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Abstract
Purpose  To provide optimal conditions for neurophysiological monitoring and rapid awakening, remifentanil is commonly 
used during pediatric spinal surgery. However, remifentanil may induce hyperalgesia and increase postoperative opioid 
requirements. We evaluated the potential of methadone or magnesium to prevent remifentanil-induced hyperalgesia.
Methods  Using a prospective, randomized, blinded design, adolescents presenting for posterior spinal fusion to treat idi-
opathic scoliosis were assigned to receive desflurane with remifentanil alone (REMI), remifentanil + methadone (MET) 
(0.1 mg/kg IV over 15 min), or remifentanil + magnesium (MAG) (50 mg/kg bolus over 30 min followed by 10 mg/kg/h). 
Primary outcomes were opioid requirements and postoperative pain scores. Secondary outcomes included intraoperative 
anesthetic requirements, neurophysiological monitoring conditions, and emergence times.
Results  Data analysis included 60 patients. Total opioid requirement (hydromorphone) in the REMI group (received perio-
peratively and on the inpatient ward) was 0.34 ± 0.11 mg/kg compared to 0.26 ± 0.10 mg/kg in the MET group (95% confi-
dence interval (CI) of difference: − 0.14, − 0.01; p = 0.035). The difference in opioid requirements between the REMI and 
MET group was related to intraoperative dosing (0.04 ± 0.02 mg/kg vs. 0.02 ± 0.01 mg/kg; 95% CI of difference: − 0.01, 
− 0.02; p = 0.003). No difference was noted in pain scores, and no differences were noted when comparing the REMI and 
MAG groups.
Conclusion  With the dosing regimens in the current study, the only benefit noted with methadone was a decrease in perio-
perative opioid requirements. However, given the potential for hyperalgesia with the intraoperative use of remifentanil, 
adjunctive use of methadone appears warranted.
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Introduction

During anesthesia for posterior spinal fusion, the anesthetic 
regimen is tailored to facilitate neurophysiological moni-
toring of spinal cord integrity using somatosensory (SSEP) 
and motor evoked potentials (MEP) [1–6]. When changes 
occur during neurophysiological monitoring, the anesthetic 
technique must allow for a rapid “wake-up” test to document 
the validity of these findings. In such protocols, a continuous 
infusion of remifentanil is a key component as it allows for 
the rapid control of hemodynamic parameters and the pro-
vision of intensive analgesia with a rapid recovery time [4, 
6, 7]. Despite the efficacy of remifentanil, given the avidity 
with which it binds to opioid receptors, acute tolerance may 
occur which increases postoperative opioid requirements by 
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20–30% [8–11]. It has been postulated that the hyperalge-
sia associated with remifentanil may be modulated through 
the N-methyl-d-aspartate (NMDA) receptor system [12]. 
Attempts to modulate the response using pre-emptive opi-
oid administration and other pharmacologic agents such as 
ketamine have resulted in variable success [13, 14].

Magnesium is an inexpensive agent with a wide thera-
peutic threshold which has been studied during orthopedic 
surgery, particularly in the adult population where it has 
been shown to reduce postoperative opioid requirements 
and intraoperative anesthetic needs [15–19]. Magnesium 
produces a voltage-gated non-competitive blockade at the 
NMDA receptor, preventing the binding of glutamate [15]. 
Other investigators have suggested the use of methadone 
as a means of improving postoperative analgesia follow-
ing major spinal surgery and blunting remifentanil-induced 
hyperalgesia [20–22]. Despite this information, there remain 
limited data focusing on the adolescent population undergo-
ing posterior spinal fusion for idiopathic scoliosis, with no 
data providing comparable assessments of the intraoperative 
use of magnesium or methadone as opposed to remifentanil 
alone. The current prospective, randomized trial investigates 
the efficacy of these two agents on the perioperative course 
of adolescents undergoing posterior spinal fusion.

