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Abstract

Background Opioid analgesia remains a cornerstone of the management of perioperative pain in cardiac

surgical patients. Emerging evidence suggests that intermediate and long-term postoperative opioid dependence
is underappreciated and associated with adverse patient outcomes. Methadone has emerged in the cardiothoracic
and non-cardiothoracic anesthesia literature as an option that may provide lasting analgesic benefit and may be
associated with a reduction in overall perioperative opioid requirements.

Main body This study was a systematic literature review and meta-analysis that aimed to provide evidence
supporting the use of perioperative or intraoperative methadone in adult cardiac surgical patients, particularly

with respect to objective measures of postoperative pain and opioid requirements prior to and at discharge

from the hospital. Electronic searches of three research databases were performed: PubMed (1972 to October 2023),
Ovid MEDLINE (1946 to October 2023), and EMBASE (1978 to October 2023). This search yielded a total of 190 articles,
7 of which met the relevant inclusion and exclusion criteria. This included five randomized controlled trials and two
large retrospective cohort studies.

Conclusion Preoperative or intraoperative methadone led to reduced pain scores at 24 h postoperatively

and reduced opioid requirements at discharge. Methadone may be effective at reducing perioperative pain scores
and opioid requirements postoperatively, including at discharge. The literature on this subject has important
limitations, and further research in larger randomized controlled trials is needed.

Keywords Cardiac surgery, Pain management, Perioperative management, Sternotomy

Background

Cardiac surgery remains integral in the management
of cardiovascular disease. In Australia, 15,712 cardiac
surgical procedures were performed in 2021, and
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anesthesia for cardiovascular surgery in the 1960s [2].
Although opioids provide effective pain relief in the
perioperative period, there are numerous established
harms associated with their use. As such, there has
been a recent move toward multimodal opioid-sparing
analgesia techniques in both cardiac and thoracic
surgery [2].

A recent report by the Enhanced Recovery After Sur-
gery Cardiac Society published in 2023 recommended
against the routine use of high-dose opioid analgesia
for patients undergoing cardiac surgery [2]. High-dose
opioids are associated with prolonged mechanical
ventilation, delirium, nausea and vomiting, and con-
stipation [2]. An emerging concern is the risk of inter-
mediate and long-term dependence and abuse [2]. A
recent Australian single-center retrospective cohort of
2205 patients from 2012 to 2019 revealed that 76.4%
of patients were prescribed oral opioids at discharge
despite the majority of this cohort (60%) not requiring
opioids in the 24 h prior to discharge [3]. Fourteen per-
cent of patients received oral opioids at 3 to 12 months
after their operation [3]. This finding of a persistent
medium to long-term opioid requirement postcardiac
surgery and sternotomy has been demonstrated in
multiple other studies [2, 4—6]. Given the established
adverse effects and sequelae of long-term opioid use,
it is imperative to consider alternative strategies to
reduce opioid requirements at discharge following car-
diac surgery without impacting pain management dur-
ing the perioperative period.

Methadone has emerged as an alternative agent that
provides prolonged analgesia lasting 24 to 36 h, with
the potential to reduce the requirement for short-acting
opioids in the postoperative period [7, 8]. In addition
to potent p-receptor agonist activity, it acts on k- and
o-opioid receptors while also preventing the reuptake
of monoamines in the brain [7]. By modulating the
reuptake of monoamines such as noradrenaline and
serotonin in the central nervous system, methadone
may reduce opioid sensitization and the development
of chronic pain [7]. Methadone also inhibits NDMA
receptors, which have been implicated in the
development of sensitization and chronic pain[7,
8]. These pharmacological characteristics render
methadone dually attractive as a long-acting agent with
the capacity to reduce short-acting opioid requirements
and to mitigate sensitization and reduce the probability
of chronic pain. The veracity of these potential benefits
warrants comprehensive, objective investigation.
As such, this systematic review aimed to determine
the effect of pre- or intraoperative administration of
methadone on immediate postoperative pain scores
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and opioid requirements after cardiac surgery via
median sternotomy.

