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Abstract 

Background 

Postoperative pain management contributes to reducing postoperative morbidity 
and unscheduled readmission. Compared to other opioids that manage postopera-
tive pain like morphine, few randomized trials have tested the efficacy of intraoper-
atively administered methadone to provide evidence for its regular use or be in-
cluded in clinical guidelines. 

Methods 

We conducted a randomized clinical trial comparing the use of intraoperative meth-
adone to assess its impact on postoperative pain. Eighty-six patients undergoing 
elective laparoscopic cholecystectomy were allocated to receive either methadone 
(0.08 mg/kg) or morphine (0.08 mg/kg). 

Results 

Individuals who received methadone required less rescue morphine in the Post An-
esthesia Care Unit for postoperative pain than those who received morphine (p = 
0.0078). The patients from the methadone group reported less pain at 5 and 15 
minutes and 12 and 24 hours following Post Anesthesia Care Unit discharge, exhib-
iting fewer episodes of nausea. Time to eye-opening was equivalent between the 

two groups. 

Conclusion 

Intraoperative use of methadone resulted in better management of postoperative 
pain, supporting its use as part of a multimodal pain management strategy for lapa-
roscopic cholecystectomy under remifentanil-based anesthesia. 
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Introduction 

Postoperative pain management is an essential part of the anesthetic 
plan to address tissue injury following surgery and reduce postoper-
ative morbidity, improving the perceived quality of care. For uncom-
plicated laparoscopic cholecystectomy, pain is the primary cause of 
prolonged hospital stay and, in the context of outpatient surgery, is 
the leading cause of unscheduled readmission1-3. 

Remifentanil is currently the opioid of choice for intraoperative pain 
management in laparoscopic surgery as it allows rapid titration re-
sulting in predictable arousal time, independent of dose and duration 
of infusion4,5. It does not, however, adequately cover postoperative 
pain and may cause tolerance and hyperalgesia6-9. Although the 
whole process is not fully elucidated, activation of N-methyl-D-as-
partate (NMDA) receptors is proposed as a mechanism10,11. 

The use of NMDA receptor antagonists during surgery is purported 
to counter the hyperalgesia associated with the use of opioids9-12, and 
the use of agents such as ketamine at subanesthetic doses have re-
sulted in decreased acute postoperative pain and less rescue opioid 
consumption13,14 included in the context of remifentanil-based anes-
thesia15. The intraoperative use of methadone is an attractive option 
to cover postoperative pain due to its dual effect as an agonist at 
opioid receptors and non-competitive antagonist at NMDA recep-
tors16. This strategy may reduce the requirement for rescue mor-
phine and its associated adverse effects12. Indeed, several research 
groups report positive and safe results with methadone in this con-
text, including pharmacokinetic/pharmacodynamic studies in adults 
and children17-19, randomized trials in major surgeries in adults and 
children20-25, and remifentanil-based laparoscopic surgery26. How-
ever, the risk of bias of these studies has not been evaluated formally. 

A recent randomized controlled trial evaluated the performance of 
methadone (0.1 mg/kg) compared to morphine (0.1 mg/kg) in lap-
aroscopic cholecystectomy and found no difference in the quality of 
recovery evaluated by the Quality of Recovery Questionnaire (QoR-
40)27. 

Despite this, few randomized trials have tested the efficacy of in-
traoperatively administered methadone, compared to other opioids, 
when managing postoperative pain to provide evidence for its regu-
lar use or be included in clinical guidelines. Therefore, we conducted 
a randomized controlled trial comparing intraoperative methadone 
(0.08 mg/kg) to morphine (0.08 mg/kg), evaluating its impact on the 
total dose of rescue morphine used in post-surgical acute care and 
on postoperative pain. 

Methods 

The present study was approved by the Institutional Review Board 
of Hospital Naval Almirante Nef, in Viña del Mar, Chile (PO3/13), 
and was registered on ClinicalTrials.gov (NCT01833715). 

