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Pain control for spine surgery has fundamentally changed in the last decade as new medi-
cations and pain techniques have been broadly adopted. Enhanced recovery protocols are
the new standard of care, allowing for shorter hospital stays and more rapid patient recov-
ery. Adequate analgesia in the perioperative setting is paramount in achieving these goals
and the use of narcotics alone is inadequate. A multimodal approach to perioperative pain
management in spinal surgery begins in the preoperative setting, with gabapentin or prega-
balin, Celebrex, and acetaminophen. These medicines also play a large role in the multi-
modal approach for postoperative analgesia with suggested usage being continued while
inpatient. Ketorolac remains a useful postoperative adjunctive medication with minimal
downside for fusion. Local and intravenous (IV) steroid application also play an important
role to decrease nerve irritation and pain related to local inflammation at the surgery site
and should be utilized regularly. The use of local anesthetic must also be used at the sur-
gery site in all cases with great improvement in immediate opiate needs and pain scores.
Other techniques have had mixed results with both Ketamine and IV lidocaine showing
some promise, but further research needs to be done to understand their exact role. To
practice spine surgery requires the use of a multimodal approach including nonsteroidal
anti-inflammatory drugs, local and IV steroid, local anesthetic, and neuromodulatory agents
beginning prior to an incision and continued through the recovery process.
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he goal of perioperative pain management in spine sur-
gery is to promote enhanced recovery and function,
shorter hospital stays, and reduce risks associated with opiate
medications."” With the advent of enhanced recovery proto-
cols being adopted by most institutions such as early ambula-
tion, immediate evaluation by physical and occupational
therapy, and appropriate preoperative counseling, shorter
hospital stays, and improved early recovery and function are
being achieved.”” Pain management is critical for achieve-
ment of these goals, but can come at great cost with opiates
being the traditional postoperative management technique.”
Opiates are known to cause serious adverse effects such as
dependence, ileus/constipation, somnolence, respiratory
depression, and a delay in wound healing.
In order to provide optimal pain care while promoting
patient recovery and reducing harmful effects, improved
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modes of pain control are becoming standard. The meth-
ods for this multimodal approach (MMA) are focused on
addressing the pain sources directly and pre-emptively to
avoid sensitizing the central nervous system and reducing
inflammation. A growing body of literature supporting
MMA in the perioperative setting and immediate postoper-
ative setting has emerged demonstrating improved effec-
tiveness, patient satisfaction, and lower opioid
requirements.” While there is a difficulty in spine surgery
gaining consensus for a “gold standard,” there are several
principles which spine surgeons can follow that will allow
for these goals to be achieved. To assist in formulating a
standardized plan, it is best to understand the pain control
for each phase of the perioperative period.

Preoperative Analgesia

Perioperative pain control begins prior to the patient arriving
in the operating suite. In order to decrease intra- and postop-
erative narcotics and anesthetic requirements, a variety of
agents exist that can have lasting effects on the sensitization
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of the nervous system as well as reducing inflammation. The
2 most well-known and widely used nerve stabilizing agents
are gabapentin and pregabalin. Both of these act at the alpha
2-delta subunit of voltage-gated calcium channels found pre-
dominantly in the cell membranes of neurons.” By binding at
these sites, it reduces the likelihood of an action potential
(desensitizes the membrane) being generated and thus limits
the propagation of a neuronal signal to the brain which can
be perceived as pain, numbness, or tingling. This desensitiza-
tion is what can have lasting effects long after the noxious
stimuli (the surgery) has occurred. (Table 1)

Pregabalin at the dose of 150 mg administered 1 hour prior
to surgery demonstrated reduced need for opioid rescue and
reduced morphine consumption up to 48 hours after spinal
fusion.” This same study further demonstrated that the 75 mg
of pregabalin did not have this benefit, and no differences were
found between the side effects. In a study of preoperatively
administered pregabalin 150 mg with celecoxib 200 mg vs pla-
cebo, Visual Analog Scale (VAS) and total postoperative mor-
phine consumption were significantly lower."’ Khan et al
described the use of gabapentin reducing narcotic consumption,
whereby they compared gabapentin give pre- and postincision
and found a threshold of 900 mg or higher led to decreased
total morphine consumption and decreased pain scores.'' Due
to the significance of the findings in this study, it was a primary
driver for meta-analysis data showing improved pain control
and decrease in total morphine consumption following gaba-
pentin administration.'” Similarly, Pandey et al who demon-
strated a dose effect threshold at 600 mg of gabapentin
administered preoperatively with a decrease in immediate post-
operative fentanyl consumption as well as VAS scores. "’

An earlier meta-analysis demonstrated that pregabalin and
gabapentin both effective for decrease VAS and total morphine
consumption up to 24 hours when administered preoperatively
as well.'* A single Randomized Control Trial (RCT) study on
1200 mg of gabapentin administered prior to surgery also dem-
onstrated improved pain scores in the immediate postoperative
period (up to 4 hours) as well as total decrease in morphine
consumption.'” Tn a head-to-head comparison, pregabalin
showed an improvement compared to placebo in functional
outcomes such as Oswestry Disability Index (ODI) when
administered at a dose of 75 mg preoperatively, however, this
same study was unable to show gabapentin administered at
300 mg having the same effect against placebo. '

Nonsteroidal anti-inflammatory drugs (NSAIDs), specifically
selective COX-2 inhibitors, have been extensively studied for
preoperative administration. Many surgical specialties regularly
utilize these medications with great effectiveness. Most spine
surgeons, however, have concerns about the effects they can
have on both fusions and bleeding. Nonetheless, they remain

Tahle 1 Preoperative Spine Cocktail Regimen

Gabapentin 600 mg or Lyrica 150 mg
Celecoxib 200 mg or Parecoxib 40 mg
Acetaminophen 1000 mg
Preoperative counseling

an excellent, if underutilized adjunct for postsurgical pain as lit-
tle evidence exists to support the risk of nonunion.