Main text

A systematic review was completed according to the
guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement
[9]. Ethics approval was not required for this study.

Systematic search

Electronic searches of three research databases were per-
formed: PubMed (1972 to October 2023), Ovid MED-
LINE (1946 to October 2023), and EMBASE (1978 to
October 2023). The literature search was completed on
10 October 2023. The search terms, including Boolean
operators, were as follows: ((‘cardiac surgery’ OR ‘heart
surgery’) OR (‘median sternotomy’ OR sternotomy’))
AND ‘methadone’ A manual search of references was also
conducted. The articles were independently reviewed by
two authors (JG and LC) in parallel, with disagreements
resolved by either of the senior authors (WP).

Inclusion and exclusion

We included all studies examining the use of pre- or
intraoperative methadone (either oral or intravenous)
in patients aged 18 years and older who underwent car-
diac surgery via median sternotomy. This included ran-
domized controlled trials (RCTs) and observational
studies.

We excluded any study that included patients under 18
years of age, studies involving animals and cardiac sur-
gery not via median sternotomy (i.e., minimally invasive
procedures including mini-thoracotomy, thoracotomy,
and robotic-assisted surgery). Conference abstracts and
non-English language manuscripts were excluded. We
also excluded case reports and review articles.

Outcomes

The primary outcome of this review was the impact of
methadone on postoperative pain scores at 24 h post-
operatively. This was reported using various pain scales,
including the Numeric Pain Rating Scale (NPRS), with 0
indicating no pain and 10 indicating the highest level of
pain, the visual analog pain score (VAS), and the verbal
rating scale (VRS).

Additional outcome measures included the effect of
methadone on postoperative opioid requirements to dis-
charge, the adverse effects of methadone administration
compared to those of conventional opioid administration
(morphine or fentanyl) and discharge opioid require-
ments (when reported). Additionally, we included any
study with long-term follow-up beyond discharge.
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Data extraction

The data were extracted by the first author by examining
the relevant tables, text, and supplementary material of
the included articles. Uncertainty was resolved by con-
sensus with the second author. Any disagreements were
then resolved by the senior author.

Assessment of bias

The included manuscripts were assessed for risk of bias
by the second author, with uncertainty resolved by con-
sensus with the first author. Any disagreements were
then resolved by the senior author. The risk of bias in
the included studies was systematically appraised using
established frameworks; the five RCTs were assessed
using version 2 of the Cochrane Collaboration’s Risk of
Bias tool for randomized trials (RoB 2) [10], while the two
observational studies were assessed using the Risk of Bias
in Nonrandomized Studies of Interventions (ROBINS-I)
tool [11]. The bias assessment matrices are depicted in
Tables 2 and 3 respectively.

Meta-analysis

For the primary outcome, a limited meta-analysis of
three of the included RCTs was performed. Effect sizes
were standardized using Cohen’s d statistic considering
variability in the pain assessment matrices used by the
different authors. Due to anticipated heterogeneity, a ran-
dom effects model was used to estimate the pooled effect
size. Statistical analysis was performed using R version
4.3.3 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

The initial search of the three databases yielded 203
articles. After removal of duplicates, a total of 190 records
were suitable for screening. The titles and abstracts of
these articles were reviewed by two independent authors
(redacted). After this, 177 articles were excluded because
they did not fit the aforementioned inclusion criteria. A
total of 13 articles were retrieved for review of the full
text. A total of 7 articles remained, of which five were
RCTs and two were large retrospective cohort studies [8—
14]. The PRISMA diagram is shown in Fig. 1. One of the
randomized controlled trials was a 12-month follow-up
study from an original randomized controlled trial [8,
12].