Materials and methods

This study was approved by the Nationwide Children’s Hos-
pital (NCH) Institutional Review Board (IRB13-00036) and 
registered at ClinicalTrails.gov (NCT01795495). An inves-
tigational new drug (IND) application was approved by The 
Food and Drug Administration (FDA) prior to beginning the 
study (IND117889). Written informed consent was obtained 
from a parent and assent from the patient. The primary 
objective of the study was to determine the effects of intra-
operative methadone and magnesium on postoperative opi-
oid requirements and pain scores. The secondary objectives 
were to determine the effects of methadone and magnesium 
on the intraoperative inspired concentration of desflurane 
to maintain a bispectral index (BIS) at 50–60; the dose of 
remifentanil required to maintain the mean arterial pressure 
(MAP) at 55–65 mmHg; the need for supplemental agents 
for blood pressure control despite a maximum remifenta-
nil infusion of 0.3 µg/kg/min; the total dose of rocuronium 
administered during dissection through the paravertebral 
muscles (mg/kg); time from turning supine at the comple-
tion of the case until eye opening, time until the patient is 
able to follow commands, time to tracheal extubation; and 
hospital length of stay (LOS).

Given the need for neurophysiological monitoring and 
the potential for a “wake-up test”, the anesthetic regimen 
for posterior spinal fusion includes a titrated technique 

to ensure a limited effect on MEP and SSEP monitoring 
with a rapid awakening throughout the procedure. We 
have previously reported our experience with the use of a 
volatile anesthetic agent-based technique using desflurane 
combined with remifentanil [6]. This desflurane–remifen-
tanil technique remains our standard intraoperative anes-
thetic for such cases and was the technique chosen for 
this study. The efficacy of neurophysiologic monitoring 
including SSEP (amplitude and latency, measured at the 
posterior tibial nerve tract) and MEP (mA required to elicit 
the response) were compared between each experimental 
group and the control group at 4 time points: baseline, 
30 min after baseline (at least 60 min after rocuronium), 
after anchor insertion, and at instrumentation completion. 
If available, left and right data points were averaged at 
each time. Subcortical (P31) and cortical SSEP (P37) data 
were analyzed separately.

Following the consent procedure, the patients were ran-
domized via lottery to one of 3 groups. The three groups 
included: remifentanil alone (REMI), remifentanil + metha-
done (MET) (0.1 mg/kg IV over 15 min, administered just 
after induction of anesthesia), or remifentanil + magnesium 
(MAG) (50 mg/kg bolus over 30 min followed by 10 mg/
kg/h). The remainder of the intraoperative care followed 
our standard practice for anesthetic care during posterior 
spinal fusion [6]. This included oral premedication with 
midazolam 20 mg followed by the inhalation of 70% nitrous 
oxide in oxygen to provide analgesia for the placement of a 
peripheral intravenous cannula. Anesthesia was then induced 
with propofol 2.5 mg/kg and remifentanil 2.5 µg/kg. Neu-
romuscular blockade to facilitate endotracheal intubation 
was accomplished with rocuronium (0.3 mg/kg). Following 
anesthetic induction and endotracheal intubation, a second 
peripheral intravenous cannula and a radial arterial cannula 
were placed. No additional neuromuscular blockade was 
administered until after the patient was turned prone onto 
the Jackson table and baseline neurophysiological moni-
toring was obtained. After this, incremental doses of rocu-
ronium (0.1 mg/kg) were administered during the dissec-
tion of paravertebral muscles as requested by the surgeons. 
Maintenance anesthesia consisted of desflurane titrated to 
maintain the BIS at 50–60 and a remifentanil infusion start-
ing at 0.05 µg/kg/min and increased up to 0.3 µg/kg/min to 
maintain the mean arterial pressure (MAP) at 55–65 mmHg. 
If the MAP was greater than 65 mmHg despite a remifen-
tanil infusion at 0.3 µg/kg/min, labetalol (0.1–0.2 mg/kg) 
was administered as needed. Following the start of mainte-
nance anesthesia, patients in the remifentanil arm received 
no additional opioids other than the remifentanil infusion. 
For patients in the methadone group, methadone (0.1 mg/
kg) was administered over 15 min. Due to the concerns of 
magnesium potentially interfering with MEP monitoring, 
magnesium was administered after the baseline set of MEPs 
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was obtained. Magnesium was administered as a bolus of 
50 mg/kg over 30 min followed by 10 mg/kg/h for the dura-
tion of the surgery.

