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primary focus of research in pain medicine has been
development of strategies that can be used perioper-
atively to reduce acute postoperative pain, minimize opi-
oid consumption, and prevent the transition from acute to
chronic postsurgical pain. The traditional practice of treating
pain only after it has been well established has been replaced
by a “preventive analgesic” approach in which the objective
of therapy is to inhibit the tissue injury-induced afferent bar-
rage of nociceptive signals into the central nervous system,
attenuate the resultant activation of inflammatory and neuro-
chemical cascades, and prevent amplification of acute pain and
development of chronic postsurgical pain.! Preventive anal-
gesia is defined as any antinociceptive intervention used to
block development of sustained pain throughout the periop-
erative period and inhibit central neuronal sensitization.?
Medications that produce preventive analgesia are those for
which analgesic benefits persist beyond their clinical duration
of action (defined as more than 5.5 half lives of the agent).!
A number of medications have been studied as poten-
tial preventive analgesic interventions that may reduce the
risk of chronic postsurgical pain, including gabapentin,’
pregabalin,® ketamine,* steroids,” lidocaine,” clonidine,’
and dexmedetomidine.® An additional potential preventive

ABSTRACT

Background: Methadone is a long-acting opioid that has been reported to
reduce postoperative pain scores and analgesic requirements and may atten-
uate development of chronic postsurgical pain. The aim of this secondary
analysis of two previous trials was to follow up with patients who had received
a single intraoperative dose of either methadone or traditional opioids for com-
plex spine or cardiac surgical procedures.

Methods: Preplanned analyses of long-term outcomes were conducted for
spinal surgery patients randomized to receive 0.2 mg/kg methadone at the
start of surgery or 2mg hydromorphone at surgical closure, and for cardiac 9
surgery patients randomized to receive 0.3 mg/kg methadone or 12 pg/kg §
fentanyl intraoperatively. A pain questionnaire assessing the weekly frequency &
(the primary outcome) and intensity of pain was mailed to subjects 1, 3, 6, and %
12 months after surgery. Ordinal data were compared with the Mann—Whitney 3
U test, and nominal data were compared using the chi-square test or Fisher-‘g
exact probability test. The criterion for rejection of the null hypothesis was
P<0.01.

IIBUDIBA|IS ZESE,

Results: Three months after surgery, patients randomized to receive metha-
done for spine procedures reported the weekly frequency of chronic pain was §
less (median score 0 on a 0 to 4 scale [less than once a week] vs. 3 [daily] in §
the hydromorphone group, P = 0.004). Patients randomized to receive meth-
adone for cardiac surgery reported the frequency of postsurgical pain was g
less at 1 month (median score 0) than it was in patients randomized to receive g
fentanyl (median score 2 [twice per week], P = 0.004).

]

Conclusions: Analgesic benefits of a single dose of intraoperative metha-
done were observed during the first 3 months after spinal surgery (but not at
6 and 12 months), and during the first month after cardiac surgery, when the
intensity and frequency of pain were the greatest.

(AnesTHesloLogy 2020; 132:330-42)

EDITOR’S PERSPECTIVE

What We Already Know about This Topic

e The intraoperative administration of methadone is effective in
reducing postoperative pain

e Preventative analgesic interventions may provide protection against
the development of persistent postoperative pain

What This Article Tells Us That Is New

e Using data from two previously completed trials, it was observed
that a single intraoperative dose of methadone was associated with
fewer episodes of pain during the first month after cardiac surgery
and the first 3 months after spinal surgery

e Fewer spine surgery patients who received methadone intraopera-
tively were receiving opioids 3 months after surgery, suggesting a
possible reduction in chronic opioid use
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analgesic agent is methadone. Methadone is a potent p-opi-
oid receptor agonist with the longest elimination half life
of the clinically used opioids. When administered in larger
doses (at least 20mg), the clinical duration of effect approx-
imates its half life (24 to 36h).’ Patients administered intra-
venous methadone at induction of anesthesia had lower
pain scores and analgesic requirements during the first 72
postoperative hours, compared to subjects given conven-
tional opioids.'™" The intensity of acute postoperative pain
during the first 1 to 3 postoperative days has been reported
to be one of the strongest predictors of the development of
chronic postsurgical pain across a variety of surgical proce-

dures.'*"”

In addition, methadone is a potent N-methyl-
D-aspartate (NMDA) receptor antagonist.'*!” Activation of
the NMDA receptor has been implicated in the develop-
ment of opioid tolerance, hyperalgesia, and chronic post-
surgical pain."**?! Finally, methadone inhibits reuptake of
the neurotransmitters serotonin and norepinephrine in the

brain;*>?

medications like duloxetine that elevate these
neurotransmitters may provide a mood elevation and anal-
gesic effect in the postoperative period.?** Based on these
data, there is a potential role of methadone as a preven-
tive analgesic and an agent that attenuates development of
chronic postsurgical pain.

The purpose of this study was to follow up with patients
who had participated in two clinical trials comparing pain
scores and analgesic requirements in subjects administered
either a single intravenous dose of methadone at induc-
tion of anesthesia or standard intraoperative opioids (hydro-
morphone in spine surgery patients and fentanyl in cardiac
surgical patients).'">® In these studies, pain intensity was
lessened, opioid requirements were reduced, and overall
satisfaction with pain management was enhanced during
the first 72 h after surgery in subjects given methadone.The
aim of the current investigation was to determine whether
these analgesic benefits persisted beyond the hospital dis-
charge date (1, 3, 6, and 12 months postoperatively). We
hypothesized that patients administered methadone would
have fewer episodes of pain per week during the first post-
operative year.

Materials and Methods
Study Population and Perioperative Management

The current study was a follow-up to two randomized,
double-blinded investigations comparing the effect of
intraoperative methadone to traditional opioids on postop-
erative pain scores and analgesic requirements (a second-
ary analysis of two previous trials)."*"* The NorthShore
University HealthSystem Institutional Review Board
(Evanston, Illinois) reviewed and approved the initial and
follow-up clinical investigations, which were registered at
ClinicalTrials.gov (NCT02107339, NCT01542645). All
patients gave their written consent to participate in the fol-
low-up studies.

Methadone and Chronic Pain

In the first clinical trial, patients undergoing posterior spinal
fusion were given either methadone 0.2mg/kg at anesthetic
induction (62 patients) or 2mg of hydromorphone at surgi-
cal closure (53 patients).'? Anesthesia was maintained with 1%
sevoflurane, remifentanil 0.1 pg - kg™ - min™, and a propo-
fol infusion titrated to between 50 and 150 pg - kg™ - min™.
Postoperative pain was managed using hydromorphone via a
patient-controlled analgesia device and oral 10mg hydroco-
done, 325mg acetaminophen tablets. Patients were assessed
for pain (using an 11-point verbal analog scale from 0 = no
pain to 10 = worst pain imaginable at rest, with coughing, and
with movement) and analgesic requirements at postanesthesia
care unit admission, 1 and 2h after postanesthesia care unit
admission, and on the mornings and late afternoons of post-
operative days 1, 2, and 3. In the methadone group, the need
for opioid analgesics was decreased by 60% and pain scores
were reduced by approximately 30 to 40% during the first 72
postoperative hours, compared to patients administered intra-
operative hydromorphone.

