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Abstract

Background/Objectives: Intraoperative methadone has emerged as a significant pharmacological
strategy in cardiac surgery to improve postoperative analgesic outcomes and reduce the reliance on
rescue short action opioids. This review aims to synthesize evidence regarding the safety and efficacy
of intravenous methadone compared to other strategies for postoperative pain control in adult and
pediatric cardiac surgeries. Methods: This narrative review relied on electronic searches in PubMed,
Web of Science, Cochrane Library, and EMBASE up to January 2026. From 199 articles retrieved, 41
were included, focusing on analgesic efficacy, safety, pharmacokinetic variations during
cardiopulmonary bypass (CPB), and cost-effectiveness. Results: The implementation of methadone
results in a 30% to 70% reduction in postoperative opioid requirements. Patients experience
significantly lower pain scores from 24 to 72 hours and a 20% to 30% improvement in satisfaction
regarding their recovery. In pediatric populations (neonates and children), the use of methadone
leads to a significant reduction in opioid needs and a high rate of extubation in the operating room.
Pharmacokinetically, a 48% drop in methadone concentration occurs during CPB due to
hemodilution and sequestration. Safety data confirms that intraoperative use does not prolong
mechanical ventilation; however, doses exceeding 0.25 mg/kg are linked to an increased incidence of
delirium. Economically, optimized recovery generates savings of up to $6,355 per patient within
seven days. Conclusions: Intraoperative methadone is a robust and safe analgesic option for cardiac
surgery, including pediatric cases. It offers profound opioid-sparing effects and significant cost
reductions, if dosages are carefully managed to minimize delirium risks.

Keywords: methadone; cardiac surgical procedures; postoperative pain; pharmacokinetics

1. Introduction

Acute postoperative pain commonly affects patients after cardiac surgery, particularly during
the first 48 hours following the operation, and often presents with moderate to severe intensity [1].
This pain substantially hinders recovery, adversely affecting mobility, pulmonary function, and
overall quality of life [2]. Therefore, achieving effective postoperative analgesia is essential to mitigate
these negative outcomes and accelerate recovery [3]. Opioids have traditionally the cornerstone of
perioperative analgesia for cardiac surgery patients, both during and after surgery, despite increasing
awareness of dependence risks and other long-term harms [4]. While opioids provide excellent pain
relief, their adverse effects — such as respiratory depression, nausea, and vomiting — can extend
mechanical ventilation and slow recovery [5]. As a result, developing multimodal analgesic
approaches that reduce opioid exposure while preserving pain control has become a central objective
in contemporary practice [6]. Multiple studies have evaluated combinations of agents like
dexamethasone, gabapentin, ibuprofen, and paracetamol to diminish postoperative opioid
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requirements after cardiac procedures [7]. Nevertheless, opioid therapy remains a key element of
postoperative analgesia in cardiac surgery [4].

In this scenario, methadone emerges as a promising alternative due to its unique
pharmacokinetic and pharmacodynamic profile, which includes a long half-life that can reach up to
72 hours depending on the dose, and action on multiple opioid receptors [8]. Concurrently, plasma
concentrations of methadone after intravenous administration equilibrate rapidly with the site of
effect, with a t1/2 ke0 of 4 minutes [8]. Its application as a single intravenous dose during anesthesia
induction has demonstrated provision of rapid and prolonged pain relief, which can mitigate both
acute postoperative pain and chronic pain in patients undergoing cardiac surgery (Figure 1) [8,9].
Furthermore, methadone has a mechanism of action that extends to the blockade of N-methyl-D-
aspartate receptors, conferring additional properties that may attenuate central sensitization and
opioid tolerance [9]. Inhibition of serotonin and norepinephrine reuptake also contributes to its
robust analgesic profile, significantly differentiating it from morphine, which primarily acts on p
opioid receptors [9]. This pharmacological difference suggests that methadone may offer superior
analgesia with a potentially more favourable adverse effect profile compared to morphine or other
short-acting opioids leading to fewer adverse effects and promoting multimodal analgesia [4].

100

= ana!gesia 0.0 05 10

Blood methadone (ng/ml)

1 T L} T L L} T T

0 12 24 36 48 60 72 84 96
Time (hr)

Figure 1. Methadone pharmacokinetics show both a fast onset and a long-lasting effect. The duration of action

is dependent on the administered dose. Reprinted with permission from E. D. Karasch [8].

