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Surgical patients expect adequate pain relief with 
minimal or no adverse side effects.1 More than 80% 
report inadequately treated postoperative pain,2,3 

which can cause increased morbidity and mortality 

and risk of chronic postsurgical pain that develops in  
10%–50% of patients.4,5 Acute postoperative pain is 
the single greatest risk factor for chronic postsurgical 
pain.4,6,7

KEY POINTS
•	 Question: Can an optimal single intraoperative dose of methadone provide adequate analge-

sia, and reduce opioid consumption, compared with conventional repetitive dosing of short-
duration opioids, for same-day discharge ambulatory surgery?

•	 Findings: In a dose-escalation dose-finding pilot study, a single induction dose of methadone 
(0.15 mg/kg ideal body weight) decreased intraoperative and postoperative opioid require-
ments and reduced postoperative pain.

•	 Meaning: Pilot findings suggest that single-dose intraoperative methadone may be useful for 
same-day discharge ambulatory surgery.

BACKGROUND: Approximately 50 million US patients undergo ambulatory surgery annually. 
Postoperative opioid overprescribing is problematic, yet many patients report inadequate pain 
relief. In major inpatient surgery, intraoperative single-dose methadone produces better analgesia 
and reduces opioid use compared with conventional repeated dosing of short-duration opioids. 
This investigation tested the hypothesis that in same-day ambulatory surgery, intraoperative meth-
adone, compared with short-duration opioids, reduces opioid consumption and pain, and deter-
mined an effective intraoperative induction dose of methadone for same-day ambulatory surgery.
METHODS: A double-blind, dose-escalation protocol randomized 60 patients (2:1) to intraop-
erative single-dose intravenous methadone (initially 0.1 then 0.15 mg/kg ideal body weight) or 
conventional as-needed dosing of short-duration opioids (eg, fentanyl, hydromorphone; controls). 
Intraoperative and postoperative opioid consumption, pain, and opioid side effects were assessed 
before discharge. Patient home diaries recorded pain, opioid use, and opioid side effects daily for 
30 days postoperatively. Primary outcome was in-hospital (intraoperative and postoperative) opioid 
use. Secondary outcomes were 30 days opioid consumption, pain intensity, and opioid side effects.
RESULTS: Median (interquartile range) methadone doses were 6 (5–6) and 9 (8–9) mg in the 0.1 and 
0.15 mg/kg methadone groups, respectively. Total opioid consumption (morphine equivalents) in the 
postanesthesia care unit was significantly less compared with controls (9.3 mg, 1.3–11.0) in subjects 
receiving 0.15 mg/kg methadone (0.1 mg, 0.1–3.3; P < .001) but not 0.1 mg/kg methadone (5.0 
mg, 3.3–8.1; P = .60). Dose-escalation ended at 0.15 mg/kg methadone. Total in-hospital nonmetha-
done opioid use after short-duration opioid, 0.1 mg/kg methadone, and 0.15 mg/kg methadone 
was 35.3 (25.0–44.0), 7.1 (3.7–10.0), and 3.3 (0.1–5.8) mg morphine equivalents, respectively  
(P < .001 for both versus control). In-hospital pain scores and side effects were not different between 
groups. In the 30 days after discharge, patients who received methadone 0.15 mg/kg had less pain 
at rest (P = .02) and used fewer opioid pills than controls (P < .0001), whereas patients who received 
0.1 mg/kg had no difference in pain at rest (P = .69) and opioid use compared to controls (P = .08).
CONCLUSIONS: In same-day discharge surgery, this pilot study identified a single intraoperative 
dose of methadone (0.15 mg/kg ideal body weight), which decreased intraoperative and post-
operative opioid requirements and postoperative pain, compared with conventional intermittent 
short-duration opioids, with similar side effects.   (Anesth Analg XXX;XXX:00–00)
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Opioids are the primary pharmacotherapy for moder-
ate to severe surgical pain. Use of shorter-duration opioids 
has increased in the past 2 decades,8 but has not improved 
surgical pain treatment.2 Opioid-related side effects, like 
respiratory depression, continue to complicate postopera-
tive pain treatment.9–11

In contrast to conventional use of intraoperative short-
duration opioids (fentanyl and congeners, morphine, 
hydromorphone), a single dose of a long-duration opioid (ie, 
methadone) produces better analgesia than repeated doses 
of short-duration opioids.12 This has been shown repeatedly 
in inpatients undergoing major surgery.13–21 Methadone is 
a μ-opioid agonist with several advantages compared with 
commonly used opioids, including rapid onset of effect, 
absence of active metabolites, and long elimination half-life 
(1–2 days), and is also an N-methyl-d-aspartate receptor 
antagonist.12,22,23 The long methadone elimination half-life 
results in prolonged effect and significantly diminished 
need for postoperative analgesics.12

Nevertheless, methadone in outpatient surgery has not 
been evaluated. The appropriate dose in same-day ambula-
tory surgery has also not been defined. Short- and longer-
term effects on opioid consumption, pain, and potential 
side effects are unknown.

The objective of this pilot study was to determine the 
clinical effectiveness of intraoperative single-dose metha-
done in same-day discharge ambulatory surgery and 
to determine an effective dose for these surgical proce-
dures. The primary aim was to examine intraoperative 
and postoperative opioid utilization until discharge from 
the hospital. Secondary aims were to compare single-dose 
methadone versus conventional use of short-duration opi-
oids with respect to 30-day postoperative opioid consump-
tion, immediate (predischarge), and 30-day postoperative 
pain intensity and pain relief; and postoperative opioid 
side effects. Because methadone anesthesia for outpatient 
surgery had not previously been studied, this investigation 
was conducted as a dose-finding pilot study using escalat-
ing dose groups to determine an optimal methadone dose.