All patients received dexamethasone (4 mg) and ondan-
setron (4 mg) for the prevention of postoperative nausea 
and vomiting. Intravenous acetaminophen (15 mg/kg up to 
1000 mg) was administered intraoperatively and continued 
every 6 h for 36 h postoperatively as an adjunct to opioid 
analgesia. Following completion of the instrumentation and 
the need for neurophysiological monitoring, the remifentanil 
infusion was discontinued and hydromorphone (incremental 
doses of 0.2 mg) administered to achieve a respiratory rate 
of 8–12 breaths/minute. When the surgical procedure was 
completed, the patient was turned supine and the trachea 
extubated once awake. Additional doses of hydromorphone 
were administered following tracheal extubation and in the 
post-anesthesia care unit (PACU) as needed to optimize 
analgesia. Postoperative analgesia as provided by hydromor-
phone delivered via a patient-controlled analgesia (PCA) 
device with a bolus dose of 4–10 µg/kg, a lockout period of 
10 min, and no basal infusion. If analgesia was inadequate, 
the bolus dose was increased up to 20 µg/kg. A basal infu-
sion (2–5 µg/kg/hr) was added for patients with severe pain 
(pain scores ≥ 7) if increasing the bolus did not provide 
adequate analgesia. On postoperative day one, intravenous 
ketorolac was started and continued for a total of 20 doses.

Study outcomes were compared separately between 
REMI and MET groups, and REMI and MAG groups using 
unpaired t-tests. Opioid requirements were expressed as mg/
kg of hydromorphone in the OR, in the PACU, on the inpa-
tient ward for 24 postoperative hours, and for the following 
combinations: OR + PACU; and OR + PACU + the inpa-
tient ward. The recorded scores for pain using visual analog 
scale pain scores (VAS, 0–10 scale) were averaged during 
the patient’s time in the PACU; while on the inpatient ward; 

and all observations in the PACU and on the ward. Remifen-
tanil dosing (including any bolus doses) was divided by the 
patient’s weight and the anesthesia duration, and expressed 
in µg/kg/min. Desflurane concentrations were averaged over 
all available data points (collected each 30 min) during the 
case. Total labetalol dosing was expressed in mg/kg, with 
values of 0 assigned to cases not requiring this medica-
tion. A sample size of 20 patients per group was planned 
to achieve 86% power for detecting a 1 standard deviation 
(SD) pairwise group difference in mean opioid requirements 
at a confidence level of 95%. Data analysis was performed 
using Stata/IC 13.1 (College Station, TX, USA: StataCorp, 
LP), and two-tailed p < 0.05 was considered statistically 
significant. Hypothesis tests comparing MET to REMI and 
MAG to REMI were not adjusted for multiple comparisons, 
due to the intent to separately analyze potential benefits of 
methadone and magnesium.

Results

Sixty-three subjects were enrolled in the study, of whom 3 
were withdrawn due to deviations from the study protocol. 
The remaining 60 subjects included 10 boys and 50 girls 
with an average age of 15.0 ± 1.6 years. They were randomly 
assigned to the study groups as follows: 19 in REMI, 22 in 
MET, and 19 in MAG. Descriptive characteristics of each 
group are summarized in Table 1. Intraoperative adverse 
events included excessive bleeding in 1 patient (MET). Post-
operative adverse events included ileus in 1 patient (REMI) 
and readmission due to pain and constipation in 1 patient 
(MAG).

Data on the primary outcomes are compared between 
MET and REMI and between MAG and REMI in Table 2. 
Total opioid requirement (hydromorphone) in the REMI 

Table 1   Demographics and 
characteristics of the study 
groups

REMI remifentanil only, MET remifentanil and methadone, MAG remifentanil and magnesium, BMI body 
mass index, ASA American Society of Anesthesiologists

Variable REMI (n = 19) MET (n = 22) MAG (n = 19)
n (%) or mean ± SD n (%) or mean (SD) n (%) or mean (SD)

Age (years) 14.2 ± 1.4 15.4 ± 1.2 15.3 ± 1.9
Gender
 Female 16 (84%) 17 (77%) 16 (84%)
 Male 3 (16%) 5 (23%) 3 (16%)