The objective of this review is to synthesize the current evidence regarding the safety and
efficacy of intravenous methadone compared to other strategies such as intravenous morphine or
other short-acting opioids and even different techniques in controlling postoperative pain in patients
undergoing cardiac surgeries, both in adult and pediatric populations, addressing aspects such as
opioid consumption, mechanical ventilation time, patient satisfaction, financial impact, and incidence
of adverse events.
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2. Materials and Methods

Electronic search was conducted in four research databases: PubMed, Web of Science, Cochrane
Library, and EMBASE. The literature search was completed on January 10, 2026. The search terms,
including Boolean operators, were as follows:

PubMed:

e intraoperative methadone AND cardiac surgery [All Fields]

e  (“Cardiac Surgical Procedures”[Mesh]) AND “Methadone”[Mesh]

o Web of Science:

e  Methadone AND Cardiac surgery (All fields)

¢  Methadone AND (Cardiac surgery OR Heart Surgery)

e EMBASE:

e (‘intraoperative methadone” OR (intraoperative AND (‘methadone’/exp OR methadone)))

AND (‘heart surgery’/exp OR “heart surgery’)

e Cochrane Library
¢  Methadone in Record Title AND “cardiac-surgery” in Record Title—(Word variations have
been searched)

A manual search of references was also performed. All studies evaluating the use of
intraoperative methadone in patients of any age range undergoing open or minimally invasive
cardiac surgery were included. This strategy included randomized clinical trials, observational
studies, editorials, and review articles. The articles were independently reviewed by two authors in
parallel (IRR and AJP), with discrepancies resolved by the senior author (JPJP). Congress abstracts,
case reports, and manuscripts in languages other than English were excluded from the review.

3. Results

After the search, a total of 199 articles were retrieved. After removing duplicates, 41 articles from
the literature were included, focusing on the main outcomes related to the analgesic efficacy, safety,
and clinical impacts of methadone compared to other medications or techniques in the context of
cardiac surgery. The search strategy flowchart is detailed in Figure 2.

Search Strategy & Selection Process
From 199 raw records to 41 included studies (Search completed Jan 10, 2026)

Web of Science EMBASE PubMed Cochrane Library

99 52 34 14

I I I |
¥

Total Records Identified: 199

e —————————

! Excluded: 158

+ Duplicate records

+ Congress abstracts

+ Case reports

+ Manuscripts in non-English
languages

L.

41

Total Studies Included

Assessing analgesic efficacy, safety, and clinical
impacts in adult and pediatric cardiac surgery.

Figure 2. Search strategy diagram: flow chart of the studies in the narrative review.
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All observational studies and clinical trials in the adult population available up to the time of
this literature review are listed in Table 1. The observational studies and clinical trials that studied
intraoperative methadone in pediatric cardiac surgery are listed in Table 2. The remaining review
articles, post-hoc analysis of the already published clinical studies, editorials, and consensus were

used to further discuss the findings from these main articles.

Table 1. Clinical trials and observational studies on methadone in adult cardiac surgery.

Number of
Author and Year Study Design . Groups Conclusion
Participants
Methadone might even reduce the incidence of PONV
Udelsmann et al. Randomized, Double- 5 Methadone vs. Morphine vs.  when compared to morphine or placebo. The first
[10] blind Clinical Trial Placebo analgesic dose in the methadone group was
administered later than in the other group.
Methadone resulted in significantly lower pain scores
and reduced postoperative morphine requirement.
Randomized . Patients reported improved quality of perceived pain
Murphy et al. Intraoperative Methadone A . .
Controlled, Double- 156 management. No difference in duration of tracheal
2015 [11] ) o . vs. Fentanyl
blind Clinical Trial intubation, hypoxemia, or hypoventilation. The

Randomized, Double-
blind, Clinical Trial

Carvalho et al.
2018 [12]

Burtoft et al. 2020  Retrospective chart

[13] review

Wang et al. 2021 Retrospective Cohort
[14] Study

Eisenbraun et al. Retrospective, 2-stage
2023 study

Buckner Petty et Retrospective Cohort
al. 2024 [15] Study

Edwards et al.
2024 [16]

