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Abstract:

Many postoperative analgesic options exist after a posterior spinal fusion (PSF) for adolescent idiopathic scoliosis
(AIS) with newer interventions gaining attention. It is unclear which provide the most benefit. The aim of this current
concept review is to document the efficacy, safety, and the quality of evidence for different methods of pain manage-
ment after PSF for AIS. Potent analgesia with IV opioids or epidural anesthesia remains the cornerstone of postopera-
tive analgesia following PSF for AIS. A diverse set of analgesic adjuvants are under investigation with promising re-
sults, including GABA-analogues, intrathecal anesthesia, nonsteroidal anti-inflammatory drugs, acetaminophen, keta-

mine, spinal nerve block, alpha-2 agonists, glucocorticoids, and muscle relaxants. Psychiatric interventions and patient

education are also proving to provide value.

Key Concepts:

e [V opioids or epidural infusion are the most widely preferred postoperative pain management strategies following

PSF for AIS.

e  Multimodal analgesic protocols are becoming increasingly common.

e  Numerous analgesic adjuvants are currently under investigation.

Introduction

Adolescent idiopathic scoliosis (AIS) is defined by lat-
eral curvature of the spine in the coronal plane more than
10 degrees.! Surgery is indicated for major curve magni-
tudes greater than 50 degrees. Most patients requiring
operative treatment for AIS undergo posterior spinal fu-
sion (PSF) which is considered the gold standard. PSF is
associated with significant pain both because it necessi-
tates extensive dissection of tissues, bones and ligaments
that are innervated via the posterior rami of spinal nerves
and because most of the patients that are treated with
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PSF for AIS are young women who are particularly sus-
ceptible to pain.! Current postoperative pain manage-
ment strategies are diverse and multimodal, with varia-
tion in analgesic efficacy as well as adverse events. The
purpose of this current concept review is to synthesize
all available data from randomized and observational
studies to provide a comprehensive overview of the use
and key advantages of different analgesic treatment mo-
dalities after posterior spinal fusion in patients with ado-
lescent idiopathic scoliosis.
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Methods

Comprehensive MEDLINE and Embase searches were
performed for all English language articles published be-
fore March 2021 and meeting a search query designed to

9% ¢¢

identify the key terms “postoperative,” “spinal fusion,”
“adolescent idiopathic scoliosis,” and “analgesia” as well
as common synonyms. The exact search query used on

both MEDLINE and Embase used was:

(((post-op) OR (post-operative) OR (postoperative)
OR (following) OR (after)) AND ((spinal fusion)
OR (scoliosis surgery) OR (scoliosis correction sur-
gery))) AND ((ais) OR (adolescent idiopathic scolio-
sis) OR (adolescent)) AND ((Analgesia) OR (Pain
Control)).

Additionally, a search for the two terms “analgesia”
and “adolescent idiopathic scoliosis” was used on the
Cochrane Library as well as the Clinicaltrials.gov data-
base.

Inclusion criteria focused on studies of postoperative an-
algesia after posterior spinal fusion for adolescent idio-
pathic scoliosis. Studies published more than 20 years
old and case reports were excluded. Results were
screened using the machine learning software Rayyan
QCRI (https://rayyan.qcri.org). Discussions on in-

traoperative anesthesia without focus on postoperative
analgesia, reports on chronic analgesia, and analgesia
studies that failed to segregate AIS were excluded.

Studies were grouped according to the analgesic tech-
niques utilized. Groups included: patient-controlled anal-
gesia (PCA) or non-PCA opioid, epidural, GABA ana-
logues, intrathecal, anti-inflammatories, ketamine, psy-
chiatric, nerve block, alpha-2 agonist, lidocaine or bupi-
vacaine, glucocorticoids, muscle relaxants, and multi-
modal analgesia (MMA) pathways.

