination of this integrative review was undertaken to address this gap and support continuing education and evidence-based perioperative practice.
A PowerPoint presentation highlighting the findings of this review was developed and presented by the authors to local anesthesia provider groups. The presentation is included in Appendix A.
On April 10, 2026, the authors presented the findings of this review to anesthesia staff at two clinical sites: Northern Light AR Gould Hospital in Presque Isle, Maine (presented by Johanna Bennett) and Maine Coast Hospital in Ellsworth, Maine (presented by Abigail Lee). Across both sites, audiences consisted of physician anesthesiologists and certified registered nurse anesthetists (CRNAs), including one physician anesthesiologist and five CRNAs at Northern Light AR Gould Hospital, and two physician anesthesiologists and six CRNAs at Maine Coast Hospital. Presentations lasted approximately 15 minutes and included time for audience questions and discussion.
Common themes identified across both presentations included concerns regarding the potential impact of methadone on postoperative recovery metrics, particularly PACU and hospital length of stay, as well as hesitancy related to its prolonged duration of action and perceived risk of delayed respiratory depression. These concerns were notable, given that the current literature demonstrates comparable safety outcomes and no increase in clinically significant adverse events, highlighting a gap between the available evidence and provider perceptions. Additional questions focused on appropriate patient selection, dosing strategies, and integration into existing multimodal and ERAS-based protocols, further emphasizing the need for structured implementation guidance and targeted provider education.
On June 13, 2026, the authors will participate in the doctoral research symposium at the University of New England. Attendees will include student registered nurse anesthetists (SRNAs) and practicing CRNAs. A poster presentation will synthesize the findings of this integrative review and will be presented by the authors.
To further expand dissemination, the authors will also participate in a professional podcast, Anesthesia Guidebook, hosted by Jon Lowrance, CRNA. An episode will be recorded in which the authors discuss the clinical implications and findings of this integrative review for a broader anesthesia audience.
Conclusion
This integrative review synthesized current evidence evaluating the use of intraoperative intravenous methadone in perioperative pain management in adult surgical patients. Across multiple surgical populations, the current literature demonstrated that a single intraoperative dose of methadone provides more consistent and sustained analgesia compared with conventional short-acting opioids. Intraoperative methadone was consistently associated with improved postoperative analgesia and reduced opioid consumption without an increase in clinically significant adverse effects, including PONV, respiratory depression, or prolonged PACU stay.
Methadone’s multimodal pharmacologic profile contributes to its clinical effectiveness in the perioperative setting, supporting sustained analgesia and attenuation of central sensitization. These properties, combined with its prolonged duration of action, allow for a more stable perioperative analgesic coverage during the immediate postoperative period. Evidence synthesized in this review suggests that intraoperative methadone functions as an effective component of multimodal analgesia and may demonstrate enhanced benefit when incorporated alongside other adjunctive therapies. The findings support methadone as a safe and effective component of multimodal and ERAS-based perioperative care. Successful implementation requires appropriate patient selection, standardized dosing strategies, and vigilant perioperative monitoring. 
Although current evidence supports the safety and efficacy of intraoperative methadone for postoperative analgesia, important gaps remain in the literature, particularly regarding optimal patient selection, use in high-risk populations, standardized dosing strategies, and application across diverse surgical settings. Additional large-scale studies are needed to refine dosing strategies, evaluate long-term outcomes, and further inform evidence-based implementation within perioperative pain management protocols. The current literature highlights the importance of standardized dosing and monitoring practices to optimize postoperative pain control and reduce opioid exposure. Continued investigation will further define methadone’s role in perioperative analgesia and support its integration into evidence-based anesthesia practice.
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Appendix A
PowerPoint Presentation: Intraoperative Methadone for Postoperative Pain Management
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