Retrospective Cohort
Study

incidence of nausea and vomiting did not differ
significantly between groups.
Methadone showed 22% greater efficacy than
morphine. It was superior in analgesia, reduced
morphine requirement in the first 24h, and improved
Intravenous Methadone vs. . . . . .
104 . pain scores at 24h. Patient satisfaction was higher.
Intravenous Morphine . . o .
Differences in the incidence of nausea and vomiting
between the methadone and morphine groups were
not statistically significant.
Pre-incisional methadone associated with lower risk of
Pre-incisional intravenous severe pain and less opioid use in the first 24h

methadone (0.15-0.3 mg/kg) postoperatively. However, there was no reduction in

124
vs. No methadone use (other total cumulative opioid dose or length of hospital stay.
perioperative opioids) This study focused on adults undergoing robotic-
assisted mitral valve repair.
Patients in the methadone group showed mild and
117 Intraoperative Methadone well-controlled pain relief on postoperative day zero.
vs. Usual Care No significant differences were found in extubation
time or use of non-invasive respiratory support.
Opioid-only; Multimodal 1
(preoperative extended- . . . )
Multimodal regimens, particularly Multimodal 2
release oxycodone, - .
. ] ) (methadone + dexmedetomidine), significantly
intraoperative ketamine, . . . o
. . reduced intraoperative and postoperative opioid use,
4,326 postoperative morphine . . .
. i leading to 0 mg OME before hospital discharge and
suppository); Multimodal 2 . . . )
. . reduced pain scores (especially in the first 0-6 hours for
(intraoperative methadone .
o Multimodal 2).
and dexmedetomidine
infusion)
. The combination prolonged the time to first
Methadone + Ketamine . o
postoperative opioid and reduced total OMEs
6,856 (M+K Group) vs. Methadone . . . .
Onl consumption on Day 0. No differences in pain scores
n
Y or other complications beyond POD 0.
Patients in the methadone group had lower mean pain
11967 Methadone vs. No scores up to postoperative day 7. Lower total opioid

Methadone consumption from PODO to POD6. No increased

incidence of PONV was found. The incidence of
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postoperative complications did not differ between
groups.
Intrathecal morphine associated with lower pain scores
Intravenous Methadone vs.
LaCollaetal. Retrospective Cohort on POD 0, but no difference in opioid consumption or
289 Intrathecal Morphine in
2024 [17] Study outcomes beyond POD 0. Methadone can be
ERACS protocol . . .
considered a safe and effective alternative.
Higher methadone doses associated with more
significant reductions in pain and opioid consumption.
Milam et al. 2024 Retrospective Cohort 12.017 Different Methadone All dosages significantly prolonged the time to first
[18] Study ’ dosages vs. No Methadone postoperative opioid requirement. Higher methadone
doses were associated with a significantly increased
risk of developing delirium.
Plasma methadone concentrations dropped 48%
during CPB due to hemodilution and sequestration.
Salas et al. 2024 Methadone in patients ~ Plasma concentrations at the end of surgery would be
Pharmacokinetic Study 29
[19] undergoing CPB below the range for effective analgesia. A
supplemental dose of 0.05 mg/kg after CPB may
compensate for the decrease.
Associated with a slightly longer duration of initial

mechanical ventilation, but clinical significance is

Singh et al. 2024 . Intraoperative Methadone . T
Observational Study 1,338 questionable as most were extubated within 24 hours.
[20] vs. No Methadone . . .
Reduced postoperative pain and accelerated opioid
weaning. Considered safe.
Multimodal protocol
. . (methadone + magnesium, Reduced mechanical ventilation time, postoperative
Weinberg et al. Multicenter . . . . o : .
. 263 ketamine, lidocaine, pain scores, and opioid consumption without
2024 [21] Observational Study o .
dexmedetomidine) vs. Usual increased adverse events.
care
Methadone provides superior analgesic control,
resulting in significantly lower pain scores. A 63%
reduction in postoperative morphine requirement at 24
Randomized h and 69% at 72 h. Methadone concentrations, despite
Wong et al. 2025 o Intravenous Methadone vs. . . . o
Controlled Clinical 86 . falling during CPB, remained above the minimum
[22] . Intravenous Morphine . . . .
Trial effective analgesic concentration for approximately 24

h after administration. No differences were observed
in opioid-related adverse effects within 72 hours of

surgery, including nausea and vomiting.

CPB: cardiopulmonary bypass; OME: oral morphine equivalents; POD: postoperative day.

Table 2. Observational studies in pediatric patients undergoing cardiac surgery.