Four RCTs, including a total of 336 patients, evalu-
ated immediate postoperative outcomes [8, 12, 14, 15].
Three of these studies examined intravenous methadone
administered intraoperatively, with one study evaluat-
ing preoperative oral methadone[8, 12, 14, 15]. The dose
of methadone used varied among the studies from 0.1
to 0.3 mg/kg up to a maximum dose of 30 mg [8, 12, 14,
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15]. One study used 20 mg intravenously for all patients
rather than a weight-based regime [14]. The randomized
controlled trial with pooled 12-month outcomes (pooled
with spinal surgery patients, although cohorts reported
separately) included 156 patients, with varying durations
of follow-up [16]. The two observational studies included
a total of 4443 patients[13, 17]. The studies are summa-
rized in Table 1.

Risk of bias in individual studies

A full appraisal of each of the included studies accord-
ing to the RoB 2 and ROBINS-I frameworks is provided
in Tables 2 and 3, respectively. Of the RCTs, all exclud-
ing Murphy et al. had concerns about at least one of the
reporting domains [8]. With respect to the observational
studies, there was at least a moderate risk of bias in all
cases. The principal limitations in both cases pertained
to incomplete handling of confounders through a more
robust statistical method such as propensity weighting,
the selection bias inherent to their study designs, and the
presence of significant differences in co-interventions
(for example, stark differences in the concomitant admin-
istration of other analgesic agents).

Primary outcome: postoperative pain scores

The primary outcome of this systematic review was to
evaluate the effect of pre- or intraoperative methadone
on postoperative pain scores. All four of the randomized
controlled trials reported outcome data in relation to
this primary outcome. Three of the four studies reported
lower postoperative pain scores at 12 to 24 h postopera-
tively [8, 12, 14]. The two observational studies provided
mixed data, with the larger cohort study (Eisenbraun
et al.) showing lower postoperative pain scores with
methadone out to 72 h postoperatively [13, 17].

Murphy et al. reported that intraoperative methadone
(dose 0.3 mg/kg up to a maximum of 30 mg) compared
to fentanyl (12 pg/kg up to a maximum of 1200 pg) led to
reduced postoperative pain scores using the NPRS scale
[8]. At rest, this reduction was statistically significant at
72 h (2 vs 3, p=0.002) and was most pronounced at 8 h
(2 vs 4, p<0.001) [8]. The level of pain associated with
coughing was also significantly lower with methadone
than with fentanyl, and this reduction was sustained for
72 h postoperatively (4 vs 5, p<0.001) [8]. This led to sig-
nificantly better overall satisfaction with pain manage-
ment in the methadone cohort (100% vs 90%, p<0.001)
[8].

Bolton et al. compared preoperative oral methadone
(a dose of 0.3 mg/kg up to a maximum of 30 mg) to a
placebo in addition to the standard of care [15]. The
authors reported pain scores for 72 h using the VRS [15].
There was a difference in the VRS at rest (2.8 vs 4) at 24 h
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Identification of studies via databases and registers

308 records identified from:
MEDLINE (n = 30)

(
EMBASE (n = 129)
PUbMED (n = 149)

!

Records screened

(n = 262)
!

Identification

Reports sought for retrieval

(n=12)
'

Reports assessed for eligibility
(n=12)

Screening

Studies included in review
(n=7)

Fig. 1 PRISMA flow diagram

postoperatively but not with cough (4.8 vs 5.0) [15]. This
difference was no longer present at 48 h (1.4 vs 1.4) or 72
h (1.3 vs 1.2) postoperatively [15].

Carvelho et al. compared intraoperative intravenous
methadone (0.1mg/kg corrected weight) to intrave-
nous morphine (0.1mg/kg corrected weight) given
at the conclusion of anaesthesia [12]. The authors
reported NPRS at 12, 24, and 36 h postoperatively [12].
There was no difference in the NPRS at 12 h (4.2 vs
4.7, p=0.186) or 36 h (0.5 vs 0.5, p=0.657) postopera-
tively [12]. However, there was an improvement in pain
scores at 24 h postoperatively (1.9 vs 2.9, p=0.029) [12].