In the second clinical trial, patients undergoing fast-track
cardiac surgery with an anticipated short period of postop-
erative ventilation (less than 6 h) were randomized to receive
either 0.3 mg/kg of methadone (77 patients) or 12 pg/kg
of fentanyl (79 patients) before cardiopulmonary bypass."
Intraoperative anesthetic (propofol and rocuronium for
induction, sevoflurane for maintenance) and surgical man-
agement was carefully standardized, as was postoperative
analgesic therapy (intravenous morphine and oral 10mg
hydrocodone, 325 mg acetaminophen tablets). Patients were
assessed for pain and analgesic requirements as in the previ-
ous trial at 2, 4, 8, 12, 24, 48, and 72h postextubation. For
the first 3 postoperative days, total intravenous morphine
requirements were reduced by 43% and pain scores were
decreased by 30 to 40% in patients administered metha-
done, compared to those given fentanyl intraoperatively.

Follow-up Surveys

Patients participating in the two clinical trials were
informed that they would be sent questionnaires after their
surgery and requested to complete and return the ques-
tionnaire within 1 week. A self-addressed, stamped enve-
lope containing the survey questions was mailed 1, 3, 6,
and 12 months after the surgery date, and patients were
contacted by telephone at these times and reminded to
fully answer all of the questions.

Patients were questioned about the frequency of any pain
related to surgery (0 = less than once per week, 1 = once
per week, 2 = twice per week, 3 = daily, 4 = constantly),
which was the primary outcome defined a priori. Patients
were also asked to record levels of pain that were present
at the time the surveys were completed using an 11-point
scale (O = no pain, 10 = worst pain imaginable). For patients
completing the spine surgery study, back pain (incisional)
and leg pain (neuropathic) scores were documented at rest,
with movement, and with coughing. For those completing
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the cardiac study, chest pain (sternal, nonanginal), leg pain

(incisional), and back pain scores at rest, with coughing,
and with movement were recorded. The presence of any
chronic postsurgical pain was determined when the respon-
dents recorded any number greater than 0 on the questions
related to pain listed above.

The requirements for any oral opioid analgesic medi-
cations (yes/no), as well as the frequency of use (0 = none,
1 = less than twice per week, 2 = twice per week or more,
3 = daily) was determined. Patients recorded whether they
had sought the care of a physician to treat pain directly
related to the surgery. Functional impairment due to per-
sistent surgical pain was assessed with two questions using
an 11-point scale: pain interference with sleep (0 = none,
10 = complete) and pain interference with daily activities
(0 = none, 10 = complete).

Statistics

Continuous data were checked for equality of variances;
those data that did not meet the assumption of equal vari-
ances were reduced to ordinal data and are reported and
analyzed as such. Data are reported as mean * SD, median
(interquartile range), or number (percentage) of patients.
Data reported as mean * SD were compared with the
unnpaired f test, data reported as the median (interquartile
range) were compared with the Mann—Whitney U test, and
data reported as the number of patients (%) were compared
using the chi-square test (with Yates correction) unless at
least one expected frequency was less than 5, in which case
the Fisher exact probability test was used. Because there
was no interest in the change in the variables across time,
those primary and secondary outcome data reported as
the median (interquartile range) were compared between
groups at each time using the Mann—Whitney U test, while
those data reported as number of patients (%) were com-
pared using the chi-square test or Fisher exact probability
test. Because of the large number of comparisons, mean dif-
ferences, median differences, and differences in proportions
are reported with their 99% CI.The criterion for rejection
of the null hypothesis was P < 0.01 throughout for the
same reason. All statistical analyses were conducted with
StatsDirect (Cambridge, United Kingdom)

The sample size for this study was not estimated because
it is a follow-up to (secondary analysis of) two published
randomized, double-blinded clinical trials comparing the
effect of intraoperative methadone to traditional opioids on
postoperative pain scores and analgesic requirements.

Results

Complex Spinal Surgical Patients

For patients enrolled in the spinal surgery clinical trial,
questionnaires were returned from 75 (65%), 66 (57%),

74 (64%), and 66 (57%) subjects at 1, 3, 6, and 12 months,
respectively (fig. 1). Among the respondents, there were no
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differences between the methadone and hydromorphone
(control) groups in sex, weight, height, American Society
of Anesthesiologists physical status classification, or preop-
erative level of pain at rest (data are presented in table 1 for
patients responding 3 months after their operation).

The two groups differed in the frequency of postsurgical
pain at 3 months (primary outcome), with the patients in
the methadone group reporting a median frequency score
of less than once a week (interquartile range less than once
a week to daily) and those in the hydromorphone group
reporting a median frequency score of daily (interquartile
range once a week to daily, P = 0.004; fig. 2 and table 2).

Pain scores (median [interquartile range| on an 11-point
scale, with 0 = no pain and 10 = worst pain imaginable)
at rest, with coughing, and with movement 1, 3, 6, and 12
months after surgery are presented in table 3. Patients in the
methadone group reported that back pain with movement
was less at 1 month (2 [1 to 4] vs. 4.5 [3 to 6] in the hydro-
morphone group, median difference [99% CI]| 2 [0 to 4],
P = 0.002) and at 3 months (0 [0 to 2] vs. 3 [1 to 4] in the
hydromorphone group, median diftference [99% CI] 1 [0
to 3], P = 0.006). Similarly, back pain scores with cough-
ing were lower in the methadone group at 3 months (0
[0 to 1]) compared to the hydromorphone group (2 [0
to 4], median difference [99% CI] 1 [0 to 3], P = 0.001).
Although reported back pain scores at rest were lower in
the methadone patients at 1 through 6 months, these differ-
ences were not statistically significant (P = 0.03 to 0.086).
Leg pain scores at rest, with coughing, and with movement
did not significantly differ between the study groups at any
assessment time, with the exception of leg pain with cough-
ing at 6 months (median difference [99% CI] 0 [0 to 0], P =
0.008), a difference that is likely to be clinically insignificant
and possibly due to outliers in the hydromorphone group
at that time.

Further data on analgesic requirements and postopera-
tive pain are presented in table 2. The percentage of spinal
surgical patients requiring any opioid analgesic medica-
tions was lower in the methadone group at the 3-month
assessment (10% of the methadone patients vs. 41% of the
hydromorphone patients, percent difference [99% CI] 30%
[3 to 57%], P = 0.009). The two study cohorts did not dif-
fer in pain interference with sleep or daily activities on an
11-point scale (O = none, 10 = complete), with the excep-
tion of sleep at 3 months (0 [0 to 1] methadone group, 2 [0
to 3] hydromorphone group, median difference [99% CI] 1
[0 to 3], P = 0.007).

Cardiac Surgical Patients

The number of patients responding to the cardiac surgical
study were 104 (67%), 100 (64%), 83 (53%), and 65 (42%)
at 1, 3, 6, and 12 months, respectively (fig. 3). No signifi-
cant differences were observed between the respondents in
the methadone and fentanyl (control) groups in sex, age,
height, weight, or type of cardiac surgical procedure (data
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Allocated to Methadone N =63
e Received Methadone N =62

e Did not receive Methadone N =1

v

Analyzed to Postop Day 3 N =62

—

Lost to Follow-Up

Lost to Follow-Up
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4 JV JV v

Patients with complete data for all
follow-ups N =15 (28%)
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two follow-ups N = 25 (47%)

N = 14 (26%) N= 9 (15%) y
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Follow-up Follow-up
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follow-ups N =20 (32%)
Patients with complete data for first
two follow-ups N = 30 (48%)

Fig. 1. Patient flow diagram for the randomized controlled trial of methadone and hydromorphone in patients undergoing complex spine
surgery. The diagram represents both the original randomized controlled trial and the preplanned long-term follow-up study. The diagram
identifies the number of patients completely lost to long-term follow-up, the number of patients who reported the weekly frequency of pain
(the primary outcome) at each of the four long-term follow-up times (i.e., at 1 month, 3 months, 6 months, and 1 yr after the operation), and
the number of patients from whom responses were obtained at both 1 month and 3 months as well as at all four follow-up times.

are presented in table 4 for patients responding 1 month
after their operation).