METHODS
Protocol
This investigation was a single-center, randomized, double-
blind, parallel-group, dose-escalation, dose-finding pilot. 
The protocol and consent document were approved by the 
Washington University in St Louis Institutional Review Board 
and the investigation was registered at clinicaltrials.gov 
(NCT02300077, principal investigator: Helga Komen, date of 
registration: November 18, 2014), before patient enrollment. 
All patients provided written informed consent. This manu-
script adheres to the applicable Consolidated Standards of 
Reporting Trials (CONSORT) guidelines. Potential partici-
pants were identified by investigators and research coordina-
tors from operating room schedules. Inclusion criteria were 
patients 18–65 years of age, undergoing elective same-day 
discharge ambulatory surgery under general anesthesia. 
Exclusion criteria included a history of liver or kidney disease, 
pregnant or nursing females, and potentially opioid-tolerant 
patients (ie, daily use of methadone, >20 mg/day oxycodone 
or hydrocodone, or fentanyl transdermal patch). Patients 
were typically undergoing laparoscopic cholecystectomy, 

tubal ligation, or salpingectomy and/or oophorectomy, and 
were enrolled between March 2015 and May 2016.

Before surgery, patients were asked to complete a short 
questionnaire regarding the past 7 days average pain inten-
sity and pain interference, as well as overall physical-mental 
health and expected level of postoperative pain (based on 
NIH PROMIS-29 Profile v2.0, Patient Reported Outcomes 
Measurement Information System). Demographic data 
were recorded.

Patients were assigned sequential study numbers and were 
randomized by blocks of 3 using a published randomization 
table, in a 2:1 ratio (methadone:control), to receive either intra-
operative single-dose methadone or conventional practice 
(intraoperative short-duration opioid; fentanyl, sufentanil, 
hydromorphone, or morphine, with drug choice and dosing 
at practitioners’ discretion). The initial cohort of 20 metha-
done patients received 0.1 mg/kg ideal body weight, and the 
second cohort received 0.15 mg/kg ideal body weight (dose 
rounded to the nearest 0.5 mg). The anesthesia provider was 
given a numbered sealed envelope, prepared by an otherwise 
uninvolved individual, containing the randomization assign-
ment. The investigators, patients, and research staff evaluat-
ing the patients were blinded to drug group assignment. The 
anesthesia provider and postanesthesia care unit (PACU) 
nurses were unblinded. PACU staff were unaware of the study 
objectives, design, and outcomes. Anesthesia and surgical care 
were not altered for study purposes, except that patients in the 
methadone groups received methadone as their intraoperative 
opioid, rather than leaving the choice and doses of intraopera-
tive opioid to the provider, and no one in the control (short- 
duration opioid) group received methadone.

Patient premedication was at the discretion of the anes-
thesia care team. Anesthetic induction was with propofol or 
etomidate and muscle relaxant at the anesthesia provider’s 
discretion, and the designated opioid (single-dose methadone 
or unrestricted short-duration opioids). The opioid could be 
given in the operating room up to 5–10 minutes before the pro-
pofol or etomidate. Anesthetic maintenance was with volatile 
anesthetic (sevoflurane or desflurane) or propofol at the anes-
thesia provider’s discretion. Patients receiving methadone at 
induction received no additional opioid during the surgical 
procedure. Patients randomized to receive short-duration 
opioids could receive additional doses of fentanyl, sufentanil, 
morphine, or hydromorphone during maintenance at the pro-
vider’s discretion. To ensure patient comfort, at the end of the 
procedure, during wound closure or after emergence, addi-
tional opioid could be given for pain, in all groups. Patients in 
both methadone and short-duration opioid groups received 
only fentanyl, morphine, or hydromorphone during emer-
gence. Less commonly and more variably used drugs (nitrous 
oxide, ketamine, dexmedetomidine) were generally avoided, 
to reduce variability. Antiemetic prophylaxis (ondansetron, 4 
mg intravenous) was given per usual practice to each patient 
toward the end of surgery.

Postoperative care and analgesia were per institu-
tional practice, and not altered for study purposes. In the 
PACU, patients could receive fentanyl or hydromorphone, 
with dosing (for mild, moderate, or severe pain) based on 
patient pain reports on a 0–10 verbal scale (1–3, 4–6, or 
7–10, respectively), per institutional standing orders and 
standard practice. Additional antiemetic (ondansetron) or 
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diphenhydramine was given if needed. Additional oral 
analgesics (oxycodone, hydrocodone, or acetaminophen) 
after discharge from the PACU and until discharge from the 
hospital, if needed, were prescribed by the surgical team. 
Postdischarge opioids were prescribed by the surgical team. 
These included oxycodone (5 mg), oxycodone (5 mg)/acet-
aminophen (325 mg), and hydrocodone (5 mg)/acetamino-
phen (325 mg).

Postoperatively, patients were assessed for pain, seda-
tion, and pain relief satisfaction after PACU admission, 
every 15 minutes for the first hour, hourly for the next 4 
hours, and before discharge. All assessments were con-
ducted by a trained member of the research team, blinded 
to randomization allocation. We used a standard protocol 
for assessment of pain intensity (at rest, with coughing, and 
with activity) using a 0–10 Numeric Rating Scale. Observed 
sedation (Modified Observer’s Assessment of Alertness/
Sedation: MOAA/S, 0–5),24 was recorded concurrently with 
pain assessments. During PACU recovery, adverse events 
were recorded: respiratory depression (respiratory rate 
<8/min), reintubation, decreased oxygen saturation (<90% 
for >1 minute; <85% for >30 seconds), excessive sedation 
(MOAA/S, 0–2), pain/sedation mismatch (defined as 
MOAA/S, 0–2 and pain score >510). Drug administration 
for prophylaxis/treatment of opioid side effects (eg, anti-
emetics) was recorded from our electronic medical record 
system. Opioid side effects were assessed before discharge 
using the Opioid-Related Symptom Distress Scale (ORSDS). 
ORSDS uses 4-point Likert scales to characterize 12 opioid 
side effects (nausea, vomiting, constipation, difficulty uri-
nating, difficulty concentrating, drowsiness, dizziness, con-
fusion, fatigue, itching, dry mouth, and headache) according 
to frequency, severity, and bothersomeness.