Number of
Author and Year Study Design . Groups Conclusion
Participants

The methadone group required less intraoperative opioids,

. in the first 12 hours postoperative, and during the first 36

) Retrospective . A . )
Robinson et al. 2019 . Intraoperative hours postoperative. There was no association with
Cohort Study with 74 o .
[23] . Methadone vs. Controls extubation time, ICU length of stay, pain scores, or adverse
case matching ) . . .
events such as extubation failure, QTc prolongation, or in-
hospital mortality.
. . There was a significant decrease in intraoperative opioid
Pre-intervention group . .
“Before and After” . . and sedative doses in both age groups. In non-neonates,
Barnett et al. 2020 [24] 198 vs. Post-intervention o !
Study there was also a reduced need for opioids in the first 24h
rou
group postoperative.
. ) . Multimodal analgesic . L . .
Iguidbashian et al. Retrospective Case . High rate of extubation in the operating room; mean time
. 24 regimen centered on . o
2020 [25] Series to first supplementary opioid dose of 5.1 hours; modest

intravenous methadone
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supplementary opioid consumption; no reintubations
required.

There were no significant differences in postoperative

. . Intraoperative opioid use, mean/maximum pain, antiemetic use,
Blasiole et al. 2025 Retrospective . . } .
287 Methadone vs. Non- reintubation, or naloxone use in adjusted analyses.
[26] Cohort Study ) . . .
methadone Analgesia Hospital length of stay was 2.62 times longer in the

methadone group for children <6 years.

ICU: intensive care unit.
4. Discussion

4.1. Methadone Dose, Timing of Administration, and Influence of Cardiopulmonary Bypass (CPB)

The doses of methadone used intraoperatively in cardiac surgery for postoperative analgesia
range between 0.1 mg/kg and 0.3 mg/kg intravenously [22,27,28], generally administered as a single
dose based on the patient’s actual body weight. The most frequently studied and used dose in
randomized clinical trials is 0.2 mg/kg or 0.3 mg/kg IV. In some protocols, there is an absolute
maximum limit of 20 mg per dose.

These doses are typically administered after anesthetic induction and before surgical incision,
aiming to establish therapeutic plasma levels before the initial painful stimulus [16]. However,
Carvalho et al. administered intravenous methadone at the end of anesthesia compared to
intravenous morphine, being superior in analgesia in myocardial revascularization surgeries [12].

The behaviour of methadone plasma concentration can be altered due to hemodilution and
changes in blood flow during CPB, which may impact its distribution and elimination, and
consequently its analgesic efficacy and safety profile [19]. The study by Salas et al. demonstrated an
average 48% drop in methadone concentrations during CPB [19]. Specifically, mean methadone
concentrations dropped from 34.8 ng/mL to 18.2 ng/mL after 60 minutes of CPB [19]. This decrease is
attributed to hemodilution and drug sequestration in the CPB circuit components [19]. Likewise, the
study by Wong et al. observed a significant drop in methadone plasma levels after the start of CPB,
resulting in a 37% decrease in methadone plasma concentration [22]. They noted that mean
methadone concentrations were 51 ng/mL before CPB and 32 ng/mL after the end of CPB [22].

These findings highlight the need to adjust the dosage or consider supplemental administration
strategies to maintain methadone’s analgesic efficacy in patients undergoing CPB, ensuring
optimized postoperative pain control [19]. A proposed strategy to compensate this phenomenon is
the administration of a supplemental bolus dose of 0.05 mg/kg after the end of CPB, as suggested by
some studies, to restore therapeutic plasma levels and optimize postoperative analgesia (Figure 3)
[19], as according to the authors, plasma concentrations at the end of surgery would be below the
range for effective analgesia, which is suggested to be around 30 to 80 ng/mL. However, with the
same dose of 0.2 mg/kg, Wong et al. demonstrated that methadone concentrations, despite decreasing
during CPB, remained above the minimum effective analgesic concentration of 30 ng/mL for
approximately 24 hours after administration [22]. Therefore, the supplementary methadone dose is
still contentious.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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CPB Period: ~48% Concentration Decrease
(Due to Hemodilution & Circuit Sequestration)
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Figure 3. Methadone plasma concentration decreases significantly after CPB to levels close to or below its
therapeutic analgesic range. A proposed strategy to avoid the early offset of its effect is a supplementary bolus

of 0.05 mg/kg proposed by [19] after CPB. CPB: cardiopulmonary bypass.