Outcomes assessed included length of stay, pain scores,
and opioid dose reduction. Metrics for each outcome
were days, numerical pain scale rating, and morphine
milligram equivalents, respectively. Outcomes were syn-
thesized by summarizing effect estimates.
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Modality References Sub-Groups
i
(references)

IV morphine(10)
Int'ra.venous 14 Adjuvant opioid(3)
opioids

Oral opioids(1)
Epidural 13 N/A
GABA-analogues 10 N/A
Intrathecal 7 N/A
Anti-inflammatory | 7 N/A
Ketamine 6 N/A
Psychiatric 5 N/A
Nerve Block 1 N/A

Primary Analgesic(1)
Alpha 2 Agonist 5 )

Adjuvant(4)
Conti

ontmu.ous Wound 4 N/A

Infiltration
Glucocorticoids 1 N/A
Muscle Relaxants 3 N/A

Table 1. Groups used to sort studies by analgesic modalities.

*The “PCA or non-PCA opioid” group only included studies evalu-
ating PCA or non-PCA opioid use as a primary outcome as virtually
all studies referenced in this review reference PCA with opioids as a
control.
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Results

Six hundred sixty-six results were retrieved from
MEDLINE, and 490 were retrieved from Embase.
Twenty-eight results were retrieved from the Cochrane
Library and 16 from the Clinicaltrials.gov database.
These sum to a total of 1200. After removing duplicates,
910 records were screened and 124 were included. Seven
of these were excluded due to lack of sufficient evidence
of the efficacy of the analgesic modality.

Discussion

Analgesic Modalities
Intravenous Opioids

1V Morphine

Historically, intravenous (IV) patient-controlled
analgesia (PCA) or continuous infusion with opi-
oids has been a mainstay of pain management in
the immediate postoperative period after scoliosis
surgery, with the most common side effects being
postoperative nausea and vomiting (PONV).!?
With appropriate pump settings, opioids are estab-
lished as safe and efficacious in children."** Be-
cause children are considered to have a lower risk
of respiratory depression, a background infusion is
widely used.! Typical administration involves a
morphine 0.05-0.1mg/kg initial loading dose be-
fore the end of surgery followed by PCA bolus
dose of 0.01-0.03mg/kg, a lockout interval of 6-10
min, and background infusion of 0.01-
0.02mg/kg/h.! PCA has been found to be superior
to intramuscular analgesia at reducing pain scores
in adolescents receiving PSF for AIS (p<0.02).>
This may be due to reported high variability in
pain tolerance or threshold.®

A study comparing postoperative PCA alone and
PCA with background infusion for patients receiv-
ing AIS repair found no difference between the
two strategies with respect to postoperative mor-
phine use, side effects, or patient satisfaction.’
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The main adverse effects of [V PCA with mor-
phine are postoperative nausea, vomiting (20-
80%), and pruritis (11-47%), but clinically signifi-
cant respiratory depression is rare. Of note, inves-
tigations using IV naloxone (0.5mcg/kg/hr) to mit-
igate opioid-related side effects of pruritis, nausea,
vomiting, and respiratory depression have shown
limited efficacy against pruritis and nausea, but
other outcomes were nonsigificant. Considering
the high incidence of PONV and pruritis, other
techniques described later in this review have been
investigated to supplement IV PCA to minimize
morphine use.

Intraoperative Opioids

Four studies evaluated modalities of intraoperative
opioid administration and their effects on PCA opi-
oid requirements and opioid-related side effects.

Compared to continuous sufentanil infusion
(0.25ug/kg/h), intraoperative bolus administration
of methadone (0.2 mg/kg) was shown to reduce
postoperative opioid requirements by approxi-
mately 50% at 48 and 72 hours (p=0.023 and
p=0.024) as well as decrease pain scores by ap-
proximately 50% at 48 hours.'*!" Despite increas-
ing use, however, the intraoperative large bolus
use of methadone is controversial due to incon-
sistent reductions in total opioid use and adverse
effects such as respiratory depression, EKG abnor-
mality such as QTc prolongation, and PONV.!> A
newer study reports novel multiple small perioper-
ative methadone doses resulted in safe and lower
blood methadone levels of <100ng/mL."