The study was conducted at the same hospital from March to Sep-
tember 2013. The design is a parallel-group, randomized clinical trial. 
Individuals aged 18 to 70, admitted for elective laparoscopic chole-
cystectomy, and with American Society of Anesthesiologists (ASA) 
physical status score I or II were invited to participate. We excluded 
patients with the following characteristics: (i) kidney failure (blood 
creatinine > 2mg/dl), (ii) history of liver failure, (iii) body mass index 

(BMI) > 35 kg/m2, (iv) chronic opioid use, (v) recorded hypersen-
sitivity to the drugs under trial and (vi) patients converted to open 
surgery. 

Informed consent and demographical data were collected preopera-
tively by a member of the research team. The outcome assessors 
were members of the nursing staff, whom the investigators trained 
on applying the Numeric Rating Scale (NRS) pain scale28-30 and on 
data registration. Data recorded during the procedure included the 
anesthetic dose administered (remifentanil and propofol), arousal 
time, surgical duration, hypotensive events, and ephedrine require-
ment. NRS was assessed and recorded at 5, 10, 15, 30, 60, and 120 
minutes in the Post Anesthesia Care Unit (PACU), and 4, 8, 12, and 
24 hours on the ward. We recorded the total doses of rescue medi-
cation administered (morphine in the PACU, ketorolac on the ward). 
The following adverse events and treatments were also recorded: 
nausea, vomiting, itch, urinary retention, respiratory depression, ad-
ministration of antiemetics (ondansetron 4mg, IV). On discharge, 
patients were asked to rate their pain management quality on a four-
point Likert scale (very unsatisfied to very satisfied). 

Patients were randomized with an automatic computerized se-
quence, with an allocation ratio of 1:1, to receive either methadone 
or morphine. The sequence was prepared and concealed by the prin-
cipal investigator. The principal investigator prepared syringes ac-
cording to the allocated treatment and delivered these to the anes-
thesiologist in charge of the procedure. Anesthesiologists, surgeons, 
nursing staff, and patients were unaware of the allocated treatment. 

Induction and maintenance anesthesia was based on remifentanil 
and propofol, titrated to attain a bi-spectral index value between 40 
to 60. Following induction, all patients received dexamethasone 8 
mg, ketoprofen 100 mg, and metamizole 2 g. A bolus dose of either 
methadone 0.08 mg/kg or morphine 0.08 mg/kg, calculated using 
lean body mass, was administered at the start of surgery, and these 
doses were chosen based on previous studies20,22. We provided post-
operative analgesia using a continuous infusion of ketoprofen 100 
mg and metamizole 3 mg. After assessing NRS at predefined times, 
morphine 1 mg was administered for scores ≥ 4 in the PACU (up to 
120 minutes), and ketorolac 30 mg in the ward. 

Our protocol and trial registry stated our primary outcome as the 
total amount of rescue morphine used during the first 24 hours post-
operatively; however, due to hospital policy, morphine is not admin-
istered outside of the PACU, and stay in recovery is typically two 
hours. We, therefore, refer to the total amount of rescue morphine 
and highlight that this was provided in the two hours following sur-
gery. The secondary outcome measure was pain, determined using a 
Numeric Rating Scale at 5, 15, 30, 60, and 120 minutes in the PACU 
and at 4, 8, 12, and 24 hours postoperatively. We expected the aver-
age total dose of rescue morphine to be 4 mg in patients that had 
received 0.08 mg/kg of morphine during surgery. A sample size of 
37 patients per group was calculated to detect at least a 25% pain 
reduction in the intervention group, anticipating a standard deviation 
(SD) of 1.5 mg in total morphine rescue dose, with a 0.05% signifi-
cance level and 80% power. We randomized 86 patients anticipating 
15% for possible losses (e.g., withdrawals or conversion to open sur-
gery). 

Secondary outcome variables were i) postoperative pain score in the 
PACU or the ward, at specified time points (resting), ii) total number 
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of ketorolac doses in the ward per patient, iii) arousal time, iv) ad-
verse events and treatment, v) qualification of the quality of analgesia 
provided by patients at discharge. 