Overall pain scores in the cardiac surgical patients were
lower than those reported in the complex spinal surgical
cohort. The two cardiac groups differed in the frequency of
postsurgical pain at 1 month (primary outcome), with the

patients in the methadone group reporting a median fre-
quency score of less than once a week (interquartile range
less than once a week to twice per week) and those in the
fentanyl group reporting a median frequency score of twice
per week (interquartile range less than once a week to daily,
median difference [99% CI| 1 [0 to 1], P = 0.004; fig. 4 and
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Table 1. Characteristics of Patients Receiving Hydromorphone or Methadone Intraoperatively during Spine Surgery Responding
3 Months after Their Operation

Hydromorphone Methadone Difference (99% CI) P Value

N 27 39 —_ —_
Sex, female/male 15 (56%)/12 (44%) 20 (53%)/18 (47%) 8% (—23 to 37%) 0.272*
Age, yr 58 +13 65+10 7(-15100) 0.013
Weight, kg 77+20 82+19 —6(-1810 8) 0.329
Height, cm 168 + 10 170 10 -2(-91t05) 0.401
American Society of Anesthesiologists Physical Status classification Il (Il'to 1) 11 (Il to 1) 0(0to0) 0.260
Preoperative level of pain at rest 3(2t06) 3(1t06) 0(-2t02) 0.692

Data are mean + SD, median (interquartile range), or number (percentage) of patients. A difference (99% Cl) is the difference between percentages (risk), the difference between

medians, or the difference between means and the 99% Cl for that difference. Level of pain was scored on a 0 to 10 scale: 0 = no pain to 10 = worst pain imaginable.

*These data were tested by the chi-square test.

table 5). However, the frequency of postoperative pain was
low thereafter (less than once per week) in both cohorts
and not significantly different.

Chest pain scores at rest, with coughing, and with move-
ment were low at all assessments in both groups; although

1 Hydromorphone 1 Methadone

P=0.030 P=0.004 P=0.024
4 m

P =0.023

Frequency of Postsurgical Pain
N

M nn M O L O P 1O
g g g

1 Month 3 Months 6 Months 12 Months

Fig. 2. Box plots of the frequency of postsurgical pain in
patients randomly assigned to receive perioperative hydromor-
phone (gray boxes) or methadone (plain boxes) perioperatively
1 month, 3 months, 6 months, and 12 months after complex
spine surgery. The frequency of any pain related to surgery was
measured using an ordinal scale, with 0 = less than once per
week, 1 = once per week, 2 = twice per week, 3 = daily, and
4 = constantly. Horizontal lines with black diamonds in their cen-
ter across the boxes represent medians; lower and upper edges
of the boxes represent the first and third quartiles; whiskers
indicate the data range. The frequencies of postsurgical pain
were compared between groups at the various times using the
Mann-Whitney U test. The resulting Pvalues are indicated above
the data used in the analyses. The criterion for rejection of the
null hypothesis was P < 0.01. Sample sizes range from 34 and
41 in the hydromorphone and methadone groups, respectively, at
1 month, to 26 and 40, respectively, at 12 months.

Anesthesiology 2020; 132:330-42

the reported pain intensities were statistically lower at 1
month in the methadone cohort compared to the fentanyl
cohort (all scores P < 0.0001; table 6), these differences are
likely to be clinically insignificant and possibly due to out-
liers in the fentanyl group at that time. Similarly, leg pain
scores were minimal in both groups at rest, with cough-
ing, and with movement during the first postoperative year,
and were statistically significantly but likely to be not clini-
cally significantly less at 3 months at rest in the methadone
group (P = 0.004). No differences in back pain scores were
reported by respondents.

Although fewer patients in the methadone group
required postoperative opioid medications, the overall
number of cardiac surgical patients needing analgesics by
3 months was small, and no differences between respon-
dent groups were observed at any time (table 5). Similarly,
by 3 months, few patients reported pain interference with
sleep or daily activity in either cohort, and no differences
between groups were observed during the first postopera-
tive year.

Discussion

In the current study, the potential preventive analgesic
effects of a single intraoperative dose of methadone in
patients undergoing complex spine surgery and cardiac sur-
gical procedures were examined in a 1-yr postal follow-up.
Respondents who underwent spine surgery and received
intraoperative methadone reported fewer episodes of pain
per week 3 months after surgery than those given hydro-
morphone. In addition, patients given methadone noted a
lower intensity of back pain 1 and 3 months after the surgi-
cal procedure, as well as a decreased need for opioid analge-
sic medications at 3 months. In subjects undergoing cardiac
surgery, the frequency of episodes of pain per week at 1
month was less in patients given intraoperative methadone
than in those administered fentanyl. These data suggest the
use of methadone as a preventive analgesic medication may
attenuate development of chronic postsurgical pain.
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Table 2. Occurrence and Frequency of Postsurgical Pain, Analgesic Medication Requirement and Frequency, and Pain Interference with
Sleep and Daily Activities in Patients Receiving Hydromorphone or Methadone Intraoperatively during Spinal Surgery

Hydromorphone Methadone Difference (99% Cl) PValue

Any chronic postsurgical pain (yes/no)

1 Month 31/34 (91%) 32/41 (78%) 13% (-10 to 35%) 0.220|||

3 Months 22/26 (85%) 19/38 (50%) 35% (3 to 59%) 0.010]||

6 Months 20/32 (63%) 16/42 (38%) 24% (- 6 to 51%) 0.065]|||

12 Months 16/26 (62%) 16/40 (40%) 22% (11 to 50%) 0.145]|]|
Postsurgical pain (0 < once a week, 1 = once per week, 2 = twice per week, 3 = daily, 4 = constant)

1 Month 3(3to3)* 2(1t03)t 0(0to1) 0.030

3 Months 3(1t03)f 0(0to3)§ 1(0t02) 0.004

6 Months 2(0to 3)]| 0(0to 3)# 0(0to2) 0.024

12 Months 2 (0to 3)** 0(0to2)tt 10t02) 0.023
Analgesic medication requirement (yes/no)

1 Month 23/34 (68%) 21/41 (51%) 16% (—13 to 43%) 0.229]|]|

3 Months 11/27 (41%) 4/39 (10%) 30% (3 to 57%) 0.009]|]|

6 Months 10/32 (31%) 6/42 (14%) 17% (-8 to 43%) 0.1414|])

12 Months 3/26 (12%) 3/40 (8%) 4% (-16 to 30%) 0.673##
Analgesic medication frequency (0 = none 1 < twice per week, 2 > twice per week, 3 = daily)