Intraoperative use of remifentanil, an ultra-short
acting opioid commonly used to supplement gen-
eral anesthesia, is associated with the development
of hyperalgesia manifesting clinically as an in-
crease in postoperative analgesic requirements. A
study comparing bolus morphine pre-treatment
(150ug/kg) to saline placebo prior to intraoperative
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remifentanil use found no differences between
groups for initial 24-hour morphine consump-
tion.!® Further, a newer retrospective study found
no relationship between remifentanil dose and opi-
oid consumption through 72 hours specifically in
the setting of AIS surgery.'*

Subcutaneous Morphine

Preemptive use of subcutaneous morphine infusion
(20mg/day) was found to significantly decrease pain
scores as assessed using verbal response score (VRS)
and visual-analog scale (VAS) as well as decrease an-
algesic consumption when compared with control."

Oral Opioids

In an attempt to improve pain control beyond the ini-
tial postoperative period, controlled release oxyco-
done-CR has been used safely and effectively in pedi-
atric postoperative spinal fusion patients, converted
from PCA to oxycodone-CR, used for an average of
13.3 days with average wean time of 6 days.'®

Epidural

Epidural anesthesia consists of injection of local anes-
thetics and/or opioids into the spine outside the dura
mater. It may be administered as a single injection or a
loading dose followed by continuous infusion.!” Com-
pared to intrathecal injection, single bolus extended-re-
lease epidural opioid is associated with longer duration
of analgesia.'®

In the pediatric population, it is not well characterized
whether epidural analgesia improves pain control, ac-
celerates return of gastrointestinal function, or reduces
risk of respiratory depression, length of hospitaliza-
tion, or costs of care. Compared with IV PCA, epi-
dural anesthesia is complex to administer and is asso-
ciated with rare side effects such as epidural hema-
toma or abscess. Therefore, it is important to justify
epidural use with clear evidence of its superiority to [V
PCA in this population. A recent meta-analysis com-
paring epidural versus systemic analgesia for thoraco-
lumbar spine surgery in children concluded that mod-
erate and low-quality evidence exists showing epidural
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anesthesia may provide a small additional reduction in
pain up to 72 hours, and two very small studies
showed anesthesia with local epidural anesthetic alone
may accelerate the return of gastrointestinal function.!”
Findings were consistent with a similar meta-analysis
published 9 years prior.'” That meta-analysis is to date
the highest quality evidence comparing IV PCA versus
epidural anesthesia for our target patient population;
however, it notably excluded several observational
studies that indicated equivalence or advantages with
epidural anesthesia over IV PCA,?*% some of which
claimed significantly better pain scores for all time pe-
riods, less pain fluctuation, lower maximum pain lev-
els during the postoperative period,? lower pain
scores, decreased total opioid use,?' decreased time to
feeding, and decreased vomiting.”> Further, a meta-
analysis comparing IV analgesia with epidural analge-
sia that was not limited to the pediatric population
found significantly superior analgesia, patient satisfac-
tion, and decreased overall opioid consumption associ-
ated with epidural analgesia.?® Therefore, large ran-
domized trials comparing epidural analgesia with sys-
temic analgesia specifically in the pediatric population
may sufficiently elucidate advantages of this modality
to justify its more complex administration.

Comparison of Different Epidural

Analgesia Adjuvants and Techniques

A 2017 randomized study with 48 participants
compared patient-controlled intermittent epidural
analgesia (PCIEA) versus continuous epidural an-
algesia (PCCEA) and concluded that nausea, vom-
iting, and pruritis were considerably higher in the
PCCEA group with no significant difference in
pain scores.?” Another 2017 randomized study
with 71 participants comparing intrathecal mor-
phine and extended-release epidural morphine
(EREM) found longer duration of analgesia with
EREM versus intrathecal morphine.'® A 2013 ran-
domized trial involving 66 participants comparing
the use of continuous infusion of bupivacaine and
fentanyl with two epidural catheters versus one
catheter versus IV morphine PCA found dual
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catheter epidural analgesia significantly superior
to the other modalities in terms of pain control,
whereas the single catheter method trended to-
wards the fewest side effects.?®