For the 30-day postoperative follow-up, patients were 
given a paper diary to record their average pain for that day 
(at rest, with activity, with coughing; using a 0–10 numeri-
cal rating scale). They also recorded pain interference with 
7 activities of daily living (mood, ability to walk or move, 
sleep, normal work outside the home, normal work at home, 
recreational activities, and enjoyment of life, on a 5-point 
Likert scale). Questions were based on the Patient Reported 
Outcomes Measurement Information System Pain Behavior 
and Pain Interference item banks. Patients also recorded 
opioid and nonopioid analgesic use, sedation, and time to 
return to work. Opioid side effects (ORSDS) were assessed 
7, 14, and 30 days postoperatively. Patients were also asked 
about the number of remaining pain medication pills and 
their disposal at the 30-day time point.

Data and Statistical Analysis
The dose-finding nature of the protocol required interim 
assessments after each methadone dose cohort. Methadone 
dose-escalation ceased when subjects required minimal 
PACU opioid defined as opioid dose given in the PACU that 
was lower than the one given in control patients (without 
increased adverse events), and the protocol was then com-
pleted per plan, and cumulative data were analyzed.

The primary outcome was in-hospital opioid utilization 
(intraoperative and postoperative). A secondary outcome 
was 30-day postoperative opioid consumption. All opioid 

dosing was converted to intravenous morphine equivalents 
for analysis.25 Additional secondary outcomes included in-
hospital postoperative pain scores and pain relief scores, 
30-day postdischarge pain scores, in-hospital, and 30-day 
postdischarge opioid side effects. Because this was a dose-
escalation study, there was a planned partial analysis of 
predischarge nonmethadone opioid requirement after each 
methadone dose cohort was completed. The sample size for 
this pilot investigation was based on previous studies.26 All 
outcomes were compared for statistical significance between 
methadone and short-duration opioid groups, univariable 
at each time point and multivariable using repeated mea-
sures models. All outcomes were assessed visually to select 
appropriate statistical distributions for the analysis. For uni-
variate analysis of categorical outcomes comparing groups, 
χ2 or Fisher exact test was used, as appropriate, depending 
on expected counts. For continuous variables, the Kruskal-
Wallis test was used to compare groups. Initially, the univar-
iate analyses were performed comparing multiple groups 
simultaneously. For the outcomes with a significant differ-
ence among groups, we additionally compared all group 
pairs, adjusting for multiple testing using the Bonferroni 
method. ORSDS was first analyzed by symptom for fre-
quency (% of patients affected), and then, if there were sig-
nificant differences between groups, for bothersomeness.

For repeated measures analysis, generalized linear mixed 
model analysis was used, adjusting for time and accounting 
for within-patient correlation. For binary outcomes, such as 
symptom presence, nonlinear logistic mixed effects models 
with binomial distribution were used. For outcomes such 
as numerical rating scales with excessive number of zero 
scores, each time point was modeled separately using a 
zero-inflated negative binomial model. For count outcomes, 
such as number of symptoms, a Poisson distribution was 
assumed. For continuous outcomes, such as dose, the data 
were log-transformed before linear mixed effects models 
analysis was done. In addition, we used survival log-rank 
tests and Kaplan-Meier plots to assess time to discontinu-
ation of symptoms or opioids and time to alertness. For 
outcomes on the ordinal scale, such as symptom intensity, 
cumulative logit models were used. Sedation levels were 
compared using a repeated measures model with binomial 
link, adjusting for time and within-patient correlation. The 
analysis was also performed without binarizing MOASS, 
with a Poisson model. In addition, data were analyzed with 
a time to event (alertness of 5 or 4) model. For all analyses, P 
values <.05 were considered statistically significant. R soft-
ware version 3.3.1 was used for all analyses.

Normally distributed data are presented as the mean ± 
standard deviation, and nonnormally distributed data are 
presented as the median and interquartile range (IQR).

RESULTS
A total of 156 patients were screened for inclusion. Of 
these, 86 were not eligible or did not consent. Among 70 
patients who consented, 4 were withdrawn from the study 
for additional reasons (liver/kidney disease, n = 2; consent 
withdrawn by patient, n = 1; anesthesia provider refused 
participation, n = 1), leaving 66 patients for randomization 
(Figure  1). After randomization, 6 patients were excluded 
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because of canceled surgery, randomization not followed, 
change in surgical plan (ie, postoperative admission), with-
drawal of consent, and violation of exclusion criteria (after 
enrollment and randomization a patient disclosed she was 
lactating). Data from 60 patients were analyzed for the in-
hospital portion of the study. Postoperative 30-day diaries 
were returned by 40 patients. The trial ended once the 
planned number of patients was enrolled, and analysis con-
firmed the effectiveness of the methadone dose.

Demographic data and anesthetic characteristics were 
similar in the 3 groups with respect to age, body weight, 
ideal body weight, American Society of Anesthesiologists 
physical status, anesthesia duration, and types of surgeries 
(Table  1). Ten and 11 controls were enrolled contempora-
neously with the 0.1 and 0.15 mg/kg methadone groups, 
respectively. As expected, there was less overall interindi-
vidual variability in ideal body weight (13%) than actual 
body weight (32%).

Median intraoperative methadone doses were 6 and 9 
mg in the 0.1 and 0.15 mg/kg ideal body weight groups, 
respectively (Table 1). There was little within-group varia-
tion in methadone dose, because of dosing to ideal body 
weight. In the controls, all patients received either fentanyl 
or fentanyl and hydromorphone (11 and 10 patients, respec-
tively). Median (IQR) doses were 250 µg (200–250) fentanyl 
and 0 mg (0–0.75) hydromorphone. No patient received suf-
entanil or morphine.