1 Month 3(0to 3)* 1(0to3)t 0(0to3) 0.035

3 Months 0(0to3)f 0(0to 0)tf 0(0to3) 0.011

6 Months 0(0to2.5) 0(0to0)f 0(0to0) 0.157

12 Months 0(0to 0)§8 0(0to 0)ft 0(0to0) 0.804
Pain interference with sleep (0 = none to 10 = complete)

1 Month 3.5(2to 5)* 2 (0to 4)t 1(0t03) 0.058

3 Months 2(0to3)t 0(0to1)§ 1(0t03) 0.007

6 Months 0(0to2) 0(0to 1)# 00to1) 0.304

12 Months 0(0to1)* 0(0to 1)t 0(0to0) 0.857
Pain interference with daily activities (0 = none to 10 = complete)

1 Month 4 (210 6)* 3(1to 5t 1(-1t02) 0.205

3 Months 2(1to5)t 0(0to3)§ 1(0t02) 0.010

6 Months 1.5(0to 4)|| 0(0to 3)# 0(0to2) 0.279

12 Months 1(0 to 4)* 0(0to 2.5t 0(0to2) 0.408
Saw doctor for pain (yes/no)

1 Month 8/34 (24%) 5/41 (12%) 11% (12 to 35%) 0.325]|]|

3 Months 5/27 (19%) 4/39 (10%) 8% (-15 to 35%) 0.469##

6 Months 6/32 (19%) 6/42 (14%) 4% (-18 to 30%) 0.843]|||

12 Months 4/26 (15%) 10/40 (25%) —10% (-34 to 19%) 0.532]|]|

Data are median (interquartile range) or number (percentage) of patients. Data reported as median (interquartile range) were compared using the Mann-Whitney U test, while data
reported as number of patients (%) were compared using the chi-square test (with Yates correction) unless at least one expected frequency was less than 5, in which case the Fisher
exact probability test was used. A difference (99% Cl) is either the difference between percentages (risk) or between medians and the 99% Cl for that difference.

*N =34 1N =41.1N =27. §N = 39. ||N = 32. #N = 42. **N = 26. 11N = 40. +3N = 38. §§N = 24. || || These data were tested by the chi-square test. ##These data were tested by

the Fisher exact test.

Despite application of analgesic strategies designed to
enhance postoperative recovery, more than half of patients
experience moderate to severe pain, even after relatively
“minor” surgical procedures.*** Ten to sixty percent of
patients with high pain scores during the first 1 to 3 days after
surgery will go on to develop chronic postsurgical pain.?
Chronic postsurgical pain is “pain persisting at least 3 months
after surgery, that was not present before surgery, or that had
different characteristics or increased intensity from preoper-
ative pain, localized to the surgical site or referred area, and
other possible causes of the pain were excluded.”” High
postoperative pain intensity is one of the strongest predictors
for the development of chronic postsurgical pain,'*'*2*" and
a 10% increase in the percentage of time in severe pain on
the first postoperative day was associated with a 30% increase
in the incidence of chronic postsurgical pain at 12 months."”

Methadone is a unique opioid with a long half life that
provides prolonged stable blood concentrations after a sin-
gle intraoperative dose, without the fluctuations associated
with repeated injections of higher clearance opioids like
morphine or hydromorphone. Randomized clinical trials in
patients undergoing complex spinal,'®"? cardiac,'**' gyne-
cologic,” pediatric,'" and general surgical procedures™*
have documented that patients administered methadone
had lower pain scores and analgesic requirements during
the first 1 to 3 postoperative days compared to subjects
administered traditional, shorter-acting opioids. However,
only one investigation examined the potential preventive
analgesic effects of perioperative methadone. Komen et al.
randomized 60 ambulatory surgery patients to methadone
or control groups (fentanyl, hydromorphone).* During the
month after discharge, patients given methadone 0.15 mg/kg
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Table 3. Back Pain and Leg Pain at Rest, with Coughing, and with Movement at 1 Month, 3 Months, 6 Months, and 12 Months in
Patients Receiving Hydromorphone or Methadone Intraoperatively during Spine Surgery

Hydromorphone Methadone Median Difference (99% Cl) PValue
Back pain at rest
1 Month 3(1to 4y 1(0to3)t 1(0to3) 0.030
3 Months 1(0to3)t 0(0to2)§ 0(0to1) 0.086
6 Months 0.5 (0t0 3.5)|| 0(0to 1)t 0(0t02) 0.065
12 Months 0(0to 1)# 0(0to1)=* 0(0to 0) 0.801
Back pain with coughing
1 Month 3.5(1to0 5)* 1(0to3)t 2(0t03) 0.015
3 Months 2(0to 4t 0(0to1)§ 1(0t03) 0.001
6 Months 1(0to 3.5)| 0(0to1)f 0(0t02) 0.035
12 Months 0(0to1)# 0(0to1)* 0(0to0) 0.726
Back pain with movement
1 Month 4.5 (310 6)* 2(1to4)t 2(0to4) 0.002
3 Months 3(1to4)f 0(0to2)§ 1(0to3) 0.006
6 Months 25(0to4.5) 0(0to3)* 1(0to3) 0.030
12 Months 2 (0to 5)# 0(0to 2.5 1(0to3) 0.033
Leg pain at rest
1 Month 0(0to3)* 0(0to2)f 0(0to1) 0.292
3 Months 0(0to0)f 0(0to0)§ 0(0to0) 0.552
6 Months 0(0to 0)f 0(0to 0)ft 0(0to0) 0.606
12 Months 0(0to O)# 0(0to1)* 0(0to0) 0.277
Leg pain with coughing
1 Month 0(0to2* 0(0to0)f 0(0to1) 0.031
3 Months 0(0to0)f 0(0to0)§ 0(0to0) 0.550
6 Months 0(0t00.5) 0(0to 0)ft 0(0to0) 0.008
12 Months 0(0to O)# 0(0to 0)** 0(0to0) 0.881
Leg pain with movement
1 Month 2 (0to 4 0(0to2)t 0(0t02) 0.065
3 Months 1(0to3)t 0(0to1)§ 0(0t02) 0.028
6 Months 0(0to2.5)| 0(0to 0)ft 0(0to1) 0.016
12 Months 0.5 (0 to 6)# 0(0to 1.5 0(0t03) 0.058

Data are reported as median (interquartile range) and were compared using the Mann-Whitney U test. A median difference (99% Cl) is the difference between medians and the

99% Cl for that difference.
*N=234.tN=41.3N=27.§N =39. |IN = 32. #N = 26. **N = 40. 1N = 42

reported less pain at rest and used 50% fewer opioid pills
than the control group. However, patients were not fol-
lowed beyond 1 month to determine if a more prolonged
analgesic effect was observed.

The highest incidence of chronic postsurgical pain has
been reported in patients undergoing complex spine surgery,
with 55 to 60% of patients reporting pain at 1 yr'’ (which
is comparable to the 62% observed in the hydromorphone
group in our study). A number of factors may contribute
to development of chronic postsurgical pain in this patient
population, including high levels of preoperative and post-
operative pain and opioid use, as well as the complexity of
the operative procedure.'
tive analgesic effect was observed in subjects given meth-

In the current study, a preven-

adone, particularly during the first 3 postoperative months
when higher pain scores were reported. At 3 months, spinal
patients administered methadone reported a lower frequency
of weekly pain, reduced back pain scores with coughing and
movement, and less pain interference with sleep, and opi-
oid pain medications were needed less often. However, by
6 and 12 months after surgery, pain intensity had decreased

Anesthesiology 2020; 132:330-42

in both study cohorts, and respondents reported no statisti-
cally significant differences in the frequency of weekly pain,
pain scores, need for analgesic medications, or pain interfer-
ence with sleep or daily activities. These findings suggest the
analgesic benefits of intraoperative methadone are observed
during the first 3 postoperative months when the intensity
and frequency of pain are greatest.