Weight (kg) 55.9 (11.8) 64.5 (20.0) 63.1 (15.6)
BMI (kg/m2) 21.6 ± 4.3 22.8 ± 5.7 24.2 ± 5.6
ASA status
 1 7 (37%) 5 (23%) 7 (37%)
 2 12 (63%) 17 (77%) 11 (58%)
 3 0 0 1 (5%)

Surgery time (min) 246 ± 102 250 ± 66 244 ± 52
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group (OR, PACU, and on the inpatient ward) was 
0.34 ± 0.11 mg/kg compared to 0.26 ± 0.10 mg/kg in the 
MET group (95% confidence interval (CI) of difference: 
− 0.14, − 0.01; p = 0.035). The total opioid requirement 
in the MAG group was 0.38 ± 0.10 mg/kg (95% CI of dif-
ference compared to REMI: − 0.03, 0.12; p = 0.243). Sub-
analysis of OR, PACU, and inpatient ward dosing (Table 2) 
revealed that the MET group had lower intraoperative opi-
oid (hydromorphone) requirements than the REMI group 
(0.02 ± 0.01 mg/kg vs. 0.04 ± 0.02 mg/kg; 95% CI of dif-
ference: − 0.01, − 0.02; p = 0.003), but the opioid require-
ments did not differ from the REMI group in the PACU 
(p = 0.465) or on the inpatient ward (p = 0.072). The aver-
ages of all available VAS pain scores in the PACU and on 
the inpatient ward were 5 ± 2 in the REMI group, 5 ± 2 in 
the MET group (p = 0.386 vs. REMI), and 5 ± 2 in the MAG 
group (p = 0.391 vs. REMI).

Data on secondary outcomes are summarized in Tables 3 
and 4. The intraoperative remifentanil dose was lower in 
the MET group than in the REMI group (0.16 ± 0.04 µg/kg/
min vs. 0.19 ± 0.03 µg/kg/min; p = 0.016) and was similar 
between the REMI group and MAG group (0.20 ± 0.03 µg/
kg/min). Total labetalol dose was lower in the MET 
group than in the REMI group (0.06 ± 0.10  mg/kg vs. 
0.17 ± 0.19 mg/kg; p = 0.018), but was similar between 
the REMI group and the MAG group (0.22 ± 0.29 mg/kg; 
p = 0.550). Total rocuronium dose, MEP threshold, SSEP 
amplitude, SSEP latency, and hospital LOS did not differ 

between the REMI group and either the MAG or MET 
groups. The MET group did not differ from the REMI group 
in times to eye opening, following commands, or tracheal 
extubation; while in the MAG group, times to eye opening 
and following commands were approximately 1 min shorter 
than in the REMI group (Table 3).

Discussion

In the current study, we evaluated the intraoperative and 
postoperative effects of the administration of either metha-
done or magnesium on the basic intraoperative regimen of 
desflurane–remifentanil. In that context, the only differences 
we noted in the current study were between the REMI and 
MET groups with no difference in the MAG group. With 
the administration of methadone after anesthetic induction, 
the total perioperative hydromorphone requirements were 
lower and, intraoperatively, we noted a decrease in both 
the remifentanil requirements, as well as labetalol require-
ments to maintain the desired MAP to provide controlled 
hypotension. The controlled hypotension is utilized as part 
of our standard intraoperative technique to limit allogeneic 
transfusion requirements. When considering the effects of 
methadone on perioperative hydromorphone requirements, 
the clinical impact was primarily noted intraoperatively, as 
hydromorphone was administered in the operating room 
based on respiratory rate prior to tracheal extubation. The 

Table 2   Opioid consumption and pain scores, by group assignment and times

REMI remifentanil only, MET remifentanil and methadone, MAG remifentanil and magnesium, CI confidence interval, OR operating room, 
PACU​ post-anesthesia care unit, VAS visual analog scale
a Data missing for 1 REMI case and 1 MAG case
b Data missing for 1 MAG case
c Data missing for 2 REMI cases and 2 MAG cases
d Data missing for 2 REMI cases and 3 MAG cases
e Data missing for 1 REMI case
f Average of all available data points in each interval