Opioid consumption before hospital discharge is shown 
in Table 2. Median differences are shown in Supplemental 
Digital Content, Table 1, http://links.lww.com/AA/C411. 
The determinant of methadone dose escalation was PACU 

opioid requirement. Total PACU opioid consumption in 
subjects receiving conventional dosing of short-duration 
opioids was 9.3 mg morphine equivalents (IQR, 1.3–11.0 
mg). It was not lower in subjects receiving 0.1 mg/kg meth-
adone (5.0 mg, 3.3–8.1; P = .60) versus controls, so the meth-
adone dose was escalated. PACU opioid consumption was 
significantly lower and minimal (0.1 mg, 0.1–3.3) in subjects 
receiving 0.15 mg/kg methadone (P < .0001), and the null 
hypothesis was rejected. This was considered an effective 
dose, and enrollment was completed at this dose cohort.

The primary outcome measure was postoperative opi-
oid utilization until discharge from the hospital. In patients 
receiving 0.1 mg/kg methadone, compared with controls, 
total intraoperative nonmethadone opioid requirements 
were significantly less, but total PACU opioid requirements, 
total day of surgery nonoperating room (OR) (PACU + 
post-PACU) nonmethadone opioid requirements, and the 
number of patients needing no additional PACU opioid 
were not different. Therefore, the dose of methadone was 
escalated to 0.15 mg/kg ideal body weight and additional 
patients studied (with additional randomized controls). In 
patients receiving 0.15 mg/kg methadone, total intraopera-
tive nonmethadone opioid requirements, total PACU opi-
oid requirements, and total day of surgery non-OR (PACU 
+ post-PACU) nonmethadone opioid requirements were 
significantly less, and more patients needed no additional 
PACU opioid, compared with controls receiving short-dura-
tion opioids, and compared with 0.1 mg/kg methadone. 
Therefore, higher methadone doses were not evaluated.

Several secondary outcomes were evaluated before hos-
pital discharge. Postoperative pain was assessed by numeric 

Figure 1. CONSORT flow diagram for 
screening, inclusion, and exclusion of 
trial participants. CONSORT indicates 
Consolidated Standards of Reporting 
Trials.

http://links.lww.com/AA/C411
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rating scale scores in 15-minute increments for the first hour 
in the PACU, and hourly thereafter up to 4 hours or until 
discharge (Figure 2A). There was no significant difference 
between the 3 groups in pain scores at rest, with cough-
ing, with activity (P = .177). There was also no significant 
difference between groups at any individual time point (P 
values between 0.325 and 0.967). There was also no influ-
ence of methadone on the day of surgery sedation (P = .96, 
Figure 2B), and no instance of excessive sedation (MOAA/S 
0–2) occurred in any patient. There were no adverse respira-
tory events (respiratory rate <8, oxygen saturation <90% for 
>1 minute, reintubation, pain/sedation mismatch) in any 
patient. There was no significant difference between groups 
in PACU drug administration to treat nausea or emesis. The 
number or percentage of patients receiving PACU ondanse-
tron (6, 4, and 6, respectively), PACU diphenhydramine (3, 
1, and 1), or any PACU antiemetic (43%, 28%, and 33%) in 

the control, 0.1 mg/kg methadone, and 0.15 mg/kg meth-
adone groups was not different (P = .60). Time to readi-
ness for PACU discharge, as recorded by PACU nurses, 
was not different in patients receiving methadone versus 
short-duration opioids (Table 1). There were no differences 
between control and either methadone group regarding in-
hospital opioid-related adverse symptoms (Table 3).

Several secondary outcomes were evaluated after hos-
pital discharge, based on 30-day take-home diaries. Pain at 
rest was significantly less than controls in patients receiv-
ing methadone 0.15 mg/kg (P = .02), but not methadone 0.1 
mg/kg (P = .69) (Figure  2C). There was no significant dif-
ference between groups in pain with activity (P = .191) or 
pain with coughing (P = .116; not shown), or time to first 
pain-free day (not shown). There was no significant differ-
ence between groups in mood (P = .23), ability to walk or 
move (P = .31), sleep (P = .25), normal work outside the home  

Table 1.   Demographic Data and Anesthetic Characteristics

 

Control  
(Short-Duration  

Opioid)
Methadone  

0.1 mg/kg IBW

Methadone  
0.15 mg/kg 

IBW
Number of patients 21 18 21
Age (y) 42 ± 13 37 ± 11 40 ± 11
sex (M:F) 3:18 2:16 0:21
Race/ethnicity
  Caucasian 13 (62) 15 (83) 12 (57)
  African-America 7 (33) 3 (17) 9 (43)
  Asian 1 (5) 0 (0) 0 (0)
Actual weight (kg) 85 ± 16 88 ± 42 86 ± 26
IBW (kg) 60 ± 5 57 ± 6 57 ± 6
ASA physical status, n (%)
  I 1 (5) 0 (0) 0 (0)
  II 16 (76) 17 (94) 21 (100)
  III 4 (19) 1 (6) 0 (0)
Anesthesia duration (min) 86 ± 21 102 ± 17 84 ± 22
Surgery
  Laparoscopic cholecystectomy 11 11 5
  Laparoscopic tubal ligation 6 1 7
  Laparoscopic salpingectomy ± oophorectomy 2 6 9
  Laparoscopic inguinal hernia repair 2 0 0
Intraoperative methadone (mg) 0 5.5 (5.0–6.0) 8.5 (7.8–9.0)
Ready for PACU discharge (min) 96 ± 50 94 ± 45 128 ± 106

Results are the mean ± standard deviation.
Abbreviations: ASA, American Society of Anesthesiologists; IBW, ideal body weight; PACU, postanesthesia care unit.