Previous investigations have reported that chronic postsur-
gical pain is common in patients undergoing cardiac surgical
procedures (35 to 40% at 3 months, 10 to 27% at 1 yr),'”*¥7
although the intensity and incidence is lower than in those
undergoing complex spine surgery.'” Potential mechanisms
involved in the genesis of chronic postsurgical pain in this
patient population include musculoskeletal trauma during
sternal retraction, entrapment neuropathy, nerve damage
during internal mammary artery dissection, or pain sec-

ondary to sternal wires or cautery use.””

In our follow-up
study of patients randomized to receive either methadone or
fentanyl for cardiac surgery, the primary analgesic benefits of
methadone were observed at the first postoperative month

(the time period when the weekly frequency of pain was
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Fig. 3. Patient flow diagram for the randomized controlled trial of methadone and fentanyl in patients undergoing complex spine surgery.
The diagram represents both the original randomized controlled trial and the preplanned long-term follow-up study. The diagram identifies
the number of patients completely lost to long-term follow-up, the number of patients who reported the weekly frequency of pain (the primary
outcome) at each of the four long-term follow-up times (i.e., at 1 month, 3 months, 6 months, and 1 yr after the operation), and the number
of patients from whom responses were obtained at both 1 month and 3 months as well as at all four follow-up times.

significantly lower in the methadone cohort compared to
the fentanyl cohort). However, respondents noted no differ-
ences in pain 3, 6, or 12 months after surgery. Given the low
median pain scores reported by respondents over the first
postoperative year, it is not unexpected that significant dif-
ferences were not observed between groups beyond month

1. Although a preventive analgesic effect of methadone was
observed in this patient population at the first postoperative
month, a significant effect of methadone on chronic postsur-
gical pain (“pain persisting at least 3 months after surgery”)
was not documented by respondents. These findings suggest
the long-term analgesic benefits of methadone may be more
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Table 4. Characteristics of Patients Receiving Fentanyl or Methadone Intraoperatively during Cardiac Surgery Responding 1 Month

after Their Operation
Fentanyl Methadone Difference (99% Cl) PValue

N 58 46 — —
Sex, female/male 14 (24%)/44 (76%) 14(30%)/32 (70%) —8% (-35 to 19%) 0.620*
Age, yr 67 +12 67 =11 0(-61t06) 0.950
Weight, kg 85+ 23 88 +18 -3(-131t08) 0.520
Height, cm 173 (165 to 180) 173 (165 to 178) 0(-5t05) 0.901
Operation — 0.447t

Coronary artery bypass graft 25 (43%) 17 (37%)

Valve 25 (43%) 26 (56%)

Coronary artery bypass graft and valve 6 (11%) 3 (7%)

Atrial septal defect 2 (3%) 0 (0%)

Data are mean = S.D., median (interquartile range) or a number (percentage) of patients. A Difference (99% Cl) is the difference between percentages (risk), the difference between

medians, or the difference between means and the 99% Cl for that difference.

*“These data were tested by the chi-square test. tThese data were tested by the Fisher—Freeman—Halton exact test.

pronounced in patient populations with an expected higher
risk of chronic postsurgical pain.

In the control groups, the choice of opioid, dose of
opioid, and timing of administration could affect the find-
ings of the current investigation. In the initial studies, the
type and doses of opioid selected for use in the control
groups (hydromorphone in the spine study and fentanyl in
the cardiac study) reflected the standard clinical practices
at NorthShore University HealthSystem. Previous publi-
cations have also suggested that doses of methadone and
hydromorphone*
in the studies were approximately equipotent, although the
pharmacokinetics of the three opioids differ significantly.

and methadone and fentanyl*'** used

Additionally, in the initial study in patients undergoing spine
surgery, methadone was administered at anesthetic induc-
tion, whereas hydromorphone was given at surgical closure.
Although dosing both opioids at the start or conclusion of
surgery would have removed the confounding variable of
the time of opioid administration, use of hydromorphone
at induction could result in inadequate postoperative pain
relief (due to the short [2 h] half life of the drug),” whereas
administration of methadone at the end of surgery could
induce postoperative respiratory depression.’

There are several limitations to the study. First, a
number of patients were lost to follow-up. It is possi-
ble that selection bias occurred (i.e., patients with more
severe pain did not return questionnaires), but we had
no information about the patients who did not respond.
Second, the study may have been underpowered to
detect differences in some outcome measures, as the
initial investigations were powered to examine differ-
ences in analgesic requirements between methadone
and control groups, not longer-term pain scores or opi-
oid use. Third, the mechanism(s) by which methadone
induced a preventive analgesic effect (via a reduction in
acute postoperative pain, a decrease in opioid use and
resultant tolerance and hyperalgesia, NMDA receptor

Anesthesiology 2020; 132:330-42
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antagonism, or some combination of these processes)
were not determined in this investigation. Several studies
(although not all) have documented that the intravenous
use of ketamine, another potent NMDA antagonist, can
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Fig. 4. Box plots of the frequency of postsurgical pain in patients
randomly assigned to receive perioperative fentanyl (gray boxes)
or methadone (plain boxes) perioperatively 1 month, 3 months, 6
months, and 12 months after cardiac surgery. The frequency of
any pain related to surgery was measured using an ordinal scale,
with 0 = less than once per week, 1 = once per week, 2 = twice
per week, 3 = daily, and 4 = constantly. Horizontal lines with black
diamonds at their center across the boxes represent medians;
lower and upper edges of the boxes represent the first and third
quartiles; whiskers indicate the data range. The frequencies of
postsurgical pain were compared between groups at the various
times using the Mann-Whitney U test. The resulting P values are
indicated above the data used in the analyses. The criterion for
rejection of the null hypothesis was P < 0.01. Sample sizes range
from 58 and 46 in the fentanyl and methadone groups, respec-
tively, at 1 month, to 34 and 31, respectively, at 12 months.
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Table 5. Occurrence and Frequency of Postsurgical Pain, Analgesic Medication Requirement and Frequency, and Pain Interference with
Sleep and Daily Activities in Patients Receiving Fentanyl or Methadone Intraoperatively during Cardiac Surgery

Fentanyl Methadone Difference (99% Cl) PValue

Any chronic postsurgical pain (yes/no)

1 Month 39/58 (67%) 20/46 (43%) 24% (-2 to 46%) 0.026]|||

3 Months 27/54 (50%) 15/46 (33%) 17% (-8 to 41%) 0.120|||

6 Months 11/41 (27%) 12/42 (29%) — 2% (-27 t0 24%) > 0.999||||

12 Months 2/33 (6%) 3/32 (9%) — 3% (-26 to 18%) 0.6724##
Postsurgical pain (0 < once a week, 1 = once per week, 2 = twice per week, 3 = daily, 4 = constant)

