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Introduction: The unique pharmacokinetic properties of remifentanil with a context-sensitive
half-life unaffected by length of infusion contribute to its frequent use during anesthetic management during posterior spinal fusion in children and adolescents. However, its intraoperative
administration can lead to increased postoperative analgesic requirements, which is postulated to
be the result of acute opioid tolerance with enhancement of spinal N-methyl-d-aspartate receptor
function. Although strategies to prevent or reduce tolerance have included the coadministration
of longer acting opioids or ketamine, the majority of these studies have demonstrated little to no
benefit. The current study retrospectively evaluates the efficacy of intrathecal morphine (ITM)
in preventing hyperalgesia following a remifentanil infusion.
Methods: We retrospectively analyzed 54 patients undergoing posterior spinal fusion with segmental spinal instrumentation, to evaluate the effects of ITM on hyperalgesia from remifentanil.
Patients were divided into two groups based on whether they did or did not receive remifentanil
during the surgery: no remifentanil (control group) (n=27) and remifentanil (study group) (n=27).
Data included demographics, remifentanil dose and duration, Wong–Baker visual analog scale
postoperative pain scores, and postoperative intravenous morphine consumption in the first 48
postoperative hours.
Results: The demographics of the two study groups were similar. There were no differences in
the Wong–Baker visual analog scale pain scores in the postanesthesia care unit and on postoperative days 1 and 3. Pain scores were higher in the remifentanil group on postoperative day 2
(2.9 vs 3.8). Postoperative morphine requirements were similar between the two groups (0.029 vs
0.017 mg/kg/48 h for the control group and the study group, respectively).
Conclusion: In patients receiving preincisional ITM during spinal surgery, intraoperative
remifentanil does not increase postoperative analgesic requirements.
Keywords: remifentanil, intrathecal morphine, idiopathic scoliosis, posterior spinal fusion,
opioid tolerance, segmental spinal instrumentation
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Posterior spinal fusion (PSF) and segmental spinal instrumentation (SSI) for the treatment of idiopathic scoliosis result in significant postoperative pain.1 Strategies for
managing postoperative pain include patient-controlled analgesia with intravenous
(IV) opioids, epidural administration of local anesthetic agents and/or opioids, and
the administration of intrathecal morphine (ITM).2 We have previously reported that
the preincisional administration of ITM provides effective and safe analgesia during the postoperative period.3 Regardless of the analgesic approach, a remifentanil
infusion combined with a propofol infusion is often administered intraoperatively to
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facilitate neurophysiological monitoring, including
somatosensory- and motor-evoked potentials.
Remifentanil is an ultrashort-acting synthetic opioid
with a context sensitive half-life that is unaffected by length
of infusion, which contributes to its frequent use during
anesthetic management during PSF and SSI.4 However,
remifentanil has been associated with increased postoperative analgesic requirements thought to be secondary to acute
opioid tolerance.5–8 Crawford et al5 reported that the use of a
remifentanil infusion during scoliosis surgery in adolescents
resulted in significantly increased postoperative morphine
consumption by patient-controlled analgesia device during
the first 24 postoperative hours.
The mechanism for the development of acute opioid
tolerance following remifentanil may be enhancement of
spinal N-methyl-d-aspartate (NMDA) receptor function.9
In an animal model, it has been demonstrated that recordings of NMDA current in cultured dorsal horn neurons
are increased in the presence of clinically significant
concentrations of remifentanil. Strategies to attenuate
remifentanil-induced opioid tolerance during scoliosis
surgery have included pretreatment with longer acting
opioids or ketamine, a partial NMDA antagonist. However,
a prospective, blinded study examining low-dose intraoperative ketamine infusion versus placebo in adolescents
receiving remifentanil infusion during scoliosis surgery did
not show a reduction in postoperative opioid requirements
in patients receiving ketamine.10 Additionally, McDonnell
et al11 reported that pretreatment with IV morphine did
not prevent remifentanil-induced hyperalgesia following
spinal surgery.
The use of both ITM and remifentanil infusions in our
patient population provides a unique opportunity to assess
whether postoperative acute opioid tolerance occurs in
patients with idiopathic scoliosis receiving remifentanil
following pretreatment with ITM. We maintain a Pediatric
Orthopedic Spine Database (1992–2015), containing information including, but not limited to, demographics, visual
analog scale (VAS) pain scores, and postoperative IV morphine consumption. Until 2010, patients received ITM without remifentanil, and since then, our practice has changed to
include both ITM and a remifentanil infusion. We hypothesized that the administration of intraoperative remifentanil
infusion would not increase postoperative pain scores and
analgesic requirements in patients who had received ITM. To
verify this, we conducted a retrospective review of patients
undergoing spine surgery over a 3–4-year period.
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Methods
Following institutional review board approval by Case
Western Reserve University, we retrospectively reviewed data
regarding patients with idiopathic scoliosis, who underwent
PSF with SSI from December 2008 until May 2011. Patients
with neuromuscular or other forms of scoliosis were excluded
as were patients with idiopathic scoliosis who had same-day
or staged anterior and posterior spinal fusions or anterior
fusion and instrumentation only. Our Pediatric Orthopedic
Spine Database and anesthesia records were our primary
sources of information. After the induction of general anesthesia, all patients received preincisional ITM at a dose of
15 µg/kg (maximum dose of 1 mg). Maintenance of general
anesthesia included a propofol infusion, with or without an
intraoperative infusion of remifentanil. Patients also received
,0.5 minimum alveolar concentration (MAC) of a volatile
anesthetic agent ± nitrous oxide according to the discretion
of the attending anesthesiologist. No long-acting IV opioids
were administered intraoperatively, and postoperative analgesia in the first 48 hours was provided using a continuous
IV morphine infusion titrated to keep Wong–Baker VAS
pain scores at #5.12 Demographic and patient data collected
included patient age at the time of surgery (years), sex,
weight (kilograms), duration of surgery (hours), remifentanil
infusion duration (minutes), remifentanil dose (µg/kg/min),
postoperative morphine consumption (mg/kg/48 h), and VAS
pain scores (range: 0–10) in the postanesthesia care unit, and
on postoperative days 1, 2, and 3.
Data were analyzed using a statistical software package
(SPSS Inc., version 8.0, Chicago, IL, USA). Continuous
variables between two groups were analyzed using Student’s
t-test. All significance levels were set at P,0.05.