Records removed before
screening:
Duplicate records removed
(n=46)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

Records excluded**

(n =250)
Non-English language (n =
13)
Conference proceedings (n =
2)
Review articles, editorials, or
case reports (n = 16)
Veterinary literature (n = 101)
Pediatric (n = 33)
Content not relevant (n = 84)

Reports not retrieved
(n=0)

Reports excluded:
Review article (n = 1)
Conference presentation (n = 1)
Second manuscript discussing same
results (n = 1)
Pediatric (n = 1)
Transplant patients (n = 1)

Udelsmann et al. compared intraoperative
intravenous methadone (20 mg) to morphine (20 mg)
[14]. The data are sparse, but the authors reported
lower VAS scores at 24 h postoperatively[14].

For the primary outcome, a limited meta-analysis
of three of the included RCTs was conducted. The
principal limitations of this meta-analysis were the
small sample sizes of the included studies and the
heterogeneity of the comparator arms used in the
different trials. Bolton and colleagues performed a
placebo-controlled trial, while Carvalho and colleagues
used a morphine-based control treatment[15].
Udelsman and colleagues compared methadone to
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Table 2 Risk of bias assessment for the included RCTs according to the Cochrane RoB 2 matrix

Page 9 of 13

Authors Risk of bias domains Global assessment
Randomization  Deviations Missing data Measurement  Selection of

from intended of outcomes reporting

intervention
Murphy et al. (2015) [8] Low Low Low Low Low Low
Bolton et al. (2019) Low Some concerns Some concerns Low Low Some concerns
Carvalho etal. (2017) [12] Some concerns Low Low Low Low Some concerns
Udelsmann et al. (2011) [14] Some concerns Low Low Some concerns Low Some concerns
Murphy et al. (2020) [16] Low Low Some concerns  Low Low Some concerns

both placebo and morphine controls [14]. As such,
two separate meta-analyses were performed for the
performance of methadone compared to that of
placebo and that of morphine. Neither the original
RCT performed by Murphy and colleagues nor the
extension of this trial were included in the meta-
analyses, as these authors randomized patients to the
addition of either methadone or fentanyl. As no other
included RCTs used fentanyl as a comparator, meta-
analysis was not possible. Figures 2 and 3 depict the
standardized effect sizes of the included RCTs via
Cohen’s d statistic, in addition to the random effects
pooled effect size. Pooled analysis did not suggest a
statistically significant difference between methadone
and placebo or between methadone and morphine
with respect to standardized effects on postoperative
pain scores at 24 h after surgery.

Wang et al. published a single-center, retrospective
study that investigated intravenous methadone admin-
istered intraoperatively (the dose varied among clini-
cians from 0.1 to 0.4 mg/kg, with 86% of doses ranging
from 0.15 to 0.25mg/kg) to “usual care” (fentanyl,
hydromorphone, or morphine) [13]. They found no
difference in postoperative pain scores within 24 h of
surgery (3.2 vs 3.1, p=0.422).

Eisenbraun et al. published a single-center, retro-
spective study of 4326 patients [17]. The patients were
divided into three cohorts. The first was the standard
of care, which was opioid-based with induction as per
the provider. The second group was multimodal with
ketamine and ketorolac on induction in addition to
fentanyl [17]. The final group received intravenous
methadone on induction (0.3 mg/kg, maximum dose
30 mg), dexmedetomidine and ketorolac in addition
to fentanyl[17]. There were also differences in post-
operative pain management (Table 1) [17]. This study
revealed that patients treated with methadone for the
first 72 h had lower pain scores according to the NPRS

than according to the standard of care [17]. The meth-
adone cohort also had lower pain scores according to
the NPRS than did the ketamine cohort for the first 12
h, with no difference after that [17].

Postoperative opioid requirements prior to discharge

All four randomized controlled trials evaluated the effect
of methadone on postoperative opioid requirements in
the form of morphine. The intravenous administration of
morphine was either nurse-administered or patient-con-
trolled (PCA). Three of the four studies reported lower
morphine requirements in the immediate postoperative
period.