Variable REMI (n = 19) MET (n = 22) MAG (n = 19) MET vs. REMI differ-
ence

MAG vs. REMI dif-
ference

Mean (SD) Mean (SD) Mean (SD) p 95% CI p 95% CI

Total opioid consumption (hydromorphone mg/kg)
 In the ORa 0.04 (0.02) 0.02 (0.01) 0.04 (0.01) 0.003 (− 0.02, − 0.01) 0.950 (− 0.01, 0.01)
 In PACU​a 0.01 (0.01) 0.01 (0.01) 0.003 (0.01) 0.465 − 0.01, 0.00 0.168 − 0.01, 0.00
 On the inpatient ward for the first 24 hb 0.29 (0.09) 0.24 (0.10) 0.33 (0.11) 0.072 − 0.11, 0.01 0.295 − 0.03, 0.10
 OR + PACU​c 0.05 (0.02) 0.03 (0.01) 0.04 (0.01) 0.002 − 0.03, − 0.01 0.474 − 0.02, 0.01
 OR + PACU + inpatient wardd 0.34 (0.11) 0.26 (0.10) 0.38 (0.10) 0.035 − 0.14, − 0.01 0.243 − 0.03, 0.12

VAS pain scoree

 In the PACU​f 5.2 (2.6) 6.0 (3.0) 6.3 (2.4) 0.413 − 1.1, 2.5 0.192 − 0.6, 2.7
 On the inpatient ward for the first 24 h 4.8 (3.5) 4.8 (1.5) 4.7 (1.3) 0.955 − 1.6, 1.7 0.990 − 1.7, 1.7
 In the PACU and on the inpatient ward 4.6 (2.2) 5.1 (1.8) 5.1 (1.2) 0.386 − 0.7, 1.8 0.391 − 0.7, 1.7
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hydromorphone requirements were approximately half that 
of patients who did not receive methadone. We would postu-
late that the effect of methadone may have been related pri-
marily to its analgesic effects, thereby limiting intraoperative 

and postoperative opioid needs directly, or a secondary 
effect related to a decrease in intraoperative remifentanil 
requirements, and hence blunting of remifentanil-induced 
hyperalgesia.

Table 3   Secondary intraoperative study outcomes by group assignment

REMI remifentanil only, MET remifentanil and methadone, MAG remifentanil and magnesium, CI confidence interval

Variable REMI (n = 19) MET (n = 22) MAG (n = 19) MET vs. REMI difference MAG vs. REMI dif-
ference

Mean (SD) Mean (SD) Mean (SD) p 95% CI p 95% CI

Remifentanil dose (µg/kg/min) 0.19 (0.03) 0.16 (0.04) 0.20 (0.03) 0.016 − 0.05, − 0.01 0.270 − 0.01, 0.03
Desflurane concentration 3.7 (0.3) 3.8 (0.3) 3.7 (0.6) 0.258 − 0.1, 0.3 0.959 − 0.3, 0.3
Rocuronium dose (mg/kg) 4.6 (1.3) 4.0 (0.6) 4.2 (0.6) 0.082 − 1.1, 0.1 0.262 − 1.0, 0.3
Labetalol total dose (mg/kg) 0.17 (0.19) 0.06 (0.10) 0.22 (0.29) 0.018 − 0.16, − 0.06 0.550 − 0.11, 0.21
MEP threshold (V)
 Baseline 441 (100) 418 (108) 442 (96) 0.510 − 89, 45 0.955 − 64, 67
 30 min 428 (104) 413 (108) 439 (97) 0.653 − 83, 52 0.719 − 54, 78
 Post anchor insertion 422 (100) 410 (107) 439 (101) 0.711 − 78, 54 0.603 − 49, 83
 Instrumentation completion 417 (96) 410 (107) 439 (101) 0.831 − 72, 58 0.488 − 42, 87

SSEP amplitude (µV), subcortical
 Baseline 0.82 (0.22) 0.69 (0.22) 0.80 (0.27) 0.067 − 0.27, 0.01 0.879 − 0.18, 0.15
 30 min 0.72 (0.22) 0.61 (0.20) 0.67 (0.25) 0.094 − 0.25, 0.02 0.550 − 0.20, 0.11
 Post anchor insertion 0.70 (0.16) 0.66 (0.17) 0.69 (0.24) 0.393 − 0.15, 0.06 0.842 − 0.15, 0.12
 Instrumentation completion 0.69 (0.18) 0.63 (0.19) 0.71 (0.24) 0.331 − 0.18, 0.06 0.745 − 0.12, 0.16