1 Month 2(0to 3)* 0(0to2)t 1(0to1) 0.004

3 Months 0.5(0t0 3)f 0(0to2)t 0(0to1) 0.038

6 Months 0(0to1)§ 0(0to 1) 0(0to0) 0.982

12 Months 0(0to O)# 0(0to0)*™ 0(0to0) 0.911
Analgesic medication requirement (yes/no)

1 Month 22/58 (38%) 11/46 (24%) 14% (10 to 36%) 0.189|1l

3 Months 6/55 (11%) 4/46 (9%) 2% (-16 to 19%) 0.7524#H#

6 Months 2/39 (5%) 0/42 (0%) 5% (-9 to 22%) 0.2294##

12 Months 0/34 (0%) 0/31 (0%) 0% (-18 to 16%) > 0.999##
Analgesic medication frequency (0 = None, 1 < twice per week, 2 > twice per week, 3 = daily)

1 Month 0(0to3)* 0(0toO)f 0(0to0) 0.074

3 Months 0(0to O)tt 0(0toO)f 0(0to0) 0.319

6 Months 0(0to 0)§ 0(0to 0)ft 0(0to0) 0.469

12 Months 0(0to O)# 0(0to 0)§8 0(0to0) >0.999
Pain interference with sleep (0 = none to 10 = complete)

1 Month 2(0to 3)* 1(0to2)t 1(0to2) 0.024

3 Months 0(0to2)f 0(0to 1)t 0(0to1) 0.089

6 Months 0(0to 0)§ 0(0to 0)f 0(0to0) 0.341

12 Months 0(0to O)# 0(0to0)*™ 0(0to0) 0.410
Pain interference with daily activities (0 = none to 10 = complete)

1 Month 2 (0to 4)* 0(0to2)t 1(0to2) 0.018

3 Months 0(0to2)f 0(0to )t 0(0to0) 0.178

6 Months 0(0to 0)§ 0(0to 0)f 0(0to0) 0.684

12 Months 0(0to O)# 0(0to0)*™ 0(0to0) 0.976
Saw doctor for pain (Yes/No)

1 Month 3/58 (5%) 2/46 (4%) 1% (-15 to 15%) > 0.9994##

3 Months 9/54 (17%) 3/46 (7%) 10% (-8 to 28%) 0.213|||

6 Months 3/39 (8%) 1/42 (2%) 5% (-11 to 24%) 0.3474##

12 Months 2/34 (6%) 0/31 (0%) 6% (-13 to 25%) 0.493##

Data are median (interquartile range) or number (percentage) of patients. Data reported as median (interquartile range) were compared using the Mann-Whitney U test while data
reported as number of patients (%) were compared using the chi-square test (with Yates correction) unless at least one expected frequency was less than 5, in which case the Fisher
exact probability test was used. A difference (99% Cl) is either the difference between percentages (risk) or between medians and the 99% Cl for that difference.

*N = 58. N = 46. tN = 54. §N = 39. ||N = 42. #N = 34. **N = 31. 1N = 53. 11N = 41. §§N = 32. |||| These data were tested by the chi-square test. ##These data were tested by

Murphy et al.

the Fisher exact test.

reduce development of chronic postsurgical pain 3 and 6
months after surgery.* Fourth, it has been recommended
that health-related quality of life outcomes should be
measured in chronic postsurgical pain trials using val-
idated tools to examine physical (Multidimensional
Pain Inventory Interference Scale, Brief Pain Inventory
Interference Scale) and emotional (Beck Depression
Inventory, Profile of Mood States) functioning.* In our
study, patients were questioned about only two func-
tional outcomes (pain interference with sleep and daily
activities on a 0 to 10 scale, 0 = none, 10 = complete).
The findings of this study may have been strengthened
if validated tools to measure functional impairment from
chronic postsurgical pain had been utilized. Similarly,
the use of a 5-point ordinal scale to assess the primary
outcome measure may not have been ideal, given the

relatively small cohorts. Finally, the effect of methadone
on chronic pain was only examined in patients undergo-
ing major surgical procedures. The role of this long-act-
ing agent in patients undergoing less painful procedures,
particularly in conjunction with other opioid-sparing
drugs, requires further investigation.

Initiation of opioid therapy for acute postoperative pain
often leads to continued use for months to years after hospital
discharge. Therefore, clinicians are faced with the challenge
of optimizing pain management during hospitalization while
simultaneously reducing pain and opioid use during the first
months after surgery. We observed that patients undergoing
spine surgery randomized to receive methadone had less pain
during the first 3 postoperative months, and fewer subjects in
this group required opioid analgesics at 3 months. In addi-
tion, cardiac surgical patients given a single intraoperative
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Table 6. Chest Pain, Leg Pain, and Back Pain at Rest, with Coughing, and with Movement at 1 Month, 3 Months, 6 Months, and 12
Months in Patients Receiving Fentanyl or Methadone Intraoperatively during Cardiac Surgery

Fentanyl Methadone Median Difference (99% Cl) PValue
Chest pain at rest
1 Month 0(0to2)* 0(0to0 0(0to1) < 0.0001
3 Months 0(0to1)f 0(O0to1 0(0to0) 0.678
6 Months 0(0to 0)§ 0(0to0 0(0to0) 0.465
12 Months 0(0to O)# 0(0to0)* 0(0to0) 0.389
Chest pain with coughing
1 Month 0(0to3)tt 0(0to0 0(0to2) < 0.0001
3 Months 1(0to4)t 1(0to2 0(-1to1) 0.623
6 Months 0(0to1)ft 0@O0to1 0(-1to1) 0.181
12 Months 0(0to1)# 0(0to 0)§8§ 0(0to0) 0.413
Chest pain with movement
1 Month 0(0to3)* 0(0to0)f 0(0to2) < 0.0001
3 Months 0(0to2)f 0(0to2 0(0to0) 0.645
6 Months 0(0to1)ft 0(0to1)]l 0(0to0) 0.521
12 Months 0(0to O)# 0(0to 0)§§ 0(0to0) 0.422
Leg pain at rest
1 Month 0(0to1)* 0(0to0)f 0(0to0) 0.041
3 Months 0(0to2)f 0(0to0)f 0(0to1) 0.004
6 Months 0(0to 0)§ 0(0to0)f 0(0to0) 0.559
12 Months 0(0to 0)[l]l 0(0to 0)§§ 0(0to0) 0.939
Leg pain with coughing
1 Month 0(0to1)* 0(0to0)f 0(0to0) 0.037
3 Months 0(0to0)f 0(0to0)f 0(0to0) 0.081
6 Months 0(0to0)§ 0(0to0)f 0(0to0) 0.971
12 Months 0(0to0)||]l 0(0to 0)§8 0(0to0) 0.826
Leg pain with movement
1 Month 0(0to1)* 0(0to0)f 0(0to0) 0.032
3 Months 0(0to Nt 0(0to0)t 0(0to0) 0.036
6 Months 0(0to0)§ 0(0to0) 0(0to0) 0.491
12 Months 0(0to0)||]l 0(0to 0)§8 0(0to0) 0.820
Back pain at rest
1 Month 0(0to2)* 0(0to0)f 0(0to0) 0.062
3 Months 0(0to0)t 0(0to0)f 0(0to0) 0.402
6 Months 0(0to 0)ft 0(0to0) 0(0to0) 0.479
12 Months 0(0to0)||]l 0(0to 0)§8 0(0to0) 0.766
Back pain with coughing
1 Month 0(0to2)* 0(0to1 0(0to0) 0.540
3 Months 0(0to 0O)f 0(0to0 0(0to0) 0.597
6 Months 0(0to 0)ft 0(0to0 0(0to0) 0.135
12 Months 0(0to0)[|l 0(0to 0)§§ 0(0to0) 0.905
Back pain with movement
1 Month 0(0to2)* 0(O0to1 0(0to0) 0.268
3 Months 0(0to 1)t 0(0to0 0(0to0) 0.395
6 Months 0(0to 0)ft 0(0to0 0(0to0) 0.646
12 Months 0(0to 0)]|l 0(0to 0)§§ 0(0to0) 0.282

Data are reported as median (interquartile range) and were compared using the Mann—Whitney U test. A median difference (99% Cl) is the difference between medians and the 99%

Cl for that difference.