4.2. Postoperative Pain Scores

The comparative analysis between methadone and intravenous morphine has demonstrated
that methadone provides superior analgesic control [22], resulting in significantly lower pain scores
in the first 24 to 72 hours after tracheal extubation [11]. This improvement in pain control is attributed,
in part, to methadone’s pharmacological profile, which a long elimination half-life and action on
NMDA receptors, contributing to more stable and prolonged analgesia [8,9]. Studies reveal that
patients treated with methadone exhibit a reduction in postoperative pain scores that can range from
2 to 3 points on a 10-point numerical pain scale, compared to control groups receiving morphine or
other opioids [11,29]. For example, a randomized controlled trial found that mean numerical pain
scale scores in the methadone group decreased from 1.28 at 15 minutes post-extubation to 0.55 at 72
hours, while in the morphine group, the reduction was from 3.52 to 1.27 over the same period [22].
Additionally, another clinical trial showed 22% higher efficacy of patients receiving intraoperative
methadone than morphine as it yielded a number-needed-to-treat (NNT) score of 6 of satisfactory
analgesia in the first 36 hours [12]. This consistency in findings across different study designs
reinforces methadone’s efficacy in optimizing postoperative pain management in cardiac surgeries,
evidencing its potential to improve patient comfort [4].

In long-term follow-up, patients in the methadone group in cardiac surgeries reported
significantly lower frequency of postsurgical pain at 1 month (median score 0) than it was in patients
randomized to receive fentanyl (median score 2 [twice per week], P = 0.004) [30]. However, after the
first month, no significant differences in pain were observed between the methadone and fentanyl
groups at 3, 6, or 12 months post-surgery [30].

In minimally invasive techniques, such as robotic cardiac surgery, intravenous methadone
before surgical incision also showed an impact on reducing the risk of severe postoperative pain,
reflecting a lower need for opioids in the first 24 postoperative hours [13].

4.3. Postoperative Opioid Consumption

In regards to postoperative opioid consumption in the first days after cardiac surgery,
intravenous methadone has demonstrated a significant effect in reducing the need for short-acting
opioid rescue doses [4]. Various studies corroborate that intraoperative methadone administration
results in a substantial decrease in total morphine equivalent consumption in the first 24 to 48 hours,
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with reductions ranging from 30% to 70% compared to standard protocols [16,22]. For example, a
retrospective study in cardiac surgery demonstrated that intraoperative methadone led to a relative
reduction of 44% in morphine equivalent needs in the first 24 postoperative hours, although this
difference was not maintained beyond that period [14]. Another large retrospective study indicated
that the reduction in opioid consumption was more prolonged with lower opioid utilization in the
first 6 postoperative days without compromising pain control [16].

Clinical trials using methadone also showed a marked reduction in postoperative opioid
consumption. Wong et al., in a recent clinical trial, evidenced a significant reduction in postoperative
morphine needs, with a 63% decrease at 24 hours and 69% up to 72 hours, in addition to a longer time
to the first morphine rescue dose for patients who received methadone [22]. In another clinical trial,
intraoperative methadone led to a 43% reduction in total intravenous morphine needs in the first 3
postoperative days [11]. Another clinical trial revealed that patients receiving methadone
intraoperatively required significantly less rescue morphine (29%) than the morphine group (43%) (p
=0.002) [12].

In a secondary analysis, Milam et al. demonstrated that higher methadone doses (> 0.25mg/kg)
were associated with more significant reductions in average pain scores and total morphine
equivalent consumption in the first postoperative days, compared to the no-methadone group and
lower doses (< 0.25 mg/kg) [18]. In this study, all methadone dosages significantly prolonged the time
to first postoperative opioid need, with higher doses showing a more pronounced effect. Benefits in
pain reduction and opioid consumption were observed for several days, although they tended to
diminish after Day 4 or Day 5 for total morphine equivalents consumption. Lower doses also
demonstrated benefits, but generally to a lesser magnitude compared to higher doses, especially in
more immediate pain and opioid consumption outcomes [18].

This benefit of reduced opioid consumption during hospitalization is particularly relevant, as
lower exposure to these drugs in the postoperative period has been associated with a decreased risk
of developing chronic dependence and persistent pain [4,31,32].

4.4. Patient Satisfaction

Objective measures of patient satisfaction indicate that methadone enhances the postoperative
recovery experience after cardiac surgery compared with morphine in several domains, including a
higher proportion of patients reporting excellent pain control [12]. This better pain experience
contributes to a quicker, less distressing recovery and manifests in higher overall satisfaction scores
[12]. The improvement in satisfaction is generally in the 20%-30% range versus morphine-based
protocols, with patients often describing better sleep and fewer adverse effects [32].