SSEP amplitude (µV), cortical
 Baseline 1.59 (1.48) 1.14 (0.59) 1.23 (0.58) 0.199 − 1.14, 0.25 0.336 − 1.10, 1.04
 30 min 0.98 (0.96) 0.87 (0.35) 0.86 (0.39) 0.635 − 0.55, 0.34 0.615 − 0.60, 0.36
 Post anchor insertion 1.16 (0.31) 0.83 (0.43) 0.92 (0.50) 0.285 − 0.94, 0.28 0.473 − 0.91, 0.43
 Instrumentation completion 1.12 (1.12) 0.80 (0.39) 0.94 (0.56) 0.203 − 0.84, 0.18 0.534 − 0.76, 0.40

SSEP latency (ms), subcortical
 Baseline 28.6 (1.5) 29.6 (1.6) 28.7 (2.0) 0.050 0, 1.96 0.847 − 1.0, 1.3
 30 min 28.4 (1.4) 30.1 (3.6) 28.5 (1.7) 0.062 − 0.1, 3.5 0.936 − 1.0, 1.1
 Post anchor insertion 28.7 (1.6) 29.2 (1.7) 28.9 (2.2) 0.315 − 0.5, 1.6 0.703 − 1.0, 1.5
 Instrumentation completion 28.8 (1.6) 29.2 (2.2) 28.8 (2.2) 0.535 − 0.8, 1.6 0.963 − 1.3, 1.2

SSEP latency (ms), cortical
 Baseline 37.3 (1.5) 38.2 (2.2) 37.9 (2.4) 0.144 − 0.3, 2.1 0.426 − 0.8, 1.9
 30 min 36.9 (1.6) 37.8 (2.0) 37.6 (2.3) 0.134 − 0.3, 2.1 0.279 − 0.6, 2.0
 Post anchor insertion 36.8 (1.5) 37.4 (1.6) 37.5 (2.4) 0.248 − 0.4, 1.6 0.272 − 0.6, 2.0
 Instrumentation completion 36.9 (1.5) 37.8 (2.2) 37.0 (2.2) 0.151 − 0.3, 2.1 0.806 − 1.1, 1.4

Table 4   Secondary postoperative study outcomes by group assignment

REMI remifentanil only, MET remifentanil and methadone, MAG remifentanil and magnesium, CI confidence interval

Variable REMI (n = 19) MET (n = 22) MAG (n = 19) MET vs. REMI dif-
ference

MAG vs. REMI dif-
ference

Mean (SD) Mean (SD) Mean (SD) p 95% CI p 95% CI

Time to eye opening (min) 2.6 (1.4) 2.5 (2.9) 1.4 (1.1) 0.964 1.5, 1.4 0.006 − 2.4, − 1.5
Time to following commands (min) 2.9 (1.6) 3.3 (2.9) 1.5 (1.1) 0.624 − 1.1, 1.9 0.003 − 2.3, − 0.5
Time to tracheal extubation (min) 2.5 (1.8) 2.9 (2.8) 1.7 (1.6) 0.658 − 1.2, 2.0 0.141 − 2.0, 0.3
Hospital length of stay (day) 4.6 (1.3) 4.0 (0.6) 4.2 (0.6) 0.082 − 1.1, 0.1 0.262 − 1.0, 0.3
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One interesting yet difficult to explain finding was that 
time to eye opening as well as time to tracheal extubation 
were more rapid in patients who received magnesium when 
compared to the remifentanil group. No difference was noted 
when compared to the methadone group. While both of these 
endpoints met statistical significance, the findings were of 
limited clinical significance as the average time difference 
was only 1.1 min and 1.8 min, respectively. As there was 
no difference in intraoperative anesthetic requirements for 
remifentanil and desflurane between the two groups, we are 
unable to postulate a physiologic mechanism for this effect 
and it may be a chance finding related to the sample size of 
the study.