*N =58. N = 46. N = 55. §N = 38. [N = 42. #N = 35. **N = 31. N = 57. 1N = 39. §§N =30. || [N = 34.

dose of methadone reported a lower frequency of weekly
pain 1 month after the procedure. These findings suggest that
a single intraoperative dose of methadone may provide anal-
gesic benefits that persist when the intensity and frequency
of pain are the greatest after hospital discharge.

Research Support

Supported by the Department of Anesthesiology,
NorthShore University HealthSystem, Evanston, Illinois.

340 Anesthesiology 2020; 132:330-42

Competing Interests

Dr. Murphy has served as a speaker for Merck (Kenilworth,
New Jersey). Dr. Avram is the Assistant Editor-in-Chief of
ANESTHESIOLOGY. The other authors declare no competing
interests.

Reproducible Science

Full protocol available at: dgmurphy2@yahoo.com. Raw
data available at: dgmurphy2@yahoo.com.

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

Murphy et al.

¥202 UdJel €1 uo 1senb Aq ypd'02000-0 00200202/1 8291 S/0€E/Z/ZE L/4Pd-a1o1E/ABO|0ISBUISBUE/WOD JIBYIIBA|IS ZESE//:d)Y WO papeojumoq


mailto:dgmurphy2@yahoo.com
mailto:dgmurphy2@yahoo.com

Correspondence

Address correspondence to Dr. Murphy: NorthShore
University HealthSystem, Department of Anesthesiology,
2650 Ridge Avenue, Evanston, Illinois 60201. dgmurphy?2
@yahoo.com.This article may be accessed for personal use at
no charge through the Journal Web site, www.anesthesiology.

org.

References

1.

10.

11.

12.

Murphy et al.

Katz J, Clarke H, Seltzer Z: Review article: Preventive
analgesia:  Quo Anesth  Analg 2011;
113:1242-53

Katz J, Cohen L: Preventive analgesia is associ-
ated with reduced pain disability 3 weeks but not 6
months after major gynecologic surgery by laparotomy.
ANESTHESIOLOGY 2004; 101:169-74

Clarke H, Bonin RP, Orser BA, Englesakis M,
‘Wijeysundera DN, Katz J: The prevention of chronic
postsurgical pain using gabapentin and pregabalin: A
combined systematic review and meta-analysis. Anesth
Analg 2012; 115:428-42

Laskowski K, Stirling A, McKay WP, Lim HJ: A system-
atic review of intravenous ketamine for postoperative
analgesia. Can J Anaesth 2011;58:911-23
Romundstad L, Stubhaug A: Glucocorticoids for acute
and persistent postoperative neuropathic pain: What 1s
the evidence? ANESTHESIOLOGY 2007; 107:371-3
Chang YC, Liu CL, Liu TP, Yang PS, Chen MJ, Cheng
SP: Effect of perioperative intravenous lidocaine infu-

vadimus?

sion on acute and chronic pain after breast surgery:
A meta-analysis of randomized controlled trials. Pain
Pract 2017; 17:336—43

De Kock M, Lavand’homme P, Waterloos H: The
short-lasting analgesia and long-term antihyper-
algesic effect of intrathecal clonidine in patients
undergoing colonic surgery. Anesth Analg 2005;
101:566-72

Jain G, Bansal P, Ahmad B, Singh DK, Yadav G: Effect
of the perioperative infusion of dexmedetomidine on
chronic pain after breast surgery. Indian J Palliat Care
2012; 18:45-51

Kharasch ED: Intraoperative methadone: Rediscovery,
reappraisal, and reinvigoration? Anesth Analg 2011;
112:13-6

Gottschalk A, Durieux ME, Nemergut EC:
Intraoperative methadone improves postoperative pain
control in patients undergoing complex spine surgery.
Anesth Analg 2011; 112:218-23

Berde CB, Beyer JE, Bournaki MC, Levin CR, Sethna
NF: Comparison of morphine and methadone for pre-
vention of postoperative pain in 3- to 7-year-old chil-
dren. J Pediatr 1991; 119:136—41

Murphy GS, Szokol JW, Avram M], Greenberg SB,
Marymont JH, Shear T, Parikh KN, Patel SS, Gupta DK:

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Methadone and Chronic Pain

Intraoperative methadone for the prevention of post-
operative pain: A randomized, double-blinded clinical
trial in cardiac surgical patients. ANESTHESIOLOGY 2015;
122:1112-22

Murphy GS, Szokol JW, Avram M], Greenberg SB,
Shear TD, Deshur MA,Vender JS, Benson J, Newmark
RL: Clinical effectiveness and safety of intraoperative
methadone in patients undergoing posterior spinal
fusion surgery: A randomized, double-blinded, con-
trolled trial. ANESTHESIOLOGY 2017; 126:822-33
ChidambaranV,Ding L, Moore DL, Spruance K, Cudilo
EM, Pilipenko V, Hossain M, Sturm P, Kashikar-Zuck
S, Martin LJ, Sadhasivam S: Predicting the pain con-
tinuum after adolescent idiopathic scoliosis surgery: A
prospective cohort study. Eur J Pain 2017; 21:1252-65
Althaus A, Arranz Becker O, Moser KH, Lux EA,
Weber E Neugebauer E, Simanski C: Postoperative
pain trajectories and pain chronification-An empirical
typology of pain patients. Pain Med 2018; 19:2536—45
Bayman EO, Parekh KR, Keech J, Selte A, Brennan
TJ: A prospective study of chronic pain after thoracic
surgery. ANESTHESIOLOGY 2017; 126:938-51

Fletcher D, Stamer UM, Pogatzki-Zahn E, Zaslansky
R, Tanase NV, Perruchoud C, Kranke P, Komann M,
Lehman T, Meissner W; euCPSP group for the Clinical
Trial Network group of the European Society of
Anaesthesiology: Chronic postsurgical pain in Europe:An
observational study. Eur ] Anaesthesiol 2015; 32:725-34
Davis AM, Inturrisi CE: d-Methadone blocks mor-
phine tolerance and N-methyl-D-aspartate-induced
hyperalgesia. ] Pharmacol Exp Ther 1999;289:1048-53
Sotgiu ML, Valente M, Storchi R, Caramenti G, Biella
GE: Cooperative N-methyl-D-aspartate (NMDA)
receptor antagonism and mu-opioid receptor agonism
mediate the methadone inhibition of the spinal neu-
ron pain-related hyperactivity in a rat model of neuro-
pathic pain. Pharmacol Res 2009; 60:284-90