Continuous data are presented in means and standard deviations. 
Categorical data are presented in absolute and relative frequencies. 
Means ± standard deviations were compared using Student’s t-test. 
The number of patients (%) was compared using Fisher’s exact test, 
considering p ≤ 0.05 as significant. All analyses were performed us-
ing Stata 12.0 (StataCorp). 

Results 

One hundred and forty-six patients were assessed for eligibility, and 
60 did not meet the inclusion criteria, the primary reasons being 
older than 70 years, a body mass index greater than 35, and a few 
individuals with serum creatinine over 2.0 mg/dl. A total of 86 pa-
tients were submitted to the randomization procedure, 43 allocated 
to the intervention group (methadone), and 43 were allocated to the 
control group (morphine). Three patients did not receive the inter-
vention and instead received inhalation anesthesia (1 in the metha-
done group and 2 in the morphine group). Three participants in the 
methadone group and two in the morphine group were excluded due 
to a lost record, change to an open approach, or surgical complica-
tions (Figure 1). 

Figure 1. CONSORT Flow Diagram. 

 
Source: Prepared by the authors from the results of the study. 

Thirty-nine patients per group were included in the per protocol anal-
ysis. The groups were similar in terms of age, body mass index, gen-
der, and physical status (Table 1). Surgical characteristics were like-
wise similar between the groups (Table 2). 

Table 1. Baseline characteristics of randomized patients. 

 
Morphine 

Mean (SD) 
(n=43) 

Methadone 
Mean (SD) 

(n=42) 
p-value 

Age (years)  49.4 ± 14.2 54.4 ± 12.8 0.1 
Gender (male) 14 (32.6%) 15 (35.7%) 0.47 
Body mass index 
(kg/m2) 

28 ± 3.4 27.7 ± 3.4 0.66 

ASA physical status 
score  

 

I 15 (48.4%) 16 (51.6%) 0.82 
II 28 (51.8%) 26 (48.2%) 0.82 

*SD: standard deviation. 
*ASA: American Society of Anesthesiologists physical status. 
Source: Prepared by the authors from the results of the study. 

 1 

Assessed for eligibility (n=146) 

Excluded (n=60) 
- Did not meet inclusion criteria (n=60) 

 

Analysed (n=39) 
- Excluded from analysis (n=0) 

Lost to follow-up (n=2) 
Lost record = 2 

Discontinued intervention (n=1) 
Changed to an open approach=1 

 

Allocated to methadone (n=43) 
- Received allocated intervention (n=42) 
- Did not receive allocated intervention (n=1) 

(received inhalation anaesthesia = 1) 

Lost to follow-up (n=0) 
Discontinued intervention (n=2) 

Changed to an open approach=1 
Surgical complication=1 

 

Allocated to morphine (n=43) 
- Received allocated intervention (n=41) 
- Did not receive allocated intervention (n=2) 

(received inhalation anaesthesia = 2) 

Analysed (n=39) 
- Excluded from analysis (n=0) 

 

Randomized (n=86) 
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Table 2. Characteristics of patients who received the intervention. 

 
Morphine 
Mean (SD) 

(n = 39) 

Methadone 
Mean (SD)  

(n = 39) 
p-value 

Surgical duration 
(minutes) 

60.2 ± 19.4 59.4 ± 19.9 0.85 

Remifentanil dose 
(µg) 

653.4 ± 164.6 624.5 ± 184.5 0.46 

Propofol dose (mg) 673.1 ± 194.3 643.2 ± 214.5 0.52 

Time to eye  
opening (minutes) 

10.9 ± 2.54 11.8 ± 2.5 0.14 

*SD: standard deviation. 
Source: Prepared by the authors from the results of the study. 