Table 2.   In-Hospital Opioid Consumption

 

Control  
(Short-Duration 

Opioid)

Methadone  
0.1 mg/kg  

IBW

P Value  
Versus  
Control

Methadone  
0.15 mg/kg 

IBW

P Value  
Versus  
Control

Primary outcomes
  Total intraoperative nonmethadone opioid  

(mg morphine equivalents)
25.0 (23.3–28.3) 0.1 (0.1–0.1) <.0001 0.1 (0.1–0.1) <.0001

  Total PACU nonmethadone opioid (mg morphine 
equivalents)

9.3 (1.3–11.0) 5.0 (3.3–8.1) .60 0.1 (0.1–3.3) <.0001

  Number of patients (%) needing no PACU opioid 5 (24%) 2 (11%) .42 12 (57%) .06
  Total post-PACU nonmethadone opioid (mg morphine 

equivalents)
0.0 (0.0–2.9) 0.0 (0.0–0.6) .19 0.0 (0.0–2.5) .79

  Total day of surgery non-OR (PACU + post-PACU) total 
nonmethadone opioid (mg morphine equivalents)

10.0 (2.5–14.3) 5.4 (3.3–9.6) .42 3.3 (0.1–5.8) .01

  Total day of surgery nonmethadone opioid  
(mg morphine equivalents)

35.3 (25.0–44.0) 7.1 (3.7–10.0) <.0001 3.3 (0.1–5.8) <.0001

  Total day of surgery opioid (mg morphine equivalents) 35.3 (25.0–44.0) 13.3 (8.9–16.4) <.0001 12.3 (8.9–14.3) <.0001

Results are the median (interquartile range).
Abbreviations: IBW, ideal body weight; OR, operating room; PACU, postanesthesia care unit.
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(P = .82), normal work at home (P = .47), recreational activities  
(P = .14), and enjoyment of life (P = .20).

Postoperative take-home opioids were prescribed by 
surgeons. The most common opioids were oxycodone  
5 mg/acetaminophen 325 mg and hydrocodone 5 mg/acet-
aminophen 325 mg. Postdischarge 30-day opioid consump-
tion based on take-home diaries is shown in Table 4. The 
time to discontinue opioid use was not different between 
cholecystectomy and salpingectomy/oophorectomy, and 
tubal ligation (P = .174). Compared with controls, there 
were significantly fewer opioid pills used in patients 
receiving methadone 0.15 mg/kg (P < .0001) but not 0.1 
mg/kg (P = .087), and there was a significant difference 
between methadone doses (P = .019; Figure  2D). Results 

were similar when calculated as morphine equivalents 
(not shown). The total number of patients using ≤10 and  
≤5 pills was 26 and 15, respectively. The fraction of patients 
using ≤10 and ≤5 pills in the methadone groups was not 
significantly different (P = .23) from controls. There was 
no difference in the time to first opioid-free day between 
the 3 groups (not shown). Time to opioid discontinua-
tion was significantly less than controls in the 0.1 mg/kg  
methadone group (P = .02) but not the 0.15 mg/kg metha-
done group (not shown).

Opioid-related symptoms were examined at 7, 14, and 30 
days postdischarge. Nausea was reported in some patients 
on all 3 days; no vomiting was reported on days 14 and 30. 
Groups were compared by symptoms of nausea at each of 
the 3 days and by vomiting at day 7. A repeated measures 
model for nausea was also fit, with binomial distribution, 
adjusting for within-patient correlation. No significant dif-
ference in nausea and vomiting between groups was found 
at any time point. In a repeated measures model adjusting 
for time, the 0.1 mg/kg methadone group reported signifi-
cantly more nausea than controls (P < .001).

Among all patients, a median of 30 opioid pills were 
prescribed per patient (IQR, 22–40; minimum–maximum, 
5–70), representing 1820 pills dispensed. In the 40 patients 
returning the 30-day diaries, a median of 8 opioid pills was 
consumed per patient (IQR, 3–18; range 0–33), representing 
a total of 428 pills consumed, and 928 were left over unused 
(median 23 per patient; IQR, 17–30). Ninety-five percent of 
patients had leftover unused opioids.

DISCUSSION
Intraoperative single-dose methadone administration 
for inpatient surgery (orthopedic, spine, abdominal, 
and cardiac) in adults and children has been previously 
described.13–21,26 For these operations, in adults, methadone 

Table 3.   Day of Surgery Opioid-Related Symptoms 
(ORSDS, at Discharge)

Symptom

Control  
(% of 

Patients)

Methadone  
0.10 mg/kg  

(% of Patients)

Methadone  
0.15 mg/kg  

(% of Patients) P Value
Nausea 33 33 48 .67
Vomiting 5 0 10 .77
Difficulty passing 

urine
5 11 5 .67

Difficulty 
concentrating

19 22 5 .28

Drowsiness, difficulty  
staying awake

67 56 48 .44

Feeling lightheaded  
or dizzy

33 33 24 .82

Feeling confused 5 6 0 .75
Fatigue 71 67 67 1.00
Itchiness 24 11 19 .64
Dry mouth 86 72 81 .66
Headache 19 6 5 .35

Abbreviation: ORSDS, Opioid-Related Symptom Distress Scale.

A

C D

B

Figure 2. Clinical outcomes. A, 
Postoperative pain at rest. Patients 
were asked to rate their pain on a 0–10 
numeric rating scale. Results are the 
mean ± standard deviation (SD). Some 
SDs are omitted for clarity. B, Day of sur-
gery postoperative sedation. Sedation 
was scored (0 = unresponsive, 5 = 
awake) using the Modified Observer’s 
Assessment of Alertness/Sedation. 
Results are the mean ± SD. Some SDs 
are omitted for clarity. C, Postdischarge 
pain at rest. Patients rated their pain 
on a 0–10 numeric rating scale. Pain at 
rest was significantly less than controls 
in patients receiving methadone 0.15 
mg/kg (P = .02) but not methadone 0.1 
mg/kg (P = .69). D, Postdischarge opi-
oid consumption. Results are cumula-
tive 30 days postdischarge opioid pills 
consumed. Results are the median and 
interquartile range. *P < .0001 com-
pared with control (short-duration opi-
oids). IBW indicates ideal body weight; 
PACU, postanesthesia care unit.
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doses at anesthetic induction were originally 20 mg,13–15,17 
and later 0.2,19,21 0.25,18 and 0.3 mg/kg.20 Only 1 instance of 
methadone use (routine 10 mg oral methadone, or 5 mg in 
patients >60 years, immediately before surgery) in same-
day ambulatory surgery has been reported.27

This pilot study determined an effective dose of intra-
operative single-dose methadone in same-day discharge 
ambulatory surgery patients. Patients underwent elective, 
moderately painful procedures, including laparoscopic cho-
lecystectomy, tubal ligation, salpingectomy, and/or oopho-
rectomy. Because the optimal methadone dose in these 
operations was unknown, and owing to patient safety consid-
erations, the protocol used a dose-escalation design, with 0.1 
mg/kg starting dose and 0.05 mg/kg increments. An effective 
dose was defined as one that minimized pain and PACU opi-
oid requirement, without untoward side effects. The goal was 
not to increase the dose further, to find a maximally tolerable 
dose, as that would have caused unwanted side effects.