Murphy et al. reported lower morphine requirements
in the first 24 h (6 mg vs 10 mg, p<0.001), although this
difference did not persist at 48 or 72 h [8]. Furthermore,
fewer patients required >20 mg of morphine within the
first 24 h (2.6% vs 29.1%, p<0.001) [8]. There was no dif-
ference in the use of oral pain relief tablets for the first 72
h [8].

Bolton et al. also demonstrated lower postoperative
morphine requirements via PCA at 24 h (mean reduction
23 mg, p<0.005) and in nurse-controlled patients (11.2
mg vs. 20 mg, p=0.007) [13] There was no difference
beyond this. Carvelho et al. reported a lower percentage
of patients who used morphine during the postoperative
period, but the difference was not quantified [12].

Udelsmann et al. reported lower analgesic require-
ments in the first 24 h than in both the morphine and
control groups but did not observe a specific reduction in
the requirement between the methadone and morphine
groups [14].

Both  retrospective  cohort studies reported
postoperative opioid requirements[13, 17]. Wang et al.
reported a 44% reduction in postoperative opioid
requirements measured as the morphine milligram
equivalent (MME) on postoperative day 0 (15.8 vs
36, p=0.025) but not on postoperative day 1 [13].
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Table 3 Risk of bias assessment for the included observational studies according to the ROBINS-I matrix
Authors Risk of bias domains Global
assessment
Confounding Selection Classification of Deviation Missing data Measurement Selection of
interventions  from intended of outcomes reporting
interventions
Eisenbraunetal.  Moderate Moderate  Low Moderate Low Low Low Moderate
(2023) [17]
Wang et al. (2021) Moderate Moderate  Low Moderate Low Low Low Moderate
[13]
Standardised Mean

Authors d SE Difference SMD 95%-Cl Weight

Bolton et. al. (2019) -0.8112 0.4639 -0.81 [-1.72; 0.10] 4.7%

Udelsman et. al. (2011) -0.3388 0.1026 -0.34 [-0.54; -0.14] 95.3%

Random effects model (HK)

-0.36 [-1.63; 0.90] 100.0%

Heterogeneity: 17 = 0%, p =0.32

-1.5
Fig. 2 Random effects model pooled analysis of the standardized mean difference in postoperative pain scores at 24 h for patients receiving
methadone versus those receiving morphine. Negative scores indicate favorable pain control with methadone

Authors d SE

Udelsman et. al. (2011) -0.3388 0.1026

Carvalho et. al. (2017)

Random effects model (HK)

0.4152 0.1905 E

-1 -05 0 05 1 15

Standardised Mean

Difference SMD 95%-Cl Weight
52.3%

47.7%

-0.34 [-0.54; -0.14]
0.42 [0.04; 0.79]

0.02 [-4.76; 4.81] 100.0%

[
4

Heterogeneity: P= 92%, p <0.01

T I I 1
-2 0 2 4

Fig. 3 Random effects model pooled analysis of the standardized mean difference in postoperative pain scores at 24 h for patients receiving
methadone versus those receiving morphine. Negative scores indicate favorable pain control with methadone

Eisenbraun et al. demonstrated lower postoperative
opioid requirements on postoperative days 0, 1, 2, and
3 compared with both the standard of care (i.e., opioid-
based induction) and the alternative ketamine-based
multimodal regime [17]. On postoperative day O, there
was an 82% reduction in opioid requirements compared
to the standard of care and a 64% reduction compared to
the ketamine-based cohort [17].

Opioid requirements at discharge

There was no comment on opioid requirements at dis-
charge in any of the four randomized controlled trials.
The extended follow-up study by Murphy et al. from the
original randomized controlled trial examined opioid
requirements at 1, 3, 6, and 12 months[16]. Eisenbraun
et al. was the only retrospective study to report on oral
morphine equivalent (OME) requirements at discharge
[17]. The authors found a lower OME at discharge in
the methadone group than in the standard opioid-based
group (0 mg vs 7.5 mg, p<0.001) and in the multimodal
ketamine-based cohort (0 mg vs 5 mg, p<0.001) [17].