4.5. Postoperative Nausea and Vomiting (PONV)

Regarding PONV in cardiac surgery, methadone has demonstrated a comparable or even lower
incidence of gastrointestinal adverse events compared to morphine, despite its prolonged half-life
[27]. Some studies suggest that methadone may have a more favourable gastrointestinal safety
profile, resulting in less need for antiemetics and a more comfortable recovery [11]. The absence of
significant differences in opioid-related adverse effects, including nausea and vomiting, within 72
hours after cardiac surgery reinforces methadone’s safety profile [22]. The study by Edwards et al.
also found no increase in the incidence of PONV with methadone use, even when compared to its
non-administration [16]. The study by Udelsmann et al. found that methadone may even reduce the
incidence of PONV compared to morphine or placebo [10].

4.6. Respiratory Depression and Mechanical Ventilation Time

One of the main concerns related to intraoperative methadone use, due to its prolonged half-life
of 24-36 hours, is the potential for respiratory depression or prolongation of mechanical ventilation
time. Serum methadone concentrations for respiratory depression must be above 100 ng/ml, which
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occurs for a few minutes after its intravenous administration [8,9]. However, current literature does
not support this concern, with various studies demonstrating that intraoperative methadone in
cardiac surgeries does not significantly prolong extubation time or mechanical ventilation duration
compared to other opioids [12,22]. Recent systematic review indicates methadone’s safety in this
regard, showing no link to increased hypoventilation, hypoxemia, or need for extended ventilatory
support within 24 hours postoperatively [4]. Rates of respiratory complications, including hypoxia,
do not significantly differ between methadone and fentanyl groups [4,31].

4.7. QT Interval Prolongation

A significant concern with methadone use, especially at higher doses or in patients with cardiac
comorbidities, is the potential to prolong the QT interval, which may increase the risk of severe
ventricular arrhythmias, such as Torsades de Pointes [32]. This effect of methadone occurs through
inhibition of HERG channels, which theoretically can lead to long QT syndrome [33]. A large
retrospective study specifically evaluating QTc interval demonstrated that a single intraoperative
methadone administration did not prolong QTc nor increase the incidence of postoperative
arrhythmias in adults undergoing cardiac surgery. A modest and transient QTc prolongation was
observed immediately after surgery, which normalized within 24 hours, both in methadone and
control groups. Additionally, there were no significant differences in ventricular or atrial
arrhythmias, nor in 30-day or 1-year mortality between groups [33]. The study also highlights that
other common perioperative medications, such as fentanyl and ondansetron, can cause QT interval
prolongation and have additive effects [33]. The study by Edwards et al. also investigated QTc
changes, concluding that the QTc change in the group receiving only methadone was not statistically
different from the change in the group not receiving methadone. Interestingly, the group receiving
methadone along with other opioids showed a decrease in QTc after surgery compared to before
surgery [16].

4.8. Postoperative Delirium

Although delirium after cardiac surgery is a common, multifactorial complication, most studies
of intraoperative methadone have not consistently shown an increased delirium incidence versus
other analgesic strategies. However, one retrospective cohort study found that higher methadone
doses (>0.25 mg/kg) were associated with a significantly greater risk of postoperative delirium
compared with lower doses (<0.25 mg/kg) [18]. Thus, careful dose selection is essential to mitigate
delirium risk, particularly in vulnerable patients.

4.9. Methadone as an Opioid-Sparing Strategy in Multimodal Analgesia

Despite being an opioid, methadone stands out for its ability to act as a strategy to spare other
short-acting opioids [34]. This is attributed, in part, to its long half-life and versatile mechanism of
action, which includes NMDA receptor antagonism and inhibition of neurotransmitter reuptake,
contributing to more sustained analgesia and reducing opioid-induced hyperalgesia [9,32].
Considering methadone in multimodal analgesia, a recent retrospective study in adults undergoing
cardiac surgery compared three regimens: opioid-only, multimodal 1, and multimodal 2. The
multimodal regimens, especially the one with methadone and dexmedetomidine, significantly
reduced total opioid consumption before hospital discharge [35]. Another recent study comparing
methadone alone with the combination of methadone and ketamine demonstrated that the
methadone-ketamine combination prolonged the time to first postoperative opioid administration
and reduced total opioid consumption on the first day, indicating an additional benefit in early opioid
consumption reduction; however, the combination did not show additional benefits regarding pain
scores or other complications beyond the immediate postoperative period [15].