Intrathecal Morphine

Intrathecal morphine is given with a spinal needle into
the spinal subarachnoid space as a one-time bolus. A
2015 study concluded that pediatric patients undergo-
ing posterior spinal fusion for AIS experienced im-
proved analgesia from intrathecal morphine for at least
12 hours following administration.?’ A retrospective
study explored the dosing regimen of intrathecal mor-
phine and found through analyzing 407 consecutive
patients that a moderate dose range of 9 to 19 ug/kg
(mean 14ug/kg) provided safe and effective analgesia
in the immediate postoperative setting, and that higher
doses did not provide better analgesia and only in-
creased frequency of respiratory depression.*® Data
from a retrospective cohort study of 138 cases compar-
ing PCA alone or PCA with intrathecal injection or
PCA with epidural infusion concluded that intrathecal
morphine injection controls the pain equally for the
first 24 hours with less pruritus and less adverse
events.” A randomized trial of 46 children receiving
either no intrathecal injection, low dose intrathecal
(morphine Sug/kg sufentanil 1ug/kg), or high dose in-
trathecal (morphine 15ug/kg sufentanil 1ug/kg) con-
cluded that low dose intrathecal opioid usage signifi-
cantly reduced postoperative opioid demand and high
dose did not further improve efficacy.’! A retrospec-
tive study of 20 patients receiving intrathecal mor-
phine matched with 20 receiving epidural hydromor-
phone found that the intrathecal group reported signifi-
cantly lower pain scores in the post anesthesia care
unit and first 8 hours after surgery but higher pain
scores on the second postoperative day. Documented
time to ambulation and time of foley catheter removal
were statistically earlier in the intrathecal group, and
the hospital length of stay was significantly shorter,
with no significant difference in adverse events.’? A
retrospective case comparison study compared com-
bined intrathecal morphine and epidural anesthesia to
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conventional IV-PCA and found that the intrathecal
and epidural group reported significantly lower pain
scores and total opioid use.?!

Gabapentin/Pregabalin

Gabapentinoids have been widely used for neuropathic
pain, although a recent systematic review of the effi-
cacy and safety of gabapentin and pregabalin for pain
in children and adolescents found a paucity of evi-
dence for the analgesic effect and safety.*> A 2017 da-
tabase study using ICD9 codes for scoliosis and PSF
procedure involving 7349 subjects at 38 children’s
hospitals found that gabapentinoid use was signifi-
cantly associated with decreased odds of prolonged IV
opioid use (OR 0.63, 95% CI 0.53-0.75) and called for
further trials.>* A recent randomized controlled trial in-
volving 50 patients aged 10—19 found that pre and
postoperative administration of gabapentin as an adju-
vant to multimodal narcotic and NSAID analgesia sig-
nificantly decreased both opioid use and visual analog
pain scales in the first two postoperative days and sug-
gested that gabapentin be considered as a standard
medication for perioperative pain control in this popu-
lation.**> Another randomized study found decreased
initial pain scores but no change in opioid related side
effects with adjuvant gabapentin use.’® A similar ran-
domized study with 63 participants using pregabalin
found no difference with respect to postoperative opi-
oid consumption or pain scores.?” A randomized study
involving a single preoperative dose of gabapentin did
not significantly change postoperative opioid con-
sumption or pain scores.*® A retrospective study found
that addition of gabapentin or gabapentin and
clonidine regimens to IV morphine PCA reduced opi-
oid use and decreased length of hospital stay.>* An-
other retrospective chart review found addition of
gabapentin adjuvant therapy was associated with im-
proved pain scores and decreased opioid use in the
first 48 to 72 hours postoperatively.*® A retrospective
chart review of 101 patients found that the use of peri-
operative gabapentin is associated with a significant
decrease in time to completing physical therapy
goals.*!

www.jposna.org



JPOSNA

Volume 3, Number 3, August 2021

NSAIDs or Acetaminophen as Adjuvants

NSAIDs and acetaminophen (APAP) have been well
known to augment the analgesic effects of oral opioids
and minimize opioid usage requirements. A random-
ized cohort study of 114 adolescents found that [V
APAP and PCA was significantly superior to PCA
alone in terms of decreasing length of hospital stay.*?
However, a double-blinded randomized controlled trial
with 36 patients explored acetaminophen as an alterna-
tive to NSAIDs, claiming NSAIDs may inhibit bone
healing through COX inhibition. This study found that
IV APAP did improve analgesia but did not diminish
oxycodone consumption during the 24 hours following
spine surgery.** A chart review of 7349 patient records
from 38 children’s hospitals found that postoperative
ketorolac use was associated with decreased likelihood
of prolonged IV opioid exposure.** A prospective, ran-
domized, double-blinded, placebo-controlled trial with
36 adolescents assessing analgesic effects of low-dose
ketorolac in conjunction with PCA found that com-
pared to PCA alone, the ketorolac group had signifi-
cantly lower pain scores on POD 1 and 2 and tolerated
activity better on POD 1 with no differences in inci-
dence of pruritus, nausea, vomiting, or constipation
and no difference in incidence of curve progression,
hardware failure, or back pain in the 2 years following
spinal fusion.*