Long-term follow-up

The extended follow-up study from their initial
randomized controlled trial by Murphy et al. was the
only study to report outcomes beyond discharge [16].
The authors evaluated patients at 1 month (67% of the
initial cohort), 3 months (64% of the initial cohort), 6
months (53% of the initial cohort), and 12 months (42%
of the initial cohort) [16]. At 1 month, there was a lower
frequency of postsurgical pain at 1 month (median once
per week vs twice per week, p=0.004), with no difference
beyond this [16]. There was no difference in analgesic
requirement between the two cohorts at any time point
[16].

Adverse effects

All four RCTs reported on the incidence of adverse
effects to some degree. Murphy et al. showed no differ-
ence in the rates of nausea, vomiting, pruritus, hypoxia,
sedation, respiratory complications, cardiac complica-
tions, renal complications, neurological complications, or
infection complications between methadone and fentanyl
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cohorts in the first 72 h [8]. There was no difference in
the median ICU length of stay (30.5 h vs 47 h, p=0.452)
or median hospitalization duration (7 days, p=0.515) [8].

Udelsmann et al. reported a significantly lower inci-
dence of nausea and vomiting in patients treated with
methadone than in those treated with morphine or pla-
cebo (1 vs 6 vs 9, p=0.013) [14]. Carvelho et al. reported
no difference in the incidence of adverse effects, nausea,
vomiting, or respiratory failure[12]. Bolton et al. also
found no difference in the incidence of nausea, vomiting,
pruritus, constipation, or hypoxia after 72 h compared to
placebo [15].

Both retrospective studies evaluated multiple end
points. Wang et al. found no difference in the time to
extubation (median 3.8 h vs 3.9 h, p=0.271), ICU length
of stay (39.7 h vs 42 h, P=0.940), or requirement for non-
invasive ventilation (7.7% vs 6.2%, p>0.999) [13]. Eisen-
braun et al. showed comparable rates of nausea and
vomiting with methadone compared to standard of care
with opioids [17]. However, there was a 53% reduction in
nausea and vomiting in the multimodal ketamine-based
group compared to either opioid group [17].

Discussion

Pain management in cardiac surgical patients is an
important and highly topical concern. There is emerg-
ing evidence of the negative impact of opioids both
immediately and long-term after surgery, with increased
long-term mortality and morbidity and increased health-
care costs being associated with new opioid dependence
[18-21]. Santosa et al. examined mortality and morbid-
ity within 12 months in a 20% sample of Medicare ben-
eficiaries who underwent a surgical procedure over a
10-year period [18]. A total of 3% (6874 patients) of this
cohort of 229,898 patients went on to develop a persis-
tent opioid requirement [18]. Patients who developed a
new persistent opioid requirement were significantly
more likely to die within 12 months of their procedure
(hazard ratio 3.44, 95% CI 2.99-3.96) [18]. They were
also more likely to have a serious fall or fall-related injury
or present to the emergency department [18]. There has
been an increasing push to adopt a more multimodal
approach to improve perioperative outcomes and reduce
opioid dosing. This is an important pursuit, as the long-
term adverse effects of opioid use are well documented
[18-21].

A study published by Song et al. in 2022 investigated
the effects of chronic opioid use in patients with non-
cancer pain [22]. The authors found that over a 10-year
period (2010-2019), the prevalence of chronic opioid
use increased from 0.46% in 2010 to 2.63% in 2019 [22].
Patients with chronic opioid use had a greater 10-year
all-cause mortality, with a hazard ratio of 1.21 (95% CI
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1.13-1.31, p<0.01) [22]. Long-term opioid use is also
associated with substantial morbidity, including hyper-
algesia, tolerance, and withdrawal [23]. Despite these
risks of chronic opioid use, inadequate pain relief post-
sternotomy for cardiac surgery is associated with adverse
outcomes in the short and long term [23]. Chronic pain
following sternotomy is not infrequent, and therefore,
despite concerns about chronic opioid use, patients
require adequate analgesia to prevent immediate and
long-term complications. With the development of mul-
timodal analgesia, opioid-sparing regimens are impor-
tant for reducing overall opioid consumption during the
perioperative period [2].