Postoperatively, we noted no difference in the hydro-
morphone requirements during the PACU stay or the initial 
24 postoperative hours among the study groups. Although 
there was no statistically significant difference in PACU 
dosing, the overall perioperative dosing (OR + PACU) was 
less with methadone. A larger study might have provided 
stronger support for a difference in opioid consumption in 
PACU between the MET and REMI groups. However, it 
is important to note that no difference with the addition of 
methadone or magnesium was found, based on pain scores. 
The intraoperative hemodynamic control was more stable in 
patients receiving methadone, as we noted decreased intra-
operative remifentanil requirements as well as a decrease in 
the need for supplemental agents to maintain MAP at the 
desired range of 55–65 mmHg. The decrease in the intraop-
erative remifentanil requirements may be clinically effica-
cious as higher intraoperative infusion rates of remifentanil 
may accelerate acute tolerance and further increase postop-
erative analgesic requirements [23].

Despite its efficacy in providing intense analgesia and 
yet allowing for rapid awakening, concerns have been 
expressed over the possible hyperalgesia which may result 
from the intraoperative use of remifentanil. While it has 
been postulated that this may be mediated through the 
NMDA system, limited impact has been demonstrated in 
various clinical settings with the intraoperative adminis-
tration of ketamine [12, 13, 24]. Therefore, in the cur-
rent study, we chose to evaluate the potential impact of 
two agents which may have effects as NMDA antagonists 
including magnesium and methadone. One critique of the 
study design that might impact our finding is the dose 
of methadone that was selected. The chosen dose was on 
the lower end of the dosing scale as we did not want to 
impact postoperative awakening and the goal in our study 
was to use methadone as an adjunctive agent, focusing on 
its effects primarily at the NMDA receptor. Higher doses 
(0.2–0.25 mg/kg) may impact the findings and improve 
the postoperative impact of this agent. Furthermore, lower 
doses (0.025–0.05 mg/kg) may impact the NMDA system 

while limiting the impact on postoperative opioid require-
ments related to opioid receptor effects. A future trial may 
be indicated focusing specifically on methadone dosing 
in this patient population. The dose of magnesium cho-
sen, both for the bolus and infusion therapy, was the same 
dose used in previous adult studies for patients under-
going major orthopedic surgeries involving the lumbar 
spine [17]. As with methadone, larger doses may impact 
the analgesic effects noted with magnesium, but given the 
effects of magnesium on the neuromuscular junction, these 
larger doses may also impact MEP monitoring. We have 
anecdotally noted the brief loss of MEP signals following 
the administration of a bolus dose of magnesium in a simi-
lar clinical scenario. Consistent with the aforementioned 
adult study, we did not measure magnesium levels. Fur-
thermore, missing data may have affected the precision of 
some of our estimates; for example, 5 patients (8%) were 
missing data on the primary outcome of opioid consump-
tion at 1 or more of the study time points.

In summary, with the dosing regimens described in the 
current study, no clinically significant benefit was noted 
with the intraoperative administration of magnesium dur-
ing a desflurane–remifentanil anesthetic for posterior 
spinal fusion in adolescents. Remifentanil is frequently 
chosen during neurophysiological monitoring given its 
lack of context-sensitive half-life and the resultant rapid 
dissipation of its effects when the infusion is discontinued. 
These properties, when combined with desflurane, allow 
for the performance of a wake-up test should irrevers-
ible changes be noted on neurophysiological monitoring. 
However, the hyperalgesia that occurs may be problematic 
during the immediate postoperative period as the patient 
emerges from anesthesia where increased pain and opioid 
requirements may be seen. The current study demonstrates 
that the administration of methadone may mitigate these 
effects. The intraoperative administration of methadone in 
a dose of 0.1 mg/kg resulted in decreased intraoperative 
requirements for hydromorphone during emergence from 
anesthesia and improved intraoperative hemodynamic 
control while decreasing intraoperative remifentanil and 
labetalol requirements. However, outside of the immediate 
postoperative period, there was no clinically or statisti-
cally significant difference in the clinical course during the 
postoperative period. We would suggest that future inves-
tigations may be warranted to evaluate dose-escalations of 
methadone in the same or similar clinical settings. Given 
the potential for hyperalgesia with the intraoperative use 
of remifentanil, the adjunctive use of methadone may be 
warranted in this patient population.
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