Another observational study assessing methadone as a component of a multimodal strategy, in
combination with magnesium, ketamine, lidocaine, and dexmedetomidine, by Weinberg et al., found
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a 35% reduction in total mechanical ventilation time compared to the usual care group. Additionally,
40.2% were extubated within 4 hours, versus 11.4% in the control group. In addition to respiratory
benefits, the multimodal strategy provided patients with lower pain intensity in the first 24
postoperative hours, with a maximum score of 4, versus 6 in the usual care group. In parallel, there
was lower morphine equivalent consumption in the first 24 and 48 postoperative hours. Furthermore,
the multimodal protocol did not increase risks of adverse events, reintubations, or critical care unit
readmissions, and there was no respiratory depression requiring naloxone or reintubation in any
group [21]. It is important to emphasize that the study evaluated the combination of medications
within a multimodal protocol compared to the traditional opioid-based protocol, not the isolated use
of methadone. In this context, methadone contributed to enhanced postoperative analgesia and
opioid use reduction, highlighting its opioid-sparing property [21].

When compared to traditional techniques used for postoperative analgesia, such as intrathecal
morphine, intravenous methadone proved to be a comparable option in terms of opioid
consumption, with no significant difference in opioid consumption measured as oral morphine
equivalents, despite intrathecal morphine showing a marginal mean effect of 0.49 in reducing
immediate postoperative pain scores. This study reinforces methadone as a valuable alternative in
postoperative pain management in cardiac surgery within an ERAS protocol, mainly due to concerns
regarding coagulation changes inherent to heparinization during CPB and the risk of spinal
hematoma associated with neuraxial techniques [17].

A small clinical pilot trial showed that even when given orally at 0.3 mg/kg in preoperative
setting, just before operation theatre admission, methadone may be a valuable strategy in the context
of multimodal analgesia, reducing significantly the opioid consumption in the first 24 hours when
compared to placebo without increasing adverse effects, serving as a simple opioid sparing technique
[36].

In light of the growing evidence, methadone administration is recognized and recommended in
the Enhanced Recovery After Surgery context for cardiac surgery as a strategy that contributes to
multimodal analgesia, aiming to reduce total opioid consumption, decrease postoperative pain
intensity, and consequently optimize patient recovery [29,37].

4.10. Methadone in Pediatric Cardiac Surgery

Although most research focuses on adults, intravenous methadone has also been explored in
pediatric cardiac surgeries, presenting a distinct pharmacokinetic and pharmacodynamic profile that
requires specific considerations for this population. The doses reported in pediatric cardiac surgery
are variable. In one study, the dosage used was 0.1 mg/kg in increments at induction, incision, and
start of cardiopulmonary bypass, with the total intraoperative dose not exceeding 0.4 mg/kg [24].
Another study used a mean methadone dose of 0.26 mg/kg [25]. In a specific case, the dose was
reduced to 0.15 mg/kg for a patient undergoing a procedure without CPB. In summary, the 0.1 mg/kg
intravenous dose is frequently cited as an initial or incremental dose in pediatric protocols [38].
However, the spectrum of doses used can extend up to 0.3 mg/kg as a single dose, or up to 0.4 mg/kg
as a total intraoperative dose [24,25].

A recent pharmacokinetic study of intravenous methadone in the pediatric age group suggests
an initial dose of 0.1 mg/kg intravenously every 8 hours for pain control in children, with the caveat
that titration is essential due to significant individual variability, as the observed median half-life of
methadone was 20.5 hours (3.0-86.2 hours) [38]. This wide variability in half-life indicates that the
duration of effect may differ significantly among children, reinforcing the need for individualized
titration. Dosage recommendations for children under 6 months of age should be interpreted with
caution, as the effects of methadone clearance maturation may not have been fully captured by the
study model. For pain control, a safety target was established as having less than 10% of simulated
individuals with a maximum concentration above 300 ng/mL. The maximum recommended dose is
10 mg per dose [38]. Another pharmacologic study, in adolescents (10-18 years), but in major non-
cardiac surgeries, showed that patients who received methadone intraoperatively (0.1 mg/kg,

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202602.1397.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 23 February 2026 d0i:10.20944/preprints202602.1397.v1

11 of 15

maximum 5 mg) and postoperatively every 12 h for 3-5 doses in a multimodal analgesic protocol
resulted in safe and lower blood methadone levels, <100 ng/ml, a threshold previously associated
with respiratory depression [39].