This systematic review suggested that using metha-
done either preoperatively or intraoperatively may not
only lessen immediate postoperative pain scores but also
reduce opioid requirements at discharge. This may have
an important effect on reducing chronic pain and opioid
dependence in patients undergoing sternotomy for car-
diac surgery. However, we could only find one study that
attempted to evaluate the impact of intraoperative meth-
adone on medium- to longer-term outcomes, making the
extrapolation of the impact of perioperative methadone
on chronic pain and chronic opioid dependence challeng-
ing [16]. In addition, another retrospective study showed
a significantly reduced oral morphine equivalent (OME)
at discharge in a cohort treated with preoperative metha-
done [17]. Higher OME at discharge is associated with an
increased likelihood of opioid dependence, which is a risk
factor for chronic pain and morbidity [24]. Furthermore,
greater acute postoperative pain has been associated with
the development of chronic pain and opioid dependency
[25]. It could be hoped that the addition of methadone in
the pre- or intraoperative setting will translate to reduced
chronic pain and opioid dependence by reducing imme-
diate postoperative pain and opioid requirements and
by reducing the need for opioids at discharge. However,
further research is needed to determine whether pre-
or intraoperative methadone administration can lead to
reduced chronic pain and opioid dependence.

Methadone, though, is an attractive addition to the
armament in pain management because of its potent
analgesic effects, which are long-lasting and have addi-
tional effects on the NDMA receptor [7]. It has been
shown to be effective at reducing postoperative opioid
requirements and postoperative pain scores and improv-
ing patient satisfaction with pain management in patients
undergoing major spinal surgery, gynecological surgery
and general surgery [26].

This systematic review has multiple limitations. First,
the quality of a systematic review is dependent on the
studies included within it. Of the included RCTs, all
excluding Murphy et al. raised some concerns about
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at least one domain of risk of bias assessment [16].
Principally, these issues are related to poor reporting
of the precise methods employed for randomization or
imperfect randomization sequences. In the case of two
studies, concerns were raised regarding missing data
or poor protocol adherence, leading to patients who
were originally randomized to a treatment group being
excluded from the analysis. The two observational studies
are limited by the inherent bias of their study design.
Although the study by Eisenbraun et al. was large (over
4000 patients), there was significant variation not only
in the preoperative/intraoperative intervention but also
in the postoperative analgesia regime [17]. This makes it
challenging to determine the exact effect of preoperative
methadone on postoperative opioid requirements and
pain scores.

Second, the studies included were all relatively small
cohorts (with the exception of the retrospective study by
Eisenbraun et al.) [17] This impacted the ability to com-
bine the results for meta-analysis. Third, there was also
variation in the postoperative analgesia regime, which
makes the generalizability of the effect of preoperative/
intraoperative methadone challenging.

Finally, all studies examined immediate postoperative
outcomes (with the exception of the longer-term follow-
up study by Murphy et al.) [16]. The effect of methadone
preoperatively/intraoperatively on longer-term opi-
oid use and chronic pain scores is important given the
known high rates of chronic pain and opioid dependence
post sternotomy [3, 27].

This systematic review provides the scope for future
research. There is clearly a need to improve the periop-
erative pain management of patients undergoing sternot-
omy to limit the development of chronic pain and reduce
the incidence of new opioid dependence. Opioid stew-
ardship is important, and all efforts should be made to
explore and develop new techniques to lessen the devel-
opment of long-term opioid dependence.

Conclusions

Methadone may represent a valuable addition to the
armamentarium in patients undergoing sternotomy for
cardiac surgery. The findings of the existing publications
on this subject are variable; some authors have reported
benefits in reducing postoperative pain scores and the
need for opioids perioperatively, while others have not
observed these benefits. Further investigation in the form
of randomized trials is needed .
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