Results showed that intravenous methadone 0.15 mg/kg  
ideal body weight (median 9 mg) but not 0.10 mg/kg 
(median 6 mg) at induction significantly reduced require-
ments for additional intraoperative and postoperative 
(PACU) opioid, compared with conventional anesthesia 
practice using intermittent short-duration opioids. After 
median 9 mg methadone in these outpatients, PACU opioid 
requirement averaged <1 mg morphine equivalent. Because 
of obesity, weight-based dosing can confuse practitioners 
as to whether actual weight or ideal body weight should 
be used. To minimize interpatient variability in dose, this 
investigation used ideal body weight.28 The range of actual 
methadone doses was consequently small. Methadone 
was not associated with a higher incidence of adverse 
effects (sedation, nausea, emesis, respiratory depression) 
or delayed PACU discharge. Total median day of surgery 
opioid (OR, PACU, post-PACU) in patients receiving meth-
adone 0.15 mg/kg was 12.3 (8.9–14.3) mg morphine equiv-
alents. Further studies in comparable patient populations 
undergoing similar procedures might receive a single 10 mg 
intravenous methadone dose at induction, for simplicity.

Results in same-day discharge outpatients are similar 
to results in inpatients undergoing major surgery. An early 
report of methadone (20 vs 20 mg morphine) at induction in 
patients undergoing upper abdominal incision found lower 
postoperative opioid requirements after methadone (12 ± 8 
vs 41 ± 14 mg).15 Abdominal hysterectomy patients needed 
less 72-hour postoperative opioid after 20 mg intraoperative 
methadone than 20 mg morphine (average 6 vs 46 mg).17 
In complex spine surgery, patients receiving intraoperative 

methadone (0.2 mg/kg) versus sufentanil infusion had 50% 
lower postoperative opioid requirements.19 In spinal fusion, 
methadone (0.2 mg/kg) compared with hydromorphone 
reduced total 72 hours postoperative opioid requirements.21 
In cardiac surgery, intraoperative methadone (0.3 mg/kg) 
compared with fentanyl reduced total 72 hours postopera-
tive opioid requirements.20 Patients receiving methadone 
also reported lower pain intensity and improvements in 
self-perceived quality of pain management.17,19–21

Several secondary outcomes also showed significant dif-
ferences between patients receiving methadone compared 
with short-duration opioids. Pain at rest in the 30-day post-
operative period was less after methadone 0.15 mg/kg 
administration, although more provoked pain (with activ-
ity and coughing) was not different. The total number of 
opioid pills and morphine mg equivalents was significantly 
less in patients receiving methadone 0.15 mg/kg compared 
with conventional short-duration intraoperative opioids. 
This could suggest a need for fewer discharge opioid pills 
prescribed in ambulatory surgery patients.

The provision of satisfactory and safe pain relief is 
no less important in ambulatory than inpatient surgery. 
Ambulatory surgery constitutes >60% of surgical proce-
dures performed in the United States.29 These are a sub-
stantial fraction of the more than 310 million procedures 
performed annually worldwide.30 Patients report unexpect-
edly high levels of pain after seemingly “minor” surgical 
procedures, including laparoscopic appendectomy, cho-
lecystectomy, and salpingo-oophorectomy.31 While com-
monly believed that laparoscopic procedures are minimally 
or less painful than their open counterparts, worst pain 
ratings (0–10 numerical rating scale) were only 0.5–1 lower 
for appendectomy, cholecystectomy, and hysterectomy per-
formed laparoscopically versus open.32 Inadequate pain 
control is the most commonly reported negative outcome 
for ambulatory surgery.33 The prevalence of chronic post-
surgical pain is no different after outpatient than inpatient 
surgery.5 Adequate analgesia may be even more challenging 
for anesthesiologists in ambulatory settings because of the 
brief period of patient contact.

Ninety-five percent of patients in this investigation had 
leftover unused opioids. The problem of a growing reservoir 
of unused opioids and availability for diversion has become 
increasingly apparent.34,35 Postoperative opioid prescribing 
patterns have come under increased scrutiny, and overpre-
scribing has been identified.36,37 The issue of unused opioids 
leftover after surgery was recently reviewed, with 77%–92% 
of outpatients and 67%–90% of inpatients reporting unused 

Table 4. Postdischarge Opioid Consumption

 

Control  
(Short-Duration Opioid) 

(n = 14)

Methadone  
0.1 mg/kg IBW  

(n = 13)

P Value  
Versus  
Control

Methadone  
0.15 mg/kg  
IBW (n = 12)

P Value  
Versus  
Control

Number of opioid pills prescribed 30 (20–45) 30 (30–40)  30 (23–30)  
Total postdischarge opioid pills used 10 (3–20) 7 (4–19) .087 5 (3–13) <.001
Number of patients using ≤10 pills 8 (57%) 9 (69%) .70 9 (75%) .43
Number of patients using ≤5 pills 4 (29%) 4 (31%) 1.0 7 (58%) .23
Number of unused opioid pills 26 (7–34) 23 (20–30) .79 22 (14–29) .93

Results are based on 30-day postoperative diaries. Not all patients returned the diary. 
Results are the median (interquartile range).
Abbreviation: IBW, ideal body weight.
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opioids.38 After upper extremity surgery, patients were pre-
scribed 30 pills, but 77% of patients took ≤15, 45% took <5, 
and some took none.39 Our results reinforce the issue of opioid 
overprescribing in surgical patients, specifically outpatients, 
and that prescription sizes can be diminished.1 The second 
aspect of postoperative opioid prescribing is the novel obser-
vation that intraoperative methadone reduced total postdis-
charge opioid requirements. Thus, intraoperative methadone, 
by reducing postdischarge opioid consumption, may enable 
reductions in take-home opioid prescribing and misuse.