Ketamine

Ketamine is an NMDA receptor antagonist with well-
documented use in children as an anesthetic and anal-
gesic.¥ The use of intravenous ketamine as an adju-
vant alongside morphine to reduce postoperative pain
has been explored in several different surgery subtypes
with conflicting results. Ketamine has shown promise
to be opioid sparing and analgesic by itself. Most re-
cent Level I evidence from a prospective, randomized,
double-blinded, placebo-controlled trial with 50 ado-
lescent patients comparing the standard morphine
equivalent therapy to the standard therapy plus keta-
mine found significant reductions in postoperative
morphine equivalent consumption, pain scores, and in-
cidence of nausea and vomiting.*®
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Notably, earlier research has shown conflicting results.
Two 2017 studies,***” one observational and one ran-
domized controlled trial, found no statistically or clini-
cally significant benefits of ketamine as a postopera-
tive adjunct analgesic for AIS surgery.* A 2014 ran-
domized controlled trial did not find evidence to sup-
port the use of perioperative low-dose ketamine to de-
crease opioid use in this patient population.*®

Studies that supported the use of ketamine adjuvant
therapy include a randomized controlled trial that
found significant reductions in morphine consumption
up to 48 hours postoperatively and significantly
smaller antiemetic consumption in the experimental
group receiving intra- and postoperative low dose ket-
amine infusion.*’ In 2014, another randomized con-
trolled trial of 50 patients found that combined keta-
mine and magnesium adjuvant therapy reduced post-
operative morphine consumption and seemed to pro-
vide better sleep quality and patient satisfaction.” In
that trial, magnesium was added for its noncompetitive
NMDA receptor antagonist properties, and it is also
known to inhibit intracellular influx of calcium.>

Psychiatric Intervention

A study descriptively examining the effectiveness of
PCA in children and adolescents following spinal fu-
sion posited that pain stimuli produces psychologic
and emotional responses and therefore relief of the
pain may need multidimensional non pharmacologic
along with precisely titrated pharmacologic thera-
pies.’! To this end, some studies have attempted to ef-
fect pain scores through psychologic interventions.

A randomized controlled study compared cognitive-be-
havioral interventions’ effects on self-reported postop-
erative pain for adolescents following surgery for AIS.
The first intervention was cognitive—presenting objec-
tive information about the surgery. The second was be-
havioral—teaching coping strategies for managing post-
operative pain. The third was a combination of these.
These three strategies were compared to a control group
which was given no instruction. Of these, the behavioral
instruction was the only intervention effective for
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reducing pain on the second postoperative day, and it
remained significantly effective on the fourth postopera-
tive day at which time the combined cognitive and be-
havioral approach was associated with the most pain re-
duction.” The same group also found that for adoles-
cents under about age 13, the behavioral coping inter-
vention was associated with more pain reduction than
interventions that did not include coping.>

A study investigating a 12-minute music therapy video
teaching music-assisted relaxation with controlled
breathing and imagery found significantly reduced
pain immediately post-therapy versus pre-therapy.’* A
trial evaluating a video teaching guided imagery and
relaxation exercises found significantly less pain in the
intervention group at time of discharge, 2 weeks post
discharge, and 1 month postoperatively.*

A prospective study with 58 adolescents found that pa-
tients with parental anxiety of greater than 1 standard
deviation above the mean was associated with a two-
fold higher risk (47% vs. 20%) that the patient was
still taking narcotics at their first postoperative visit at
about 2 weeks postoperatively.>