Some studies, such as Robinson et al. and Barnett et al., indicate that intraoperative methadone
is associated with a significant decrease in opioid use, both intraoperatively and in the first 24-36
postoperative hours, in pediatric patients [23,24]. The study by Robinson et al. indicated that the
methadone group consumed approximately 43% to 54% less morphine equivalents per kilogram
intraoperatively, in the first 12 hours, and in the first 36 postoperative hours compared to the control
group [23]. Similarly, the study by Barnett et al. showed reductions of about 65% in intraoperative
opioid dose and 50% in the first 24 postoperative hours in non-neonatal patients, and a 66%
intraoperative reduction in neonates in the methadone group [24]. Robinson et al. and Iguidbashian
et al. suggest that this methadone presents acceptable safety, without increased incidence of
significant adverse events, such as extubation failure, QTc prolongation, or nausea and vomiting,
when used intraoperatively in children [23,25].

As part of a multimodal regimen, in association with ketamine, lidocaine, acetaminophen, and
parasternal ropivacaine injection, methadone facilitates recovery by promoting early extubation and
enhanced recovery. The study observed a high rate of 96% extubation in the operating room in
pediatric patients undergoing cardiac surgery, and no reintubation was required [25]. Finally, in
older children, intraoperative methadone demonstrated analgesia comparable to non-methadone-
based analgesia [26].

However, several limitations must also be considered in the intraoperative use of methadone in
the context of pediatric surgery. Most studies are retrospective, cohort studies, or case series. This
means there is an inherent risk of biases and confounding factors, limiting the ability to establish
strong causality. Additionally, some studies, such as Robinson et al. and Iguidbashian et al., have
relatively small samples, which may limit the generalization of results. Furthermore, variations in
methadone doses, administration schedules, and the use of multimodal regimens (as in Iguidbashian
et al.) make it difficult to isolate the pure effect of methadone and compare directly between studies
[23,25]. The study Blasiole et al., for example, suggests that the benefits of methadone may vary with
age, with younger children presenting longer hospital stays and higher maximum pain scores in the
methadone group [26]. Finally, the studies mainly focus on perioperative outcomes and the first
hours/days after surgery, without addressing the long-term impact of methadone on chronic pain or
neurological development.

Therefore, future prospective and randomized studies with larger samples are crucial to better
elucidate the role of methadone in pediatric cardiac surgeries, noting that the clinical trial Evaluation
of Analgesia for Cardiac Elective Surgery in Children (https://clinicaltrials.gov/study/NCT06626035) is
still in the recruitment phase.

4.11. Financial Impact

The implementation of intravenous methadone can generate significant savings for the health
system by reducing hospital length of stay and costs associated with postoperative complications and
high consumption of other more expensive analgesics. These savings are justified by the possibility
of earlier discharge and the reduction in the need for treatments for chronic pain, which often result
from inadequate management of acute postoperative pain [40]. Additionally, standardizing pain
management strategies, including the use of methadone, can optimize hospital resources and
improve health system efficiency [41]. A recent study showed that intraoperative methadone use,
especially combined with short-acting opioids, is associated with significant reduction in
postoperative costs in cardiac surgery. Adjusted mean costs for 7 days were $6,355 higher in the
group without methadone compared to the methadone group; on postoperative days 0 and 1, daily
costs were significantly higher without methadone. Unadjusted total costs for 7 days were lower in
the methadone + other opioids group (M+O) versus methadone alone or only other opioids, with
M+O $7,402 lower than the group using opioids other than methadone. These differences mainly
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stem from lower costs on the surgical day, linked to better pain control and optimized recovery
protocols. As a low-cost opioid, methadone balances effective analgesia and limited opioid
complications, reducing expenses in cardiovascular care [41].

5. Conclusions

Intravenous methadone represents a meaningful advancement in postoperative pain
management for cardiac surgery: it offers superior analgesia, lowers opioid consumption, has an
acceptable safety profile, and contributes to more efficient use of healthcare resources, making it a
valuable component of ERAS protocol in cardiac surgery (Graphic Abstract). Nevertheless, careful
dosing and monitoring for adverse effects — such as delirium and QT prolongation — are essential.
Continued research, including larger randomized trials, particularly in pediatric populations, is
required to refine dosing recommendations, evaluate novel therapeutic combinations, and determine
the long-term effects of methadone on outcomes after cardiac surgery.
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Appendix A

Intraoperative methadone in adult and pediatric cardiac surgery
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Graphic Abstract. Graphic abstract summarizing the effects of intraoperative methadone in cardiac surgery both

in adults and children.
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