There are acknowledged and potential limitations in this 
investigation. This was a pilot and feasibility study, with 
small numbers of patients. There was an elevated chance 
of type I error due to multiple outcomes. Not all patients 
returned the 30-day diaries. There was a predominance of 
women, owing to the demographics of the same-day surgery 
population at the tertiary care academic institution. A fuller 
comparative investigation, using just 1 methadone dose, 
and powered for both primary and secondary outcomes, 
and fuller side-effect analysis, is needed for generalizabil-
ity. Readiness for PACU discharge was used rather than 
actual PACU discharge time because the latter is multifac-
torially determined and nonreflective of actual readiness.40 
To minimize deviations from usual surgical and anesthesia 
care, PACU analgesia was achieved with short-duration 
opioids. In our inpatient practice, however, patients receiv-
ing intraoperative methadone also receive methadone in the 
PACU. Such use might confer additional benefit in outpa-
tient anesthesia. Patients and research team members were 
blinded as to opioid regimen, and PACU opioid dosing was 
per institutional standard protocol. Anesthesia practitioners 
were of course not blinded, because, by definition, the study 
assessed single dosing (methadone) versus conventional 
multiple intermittent dosing (fentanyl, hydromorphone).

In summary, this investigation found that anesthesia 
for same-day discharge ambulatory elective surgery using 
single-dose intraoperative methadone (median dose 9 
mg), compared with conventional short-duration opioids, 
decreased intraoperative and postoperative opioid con-
sumption, and achieved better postoperative analgesia, 
without increasing side effects. E

DISCLOSURES
Name: Helga Komen, MD.
Contribution: This author helped with the research protocol, insti-
tutional review board process, patient recruitment, and data acqui-
sition and interpretation, and drafted the manuscript.
Name: L. Michael Brunt, MD.
Contribution: This author helped revise the manuscript.
Name: Elena Deych, MS.
Contribution: This author helped analyze the data and revise the 
manuscript.
Name: Jane Blood, RN.
Contribution: This author helped with the institutional review 
board process, data acquisition, and revising the manuscript.
Name: Evan D. Kharasch, MD, PhD.
Contribution: This author helped with the study conception and 
design, research protocol, institutional review board process, data 
analysis and interpretation, and manuscript drafting and editing.
This manuscript was handled by: Jean-Francois Pittet, MD.

REFERENCES
	 1.	 Kharasch ED, Brunt LM. Perioperative opioids and public 

health. Anesthesiology. 2016;124:960–965.

	 2.	 Gan TJ, Habib AS, Miller TE, White W, Apfelbaum JL. 
Incidence, patient satisfaction, and perceptions of post-surgical 
pain: results from a US national survey. Curr Med Res Opin. 
2014;30:149–160.

	 3.	 Chou R, Gordon DB, de Leon-Casasola OA, et al. Management 
of postoperative pain: a clinical practice guideline from the 
American Pain Society, the American Society of Regional 
Anesthesia and Pain Medicine, and the American Society 
of Anesthesiologists’ Committee on Regional Anesthesia, 
Executive Committee, and Administrative Council. J Pain. 
2016;17:131–157.

	 4.	 Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk 
factors and prevention. Lancet. 2006;367:1618–1625.

	 5.	 Hoofwijk DM, Fiddelers AA, Peters ML, et al. Prevalence 
and predictive factors of chronic postsurgical pain and poor 
global recovery 1 year after outpatient surgery. Clin J Pain. 
2015;31:1017–1025.

	 6.	 Macrae WA. Chronic post-surgical pain: 10 years on. Br J 
Anaesth. 2008;101:77–86.

	 7.	 Pozek JP, Beausang D, Baratta JL, Viscusi ER. The acute to 
chronic pain transition: can chronic pain be prevented? Med 
Clin North Am. 2016;100:17–30.

	 8.	 Kharasch ED. Opioid half-lives and hemlines: the long and 
short of fashion. Anesthesiology. 2015;122:969–970.

	 9.	 Weinger MB. No patient shall be harmed by opioid-induced 
respiratory depression. APSF Newsletter. 2011;26:21–28. 
Available at: https://www.apsf.org/article/no-patient-shall-
be-harmed-by-opioid-induced-respiratory-depression/. 
Accessed December 30, 2015.

	10.	 Weingarten TN, Herasevich V, McGlinch MC, et al. Predictors 
of delayed postoperative respiratory depression assessed from 
naloxone administration. Anesth Analg. 2015;121:422–429.

	11.	 Cauley CE, Anderson G, Haynes AB, Menendez M, Bateman 
BT, Ladha K. Predictors of in-hospital postoperative opioid 
overdose after major elective operations: a nationally represen-
tative cohort study. Ann Surg. 2017;265:702–708.

	12.	 Kharasch ED. Intraoperative methadone: rediscovery, reap-
praisal, and reinvigoration? Anesth Analg. 2011;112:13–16.

	13.	 Gourlay GK, Wilson PR, Glynn CJ. Pharmacodynamics and 
pharmacokinetics of methadone during the perioperative 
period. Anesthesiology. 1982;57:458–467.

	14.	 Gourlay GK, Willis RJ, Wilson PR. Postoperative pain control 
with methadone: influence of supplementary methadone doses 
and blood concentration–response relationships. Anesthesiology. 
1984;61:19–26.

	15.	 Gourlay GK, Willis RJ, Lamberty J. A double-blind comparison 
of the efficacy of methadone and morphine in postoperative 
pain control. Anesthesiology. 1986;64:322–327.