Nerve Block

A recent technical report described a novel regional
anesthesia technique in which local anesthetic is de-
posited around the thoracolumbar dorsal rami nerves
via four multi-orifice pain catheters to obtain analgesia
for posterior spinal fusion surgery on scoliosis pa-
tients. The approach was used in three patients, all of
whom reported very low pain scores, low doses of opi-
oid consumption, and satisfaction with their pain con-
trol throughout the hospitalization.>’

Alpha-2 Agonists

Dexmedetomidine and clonidine, which exert antino-
ciceptive and sedative effects by stimulating alpha-2
receptors, have been trialed as adjuvants to reduce opi-
oid consumption following PSF. A recent prospective
randomized study compared 24h postoperative infu-
sion of either IV morphine (10ug/kg/h) or dexme-
detomidine (0.4ug/kg/h), both in addition to
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multimodal analgesia with preemptive 10mg/kg
gabapentin, postoperative 1g paracetamol, and 30mg
ketorolac IV every 8h for 48hrs postsurgical. No dif-
ference in pain scores or breakthrough analgesia re-
quirement was observed between the two groups dur-
ing the infusion period or during the first postoperative
week, but the dexmedetomidine group had signifi-
cantly lower incidence of ileus (p=0.014), lower inci-
dence of postoperative nausea and vomiting (PONV)
(P<0.001), and lower mean time to bowel opening
(p<0.001).%8

A retrospective trial evaluating PCA with or without
oral gabapentin and/or clonidine found that patients re-
ceiving gabapentin alone or gabapentin and clonidine
had reduced opioid use and reduced hospital stay, and
the patients receiving both gabapentin and clonidine
had the fewest attempts to obtain morphine over the
first 10-hour postoperative period.*

A study comparing fentanyl PCA with fentanyl plus
dexmedetomidine PCA found that in the combined
dexmedetomidine group, fentanyl requirement was de-
creased and concluded that side effects of fentanyl
may have been reduced and that dexmedetomidine in-
clusion may bring early postoperative recovery.” In
contrast, a retrospective review of 163 cases over 10
years found no difference in opioid use related to dex-
medetomidine on any postoperative day.®® A similar
earlier chart review of 131 patients concluded that a
morphine sparing effect might be possible.®!

Continuous Wound Infiltration (CWI)

CWI with local anesthetics via catheters placed in the
surgical wound before closure prevents nociceptive
impulses, relieves postoperative pain,®* and can have
significant opioid sparing effect.®® A recent retrospec-
tive chart review of 81 patients found that in addition
to IV PCA and oral opioids, CWI bupivacaine pro-
vided via elastomeric pumps was associated with clini-
cally and statistically significant improvements in
postoperative course, and that the addition of multi-
modal pain management with gabapentin and
methocarbamol was associated with trends toward
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further improvements.%® An earlier randomized, pro-
spective, double blinded study with 30 participants in-
vestigating the use of CWI and epidural anesthesia in
addition to IV PCA concluded that this combination
was an “effective and simple method” for postopera-
tive analgesia with significant reductions in postopera-
tive morphine consumption and VAS pain scores ver-
sus a control group receiving IV PCA alone.®* A retro-
spective chart review of 107 patients in 2011 found
that compared to narcotic and non-narcotic PCA, post-
operative wound irrigation with 0.1-0.2% ropivacaine
in combination with NSAIDs was more effective in
that it provided for earlier feeding and reduced inci-
dence of vomiting.?

Glucocorticoids

Literature has supported the use of postoperative ster-
oids in other areas of orthopaedics on the basis of
more rapid recovery and improved postoperative pain
control, but surgeons have hesitated to use steroids in
patients undergoing posterior spinal fusion because of
the risk of wound complications—glucocorticoids sup-
press the body’s immune response and increase serum
blood glucose, both of which are risk factors for
wound healing complications and acute infection.®* A
recent records review of 118 patients undergoing PSF
for AIS between 2015 and 2018 concluded that three
doses of postoperative dexamethasone (mean dose
8mg) was associated with a 39.6% decrease in total
opioid usage (p<0.001) with no significant difference
in incidence of infection or wound dehiscence.®