Zhao YL, Chen SR, Chen H, Pan HL: Chronic opi-
oid potentiates presynaptic but impairs postsynaptic
N-methyl-D-aspartic acid receptor activity in spinal
cords: Implications for opioid hyperalgesia and toler-
ance. ] Biol Chem 2012; 287:25073—-85

Latremoliere A, Woolf CJ: Central sensitization: A gen-
erator of pain hypersensitivity by central neural plas-
ticity. ] Pain 2009; 10:895-926

Codd EE, Shank RP, Schupsky JJ, Raffa RB: Serotonin
and norepinephrine uptake inhibiting activity of cen-
trally acting analgesics: Structural determinants and
role in antinociception. ] Pharmacol Exp Ther 1995;
274:1263-70

Rojas-Corrales MO, Berrocoso E, Gibert-Rahola J,
Micé JA: Antidepressant-like effects of tramadol and
other central analgesics with activity on monoamines
reuptake, in helpless rats. Life Sci 2002; 72:143-52

. Bedin A, Caldart Bedin RA, Vieira JE, Ashmawi HA:

Duloxetine as an analgesic reduces opioid consumption

Anesthesiology 2020; 132:330-42
Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

¥202 UdJel €1 uo 1senb Aq ypd'02000-0 00200202/1 8291 S/0€E/Z/ZE L/4Pd-a1o1E/ABO|0ISBUISBUE/WOD JIBYIIBA|IS ZESE//:d)Y WO papeojumoq


mailto:dgmurphy2@yahoo.com
mailto:dgmurphy2@yahoo.com
http://www.anesthesiology.org
http://www.anesthesiology.org

342

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

after spine surgery: A randomized, double-blind, con-
trolled study. Clin J Pain 2017; 33:865-9

Castro-Alves L], Oliveira de Medeiros AC, Neves SP,
Carneiro de Albuquerque CL, Modolo NS, De Azevedo
VL, De Oliveira GS Jr: Perioperative duloxetine to
improve postoperative recovery after abdominal hyster-
ectomy:A prospective, randomized, double-blinded, pla-
cebo-controlled study. Anesth Analg 2016; 122:98-104
Fletcher D, Fermanian C, Mardaye A, Aegerter P; Pain
and Regional Anesthesia Committee of the French
Anesthesia and Intensive Care Society (SFAR): A
patient-based national survey on postoperative pain
management in France reveals significant achievements
and persistent challenges. Pain 2008; 137:441-51
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 com-
paring 179 surgical procedures. ANESTHESIOLOGY 2013;
118:934—44

Richebé P, Capdevila X, Rivat C: Persistent postsurgical
pain: Pathophysiology and preventative pharmacologic
considerations. ANESTHESIOLOGY 2018; 129:590—607
Werner MU, Kongsgaard UE: 1. Defining persistent
post-surgical pain: Is an update required? Br ] Anaesth
2014;113:1-4

Gilron I,Vandenkerkhof E, Katz J, Kehlet H, Carley M:
Evaluating the association between acute and chronic
pain after surgery: Impact of pain measurement meth-
ods. Clin J Pain 2017; 33:588-94

Udelsmann A, Maciel FG, Servian DC, Reis E, de
Azevedo TM, Melo Mde S: Methadone and mor-
phine during anesthesia induction for cardiac surgery.
Repercussion in postoperative analgesia and prevalence
of nausea and vomiting. Rev Bras Anestesiol 2011;
61:695-701

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

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
Gourlay GK, Willis RJ, Lamberty J: A double-blind
comparison of the efficacy of methadone and mor-
phine in postoperative pain control. ANESTHESIOLOGY
1986; 64:322-7

Komen H, Brunt LM, Deych E, Blood ], Kharasch ED:
Intraoperative methadone in same-day ambulatory
surgery: A randomized, double-blinded, dose-finding
pilot study. Anesth Analg 2019; 128:802-10

Gjeilo KH, Stenseth R, Wahba A, Lydersen S, Klepstad
P: Chronic postsurgical pain in patients 5 years after

Anesthesiology 2020; 132:330-42

37.

38.

39.

40.

41.

42.

43.

44,

45.

cardiac surgery: A prospective cohort study. Eur J Pain
2017;21:425-33

Marcassa C, Faggiano P, Greco C, Ambrosetti M,
Temporelli PL; Italian Association of Cardiovascular
Prevention, Rehabilitation (GICR-IACPR): A retro-
spective multicenter study on long-term prevalence of
chronic pain after cardiac surgery. ] Cardiovasc Med
(Hagerstown) 2015; 16:768-74

Bruce J, Drury N, Poobalan AS, Jeffrey RR, Smith WC,
Chambers WA: The prevalence of chronic chest and
leg pain following cardiac surgery: A historical cohort
study. Pain 2003; 104:265-73

Gagnon B, Bruera E: Differences in the ratios of mor-
phine to methadone in patients with neuropathic pain
versus non-neuropathic pain. J Pain Symptom Manage
1999; 18:120-5

Rosow CE, Dershwitz M, Evers AS, Maze M,
Kharasch, ED: Clinical pharmacology of opioids,
Anesthetic Pharmacology: Physiologic Principles and
Clinical Practice, 2nd edition. Edited by Evers AS,
Maze M, Kharasch ED. Cambridge, United Kingdom,
Cambridge University Press, 2011, pp 53147
Mercadante S, Ferrera P, Villari P, Casuccio A, Intravaia
G, Mangione S: Frequency, indications, outcomes, and
predictive factors of opioid switching in an acute pallia-
tive care unit. ] Pain Symptom Manage 2009;37:632—41
Mercadante S,Villari P, Ferrera P, Casuccio A, Gambaro
V: Opioid plasma concentrations during a switch from
transdermal fentanyl to methadone. J Palliat Med 2007;
10:338—44

MacKenzie M, Zed PJ, Ensom MH: Opioid pharma-
cokinetics-pharmacodynamics: Clinical implications in
acute pain management in trauma. Ann Pharmacother
2016; 50:209-18

McNicol ED, Schumann R, Haroutounian S: A sys-
tematic review and meta-analysis of ketamine for
the prevention of persistent post-surgical pain. Acta
Anaesthesiol Scand 2014; 58:1199-213

Dworkin RH, Turk DC, Wyrwich KW, Beaton D,
Cleeland CS, Farrar JT, Haythornthwaite JA, Jensen
MP, Kerns RD, Ader DN, Brandenburg N, Burke LB,
Cella D, Chandler J, Cowan P, Dimitrova R, Dionne
R, Hertz S, Jadad AR, Katz NP, Kehlet H, Kramer
LD, Manning DC, McCormick C, McDermott MP,
McQuay H]J, Patel S, Porter L, Quessy S, Rappaport
BA, Rauschkolb C, Revicki DA, Rothman M,
Schmader KE, Stacey BR, Stauffer JW, von Stein T,
White RE, Witter J, Zavisic S: Interpreting the clini-
cal importance of treatment outcomes in chronic pain
clinical trials: IMMPACT recommendations. | Pain
2008;9:105-21

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.

Murphy et al.

¥202 UdJel €1 uo 1senb Aq ypd'02000-0 00200202/1 8291 S/0€E/Z/ZE L/4Pd-a1o1E/ABO|0ISBUISBUE/WOD JIBYIIBA|IS ZESE//:d)Y WO papeojumoq