	16.	 Berde CB, Beyer JE, Bournaki MC, Levin CR, Sethna NF. 
Comparison of morphine and methadone for prevention 
of postoperative pain in 3- to 7-year-old children. J Pediatr. 
1991;119:136–141.

	17.	 Richlin DM, Reuben SS. Postoperative pain control with 
methadone following lower abdominal surgery. J Clin Anesth. 
1991;3:112–116.

	18.	 Chui PT, Gin T. A double-blind randomised trial comparing 
postoperative analgesia after perioperative loading doses 
of methadone or morphine. Anaesth Intensive Care. 1992; 
20:46–51.

	19.	 Gottschalk A, Durieux ME, Nemergut EC. Intraoperative meth-
adone improves postoperative pain control in patients under-
going complex spine surgery. Anesth Analg. 2011;112:218–223.

	20.	 Murphy GS, Szokol JW, Avram MJ, et al. Intraoperative meth-
adone for the prevention of postoperative pain: a random-
ized, double-blinded clinical trial in cardiac surgical patients. 
Anesthesiology. 2015;122:1112–1122.

	21.	 Murphy GS, Szokol JW, Avram MJ, et al. Clinical effectiveness 
and safety of intraoperative methadone in patients undergoing 
posterior spinal fusion surgery: a randomized, double-blinded, 
controlled trial. Anesthesiology. 2017;126:822–833.

	22.	 Kharasch ED, Regina KJ, Blood J, Friedel C. Methadone phar-
macogenetics: CYP2B6 polymorphisms determine plasma 
concentrations, clearance, and metabolism. Anesthesiology. 
2015;123:1142–1153.

https://www.apsf.org/article/no-patient-shall-be-harmed-by-opioid-induced-respiratory-depression/
https://www.apsf.org/article/no-patient-shall-be-harmed-by-opioid-induced-respiratory-depression/


Copyright © 2018 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

         

XXX 2018 • Volume XXX • Number XXX	 www.anesthesia-analgesia.org	 9

	23.	 Kharasch ED. Current concepts in methadone metabolism and 
transport. Clin Pharmacol Drug Dev. 2017;6:125–134.

	24.	 Ibrahim AE, Ghoneim MM, Kharasch ED, et al. Speed of recov-
ery and side-effect profile of sevoflurane sedation compared 
with midazolam. Anesthesiology. 2001;94:87–94.

	25.	 Shaheen PE, Walsh D, Lasheen W, Davis MP, Lagman RL. 
Opioid equianalgesic tables: are they all equally dangerous? J 
Pain Symptom Manage. 2009;38:409–417.

	26.	 Sharma A, Tallchief D, Blood J, Kim T, London A, Kharasch ED. 
Perioperative pharmacokinetics of methadone in adolescents. 
Anesthesiology. 2011;115:1153–1161.

	27.	 Callesen T, Bech K, Andersen J, Nielsen R, Roikjaer O, Kehlet H. 
Pain after primary inguinal herniorrhaphy: influence of surgi-
cal technique. J Am Coll Surg. 1999;188:355–359.

	28.	 Ingrande J, Lemmens HJ. Dose adjustment of anaesthetics in 
the morbidly obese. Br J Anaesth. 2010;105(suppl 1):i16–i23.

	29.	 Hall MJ, Schwartzman A, Zhang J, Liu X. Ambulatory surgery 
data from hospitals and ambulatory surgery centers: United 
States, 2010. Natl Health Stat Report. 2017;102:1–15.

	30.	 Weiser TG, Haynes AB, Molina G, et al. Size and distribution of 
the global volume of surgery in 2012. Bull World Health Organ. 
2016;94:201–209F.

	31.	 Gerbershagen HJ, Aduckathil S, van Wijck AJ, Peelen LM, 
Kalkman CJ, Meissner W. Pain intensity on the first day after 
surgery: a prospective cohort study comparing 179 surgical 
procedures. Anesthesiology. 2013;118:934–944.

	32.	 Gerbershagen HJ, Pogatzki-Zahn E, Aduckathil S, et al. 
Procedure-specific risk factor analysis for the development of 
severe postoperative pain. Anesthesiology. 2014;120:1237–1245.

	33.	 Jani SR, Shapiro FE, Gabriel RA, Kordylewski H, Dutton RP, 
Urman RD. A Comparison between office and other ambula-
tory practices: analysis from the National Anesthesia Clinical 
Outcomes Registry. J Healthc Risk Manag. 2016;35:38–47.

	34.	 Dart RC, Surratt HL, Cicero TJ, et al. Trends in opioid anal-
gesic abuse and mortality in the United States. N Engl J Med. 
2015;372:241–248.

	35.	 Compton WM, Jones CM, Baldwin GT. Relationship between 
nonmedical prescription-opioid use and heroin use. N Engl J 
Med. 2016;374:154–163.

	36.	 Macintyre PE, Huxtable CA, Flint SL, Dobbin MD. Costs and 
consequences: a review of discharge opioid prescribing for 
ongoing management of acute pain. Anaesth Intensive Care. 
2014;42:558–574.

	37.	 Hill MV, McMahon ML, Stucke RS, Barth RJ Jr. Wide variation 
and excessive dosage of opioid prescriptions for common gen-
eral surgical procedures. Ann Surg. 2017;265:709–714.

	38.	 Bicket MC, Long JJ, Pronovost PJ, Alexander GC, Wu CL. 
Prescription opioid analgesics commonly unused after surgery: 
a systematic review. JAMA Surg. 2017;152:1066–1071.

	39.	 Rodgers J, Cunningham K, Fitzgerald K, Finnerty E. Opioid 
consumption following outpatient upper extremity surgery. J 
Hand Surg Am. 2012;37:645–650.

	40.	 Dexter F, Penning DH, Traub RD. Statistical analysis by Monte-
Carlo simulation of the impact of administrative and medical 
delays in discharge from the postanesthesia care unit on total 
patient care hours. Anesth Analg. 2001;92:1222–1225.