Post-operative analgesia and pain scores are presented in Table 3. 
Individuals who had received methadone required less rescue mor-
phine postoperatively (0.74 mg ± 0.82 mg versus 1.33 mg ± 1.24 mg, 
p = 0.0078), without significant differences in the amount of rescue 
ketorolac in the next 22 hours (0.18 ± 0.39 vs. 0.15 ± 0.37, p = 
0.6175). Time to eye-opening was equivalent between the two 
groups. Pain scores were generally low and differed between groups 
at 5 and 15 minutes after recovery, and 12 and 24 hours on the ward, 
being lower in the methadone-treated patients in these scenarios. 
Fewer patients in the methadone group experienced nausea (2.6% 
versus 20.5%, p = 0.014), although nausea and vomiting globally 
were similar between the groups (Table 4). 

Table 3. Postoperative analgesia and pain scores. 

  Methadone 
(n = 39) 

Morphine 
(n = 39) 

p-value 

Postoperative  
morphine dose (mg) 

0.74 ± 0.82 1.33 ± 1.24 0.0078 

Number of patients 
that did not require 
rescue morphine 

19 (48.7%) 11 (28.2%) 0.103 

Mean number of  
ketorolac rescue doses 
per patient ± SD 

0.18 ± 0.39 0.15 ± 0.37 0.6175 

Mean number of on-
dansetron doses per 
patient ± SD 

0.10 ± 0.31 0.26 ± 0.55 0.0653 

Numerical Rating 
Scale 

   

PACU    
5 minutes 0.49 ± 1.0 2.08 ± 2.6 0.0007 
15 minutes 1.46 ± 1.86 3.15 ± 2.49 0.011 
30 minutes 2.36 ± 2.04 3.13 ± 1.96 0.094 
60 minutes 2.23 ± 1.46 2.49 ± 1.39 0.43 
120 minutes 1.33 ± 0.84 1.41 ± 0.94 0.703 

Ward    
4 hours 0.97 ± 1.42 1.64 ± 1.66 0.061 
8 hours 0.82 ± 1.19 1 ± 1.21 0.512 
12 hours 0.95 ± 1.15 1.54 ± 1.39 0.046 
24 hours 0.46 ± 0.82 1.2 ± 1.28 0.0031 

Post-operative pain  
relief classified as ‘Very 
satisfied’ at discharge 

53.70% 46.30% 0.462 

*SD: standard deviation. 
*PACU: Post Anesthesia Care Unit. 
Source: Prepared by the authors from the results of the study. 

Table 4. Adverse events in the postoperative period (24hours). 

  
Methadone 

(n=39) 
Morphine 

(n=39)  
p-value * 

Postoperative  
nausea or vomiting 

6 (15.4%) 9 (23.1%)  0.283 

Nausea 1 (2.6%) 8 (20.5%) 0.014 
Vomiting 5 (12.8%) 4 (10.3%) 0.5 

Pruritus 0 1 (2.6%) 0.4 
Urinary retention  0 1 (2.6%) 0.4 
Total number of 
adverse event  
instances 

12/39 23/39  

*Fisher exact test. 
Source: Prepared by the authors from the results of the study. 

Discussion 

We found patients receiving 0.8 mg/kg of methadone intraopera-
tively required less morphine rescue for postoperative pain in the 
first two hours following laparoscopic cholecystectomy than those 
that had received 0.8 mg/kg of morphine. These patients reported 
less pain at 5 and 15 minutes, and 12 and 24 hours following PACU 
discharge, and exhibited fewer episodes of nausea. The use of meth-
adone did not prolong the time to eye-opening. 