Muscle Relaxants

Three studies were identified that made use of
methocarbamol, a muscle relaxant with proven effi-
cacy providing symptomatic relief in acute back
pain.® In the first, the addition of 500mg oral
methocarbamol and gabapentin to an opioid admin-
istration strategy utilizing elastomeric pain pumps
showed nonsignificant improving trends across three
outcomes: infection, postoperative gastrointestinal re-
tention, and length of stay.®* A second study evaluated
the implementation of a Perioperative Surgical Home
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(PSH) model of standardization of care for AIS includ-
ing postoperative methocarbamol, ketorolac and pre-
and postoperative gabapentin all augmenting intrave-
nous hydromorphone and oral oxycodone. Findings in
the PSH group were significant decreases in opioid
use, PICU utilization, and allogenic blood transfusion
as well as increased non-opioid pain medications.®
The third study also included methocarbamol in a care
standardization protocol with scheduled methadone,
methocarbamol, ketorolac or ibuprofen, acetamino-
phen and oxycodone with intravenous opioids as
needed. Pain scores were higher in the protocol group
on day 0, similar on POD 1, and lower on POD 2 with
additional significant improvements in total morphine
consumption, length of stay, median time to first
bowel movement, and number of post discharge pain-
related phone calls.®’

These three studies did not isolate methocarbamol to
assess its efficacy in this patient population, but trend-
ing data in the first study that isolated the combination
of methocarbamol and gabapentin illustrate that it may
have some role. Positive results from the latter two
studies suggest further research is indicated isolating
the efficacy of methocarbamol as an analgesic adju-
vant.

Summary

IV patient-controlled anesthesia (PCA) with morphine
is the preferred primary method of analgesia with mul-
timodal analgesic protocols becoming increasingly
common. [V PCA may be supplemented with a contin-
uous morphine infusion. The other primary methods of
analgesia currently under investigation are epidural ad-
ministration of opioids, [V dexmedetomidine infusion,
and case reports of dorsal rami nerve blocks with local
anesthetics.

Numerous adjuvant approaches exist to modulate the
primary analgesic modality. Common objectives are to
decrease total opioid use, decrease opioid-related side
effects such as postoperative nausea and vomiting
(PONYV), and decrease time to recovery. These
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Figure 1. Current Literature Review Diagram
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adjuvant approaches include intraoperative methadone
bolus administration instead of continuous sufentanil
infusion, subcutaneous morphine injection, intrathecal
opioid injection, perioperative or standing gabapentin,
NSAIDs, acetaminophen, ketamine, psychiatric inter-
ventions, alpha-2 agonists, continuous wound infiltra-
tion with local anesthetics, glucocorticoids, and mus-
cle relaxants.

Authors Preferred Strategy

After careful review of this extensive literature search,
the authors currently recommend the following protocol
for our patients. Preoperatively, during a family confer-
ence discussing the risks and benefits of surgery, we
spend time discussing pain control following
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(n=842)

Full-text articles excluded,

(n=32)

surgery. We believe that managing expectations and
making patients aware of the protocol reduces their over-
all anxiety and can therefore manage the psychologic as-
pects of pain. We also prescribe preoperative gabapentin
that is begun 2 days prior to surgery. Intraoperatively,
we recommend low-dose intrathecal morphine. Postop-
eratively, we recommend gabapentin, ketorolac for 48
hours followed by ibuprofen, methocarbamol, and an
opiod consisting of a demand dose IV PCA for the first
24 hours followed by oral medicine. Patients are moni-
tored carefully postoperatively to watch for respiratory
depression which may occur when intrathecal morphine
is combined with a postoperative opiod; however, using
low dose (5 ug/kg) intrathecal morphine we have not had
any instances of this.
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Additional Links

o POSNAcademy: Intrathecal Morphine for Pediatric
Spine Surgery
https://www.posnacademy.org/media/Intrathe-
cal+Morphine+for+Pediatric+Spine+Sur-
gery/0_u3fzguv2/19140032

o POSNAcademy: Posterior Spinal Instrumentation
and Fusion for Treatment of Adolescent Idiopathic
Scoliosis
https://www.posnacademy.org/media/Posterior+Spi-

nal+Instrumentation+and+Fusion+for+Treat-
ment+oft+Adolescent+Idiopathic+Scolio-
sis/0_kpkklion/19140032
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