Results
There were 54 patients who met inclusion criteria. All
of the patients received ITM. They were further divided
into two groups, those who did not receive remifentanil
(control group, n=27) and those who received remifentanil
(study group, n=27). There were no significant differences
in the demographic variables between the two groups.
Demographic data, pain scores, and opioid use are listed
in Table 1. In the patients who received remifentanil, the
mean infusion duration was 236 minutes and the mean
remifentanil rate was 0.14 µg/kg/min. No difference was
noted in postoperative opioid requirements between the two
groups (0.029 mg/kg/48 h in the patients who did not receive
remifentanil and 0.017 mg/kg/48 h in those who received
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Table 1 Demographic data of the two cohort groups
Cohort number
Sex (male/female)
Weight (kg)
Remifentanil infusion duration
Remifentanil dose
VAS – PACU
VAS – POD 1
VAS – POD 2
VAS – POD 3
Postoperative morphine use
(mg/kg/0–48 h)

No remifentanil

Remifentanil

27
7/20
54.1±9.3
–
–

27
2/25
56.1±15.3
236±66 min
0.14±0.1 μg/kg/min
0.9±1.1
4.0±1.6
3.8±1.4, P=0.04
3.6±1.6
0.017±0.01,
P=0.068

0.5±1.3
3.7±1.5
2.9±1.5
3.2±1.6
0.029±0.04

Notes: The data are listed as the mean ± SD. The VAS scores are provided as the
average of all scores obtained in the PACU or for the day.
Abbreviations: VAS, visual analog score; PACU, postanesthesia care unit; POD,
postoperative day; SD, standard deviation; min, minutes; h, hours.

remifentanil, P=0.068). No difference was noted in average
postoperative pain scores in the postanesthesia care unit and
on postoperative days 1 and 3 (Table 1). The mean pain scores
were statistically higher on postoperative day 2 in patients
who received remifentanil when compared to those who did
not (2.9 vs 3.8, P=0.04).