Our results are similar to a recently published randomized trial from 
Moro et al., in which the same agents were compared in the context 
of laparoscopic cholecystectomy27. The primary outcome, quality of 
recovery at 24 hours, evaluated by the QoR-40 questionnaire, was 
similar between methadone and morphine treated patients. Moro et 
al. discussed several aspects of their finding, including high overall 
scores compared to previous work in more complex surgeries and 
multimodal approach to analgesia. We asked satisfaction with pain 
management at discharge and found no difference between the 
groups. Pain, assessed by NRS every 15 minutes while in PACU, was 
found not to differ between methadone and morphine treated pa-
tients; however, the authors report results as pain at rest at an un-
specified time point and at 1 hour27. Like our work, postoperative 
opioid analgesia in the PACU was significantly different between 
methadone and morphine, though Moro and colleagues used dosage 
as mL (1 mg/kg in 10 mL), continuing with the treatment allocation 
for a given patient. While the postoperative analgesia approach was 
different, as all patients in our work received 1 mg of morphine per 
dose, the findings likely represent quite similar pain requirements as 
the indication for administering similar doses (maintaining NRS be-
low 3 in Moro et al., and below 4 in our work) despite the lower 
doses used intraoperatively in our work (0.08 mg/kg of methadone 
and morphine, compared to 0.1 mg/kg). We likewise found nausea 
and vomiting events similar between the groups; however, we found 
a greater occurrence among the morphine-treated individuals when 
we looked explicitly at nausea. Finally, Moro and colleagues report 
more morphine-treated individuals with Ramsey sedation scores > 
4, a relevant outcome that we did not assess. 

One explanation for the difference between methadone and mor-
phine is a less favorable pharmacokinetic/pharmacodynamic profile 
of morphine that leads to delayed effects relative to plasma concen-
trations. A greater requirement of rescue narcotics highlights the de-
layed onset of action of morphine in individuals who received mor-
phine late or at the end of surgery compared to those who received 
morphine 40 minutes before the end of the procedure, in the context 
of remifentanil-based anesthesia31. In an investigation evaluating 
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plasma levels and maximum effect of several opioids (pupillary di-
ameter), methadone exhibited a more evident association than mor-
phine, where a delay of up to two hours between peak plasma level 
and maximum effect was observed16. Another possibility is the phar-
macodynamic property of methadone as both an agonist at opioid 
receptors and a non-competitive antagonist at NMDA receptors. 
NMDA receptor antagonists improve the efficacy of opioids, delay-
ing tolerance and decreasing hyperalgesia32. Most of the studies com-
paring morphine and methadone aimed to manage chronic pain in 
oral and subcutaneous formulations, with proportions of 5-7:1 and 
2-14:1, respectively33,34. However, for the management of postoper-
ative pain in abdominal surgeries, using a single intravenous dose, 
some studies have used a 1:1 ratio20-22. 

Gourlay and colleagues introduced the use of intraoperative metha-
done17,18,20,25-27, and many research groups have evidenced its ade-
quate efficacy and safety in a variety of surgical contexts19,21-24. An 
IV bolus of 20 mg of methadone did not impair hemodynamic sta-
bility in patients undergoing major surgery35. Another advantage of 
methadone is that active metabolites are not produced, an issue to 
be considered when using morphine, especially in patients with kid-
ney failure36-38. 

One of the limitations of the present trial is that the administration 
of rescue morphine was given by nursing staff rather than by patients 
themselves; patient-controlled analgesia likely being a more accurate 
representation of requirement. We appreciate that the statistically 
significant difference we report in terms of rescue morphine dose 
and reduced postoperative pain in the methadone-treated patients 
may represent a moderate clinical gain. This is likely due to the lower 
nociceptive burden in laparoscopic surgery and a multimodal ap-
proach to pain management in both groups. Methadone may repre-
sent a greater gain in surgeries associated with more intense postop-
erative pain24,25. Future trials to evaluate the efficacy of methadone 
in surgeries with prolonged remifentanil exposure are desirable, and 
it would be advisable to incorporate standardized somatosensory 
tests to evaluate postoperative hyperalgesia39,40. 

As a subjective variable, pain is most widely assessed through the 
NRS41. It is desirable that studies assessing pain, such as ours, use 
this scale to enable comparisons across studies facilitating future ev-
idence synthesis efforts, such as inclusion in systematic reviews and 
meta-analyses. 

Our results suggest advantages of intraoperative methadone com-
pared to morphine to treat postoperative pain in laparoscopic chol-
ecystectomy, resulting in less rescue morphine in the PACU and 
lower NRS scores specific periods. Further, the methadone-treated 
patients who exhibited less nausea are an important consideration in 
choosing an opioid within a multimodal treatment strategy in surger-
ies such as cholecystectomy. 
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