Discussion
Patients with idiopathic scoliosis undergoing PSF and SSI
experience significant postoperative pain. In a prior study,
we found that preincisional administration of ITM produced
safe and effective postoperative analgesia following PSF and
SSI for correction of idiopathic scoliosis.3 Followed by the
addition of a continuous IV morphine infusion, analgesia
was extended for the first 48 postoperative hours.13 With
the advent of intraoperative spinal cord monitoring using
both somatosensory- and motor-evoked potentials, it is now
common practice to include a remifentanil infusion, often
in combination with a propofol infusion, for the intraoperative anesthetic management of such patients. Remifentanil
has been associated with postoperative opioid tolerance and
increased opioid requirements.5–8
In our current study, we noted that the administration of
preincisional ITM blunted the hyperalgesia that has been previously reported with remifentanil, as we noted no difference in
the postoperative morphine requirements between patients who
received remifentanil and those who did not. In fact, although
it did not meet statistical significance, the postoperative morphine requirements were lower in the patients who received
ITM and remifentanil. Furthermore, the only difference noted
in pain scores was a slightly higher score during postoperative
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day 2 in the patients receiving remifentanil. Despite the pain
score being acceptable (average score of 3.8), considering the
magnitude of the surgical procedure, our finding suggests that
acute opioid tolerance does not develop in the first 48 postoperative hours when remifentanil is infused intraoperatively in
patients receiving preincisional ITM.
There are several possible explanations as to why we
did not observe acute opioid tolerance in our patients who
received remifentanil after ITM. It is possible that ITM
produces such profound analgesia in the early postoperative
period that it overwhelms the impact of any hyperalgesia produced by remifentanil. Previous studies have suggested that
patients receiving ITM do not typically require IV morphine
for supplemental analgesia until 17 hours after the administration of ITM.3 Although long-term administration of ITM
has been shown to produce increasing opioid requirements,
this is unlikely since we showed in our prior study that ITM
administration resulted in decreased morphine requirements
in the first 48 postoperative hours when compared to those
patients who did not receive ITM.2,3,14,15 However, it must
also be recognized that nonopioid mechanisms may also be
responsible for the hyperalgesia induced by remifentanil.
Further work is required to clearly define the cellular mechanisms responsible for this phenomenon.
There is evidence that opioid rotation can reduce opioid
requirements.16 Perhaps the rotation from ITM to remifentanil
to IV morphine either increases an antinociceptive pathway
or decreases a pronociceptive pathway in a manner that does
not occur when only ITM and IV morphine are used. If this
were true, it is possible that the study group (remifentanil +
ITM) experienced both increased opioid requirements due
to remifentanil and decreased requirements due to rotation,
minimizing any overall impact of remifentanil on postoperative opioid requirements. Finally, over the time period of
this study, our approach for maintaining general anesthesia
evolved from a balanced inhalational technique with limited
use of propofol to a total IV technique using remifentanil
and propofol. Propofol has been shown to interact with the
NMDA receptor and potentially modulate the hyperalgesia
after a remifentanil infusion.17,18
This study has several limitations. It is retrospective
with modest sample sizes. The anesthetic approach was not
standardized among patients, and patients in the study group
(remifentanil) generally received care later in the study period
than those in the control group (no remifentanil). Sample
sizes were modest due to the relatively recent introduction
of remifentanil into our clinical practice. We did not collect
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data after May 2011 due to the introduction of a pain service
and concurrent changes in postoperative pain management.
The only significant difference between groups was the postoperative day 2 pain score in patients receiving remifentanil
versus those who did not. Since most current scoliosis surgery includes spinal cord monitoring, it may be difficult to
perform a prospective study where remifentanil is eliminated
from the anesthetic regimen. The inclusion of propofol in the
anesthetic technique may also have impact on the results, as it
has been suggested that propofol may have antihyperalgesic
effects on opioid-induced hyperalgesia due to inhibition of the
NMDA system.19 The intent of the study was only to evaluate
the acute effects of ITM on the postoperative course. As such,
we cannot comment on the potential long-term implications
in modulating chronic pain syndromes, which may occur
following these surgical procedures.
With those caveats in mind, we noted that the administration of intraoperative remifentanil does not increase
postoperative morphine requirements in patients who receive
preincision ITM for PSF and SSI. Given prior data showing
ITM to be safe and effective in this patient population, clinicians concerned with acute opioid tolerance secondary to
remifentanil may consider preincision ITM as a postoperative
pain management strategy.
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