Several prospective trials have been done on this topic,
including a randomized blinded trial comparing parecoxib,
ketorolac, and placebo given 30 minutes prior to lumbar
fusion incision demonstrated no increase in bleeding, and a
decrease in numerical pain scores, however no difference in
immediate 24-hour morphine consumption.'” A separate
study looked at celecoxib with gabapentin vs gabapentin vs
no medication, showing a decrease in 24-hour morphine
consumption and improved VAS scores in the combination
group compared to the other 2 groups with no difference
between the gabapentin group and no medication group.

Regarding pre- vs postoperative administration of NSAIDs,
one study demonstrated that the administration timing
whether preoperative or intraoperatively of 40 mg of pare-
coxib both were equally effective at lowering postoperative
pain and morphine consumption.'” These studies further
demonstrate the effectiveness of a selective COX-2 inhibitor
prior to surgery while minimizing the side effects and poten-
tial risks of the nonselective NSAIDS. There is less research
looking at the use of the nonselective inhibitors such as ibu-
profen and naproxen.

Acetaminophen has a long history as a safe and effective
pain modulator. With its mechanism of action being placed a
central modulator of COX enzymes, it does not carry with it
the same potential adverse effect profile as the NSAIDS.
While there are no specific studies looking at its preoperative
use in either oral or intravenous (IV) form in spine surgery,
there are excellent studies within orthopaedic surgery and
other surgical subspecialties domains detailing its use.'” '
With a daily dosage limit of acetaminophen of 3 g per day, it
is most efficacious if administered as 1 g preoperatively along
with the other adjunctive medications.

The above information serves as a guideline prior to mak-
ing an incision and the summary below is the authors recom-
mended preoperative medication regimen. It should be noted
that no medication can replace appropriate preoperative edu-
cation, counseling, and expectation management with the
patient. This “human” aspect of surgery is an understudied
and often overlooked component in todays pressured world
of medicine. Nonetheless, it is this factor coupled with excel-
lent pharmaceutical agents that can help create an environ-
ment of multimodal analgesia prior to any pain stimuli ever
being experienced.

Intraoperative Analgesia

There are several adjunctive measures which can be taken
during an operation that can decrease postoperative pain,
need for narcotic pain medication, and accelerate recovery.
These methods focus on the use of local anesthetics, local ste-
roid application, and IV anesthetic administration.

Local anesthetics have been present for nearly 150 years
with the first documented use in the spine for intrathecal
anesthesia before the 20th century with the well-known
drug cocaine.”” While this has fallen out of favor for medici-
nal use, its cousins are still playing a pivotal role in pain
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control. Recent iterations of the drugs have found their way
into use due to preparations that allow them to act over a
longer period of time. While most surgeons are familiar
with the traditional usage of bupivacaine due to the longer
duration of action then lidocaine, liposomal bupivacaine is
newer to market.

Liposomal bupivacaine, known as Exparel (Pacira Biosci-
ence, Inc) in its commercial formulation, is released over a
72-hour period using a lipid structure that breaks down
slowly over this time frame to release the drug in local tis-
sues. A case control series looking at the use of 40 mL of a
50:50 mixture of liposomal bupivacaine administered prior
to closing in single-level lumbar Translaminar Interbody
Fusion surgeries demonstrated decreased total morphine
consumption in the first 3 days postoperatively.”’ It also
demonstrated a reduction in acute pain service consults,
although this impact was modest and may be reflective of
norms specific to the study site.

Other data published seem to show minimal difference
when comparing liposomal administration to traditional
0.25% bupivacaine HCl administration even when compared
to saline in one study (also did not change length of stay).”"
Further articles could not show a difference in posterior lum-
bar or posterior cervical patients who received the liposomal
formulation demonstrating no differences in time to dis-
charge, total morphine equivalents or decrease in VAS
scores.”"** While none of these studies demonstrated any
increase in complications or adverse events, strong evidence
is lacking demonstrating marked advantages of local anes-
thetic in this formulation.

While strong evidence supporting novel liposomal bupiva-
caine administration is lacking, it should be noted that use of
local anesthetic in the musculature is suggested for all cases
of lumbar spine surgery as well as posterior cervical surgery.
A well done meta-analysis demonstrated significant impact
from local anesthetic infiltration prior to closure with
decreased VAS scores and opiate usage in the first 24 hours.”
This early decrease in pain is crucial for early patient mobility
and satisfaction which is associated with improved outcomes
and lower rates of complications, including reduced periop-
erative constipation.

IV administration of traditional local anesthetics (such as
lidocaine, bupivacaine, etc) has gained popularity amongst
general surgeons due to the avoidance of the issues with nar-
cotics and post bowel surgery ileus, and shorter hospital
stays.”™*? Lumbar spine surgery also has a risk of ileus espe-
cially in cases of increased blood loss, lumbar correction, and
fusion procedures. Interest constipation and ileus avoidance
following lumbar surgery has sparked several studies investi-
gating this novel technique. A trial comparing continuous IV
lidocaine at 2 mg/kg/h with placebo in complex adult spine
surgery patients showed superiority over placebo for pain
scores and noninferiority for morphine consumption.’” This
same study also measured complications and outcomes, with
improved outcomes at 1 and 3 months on the SF-12 and no
difference in complications. However, in a blinded trial
against placebo with IV lidocaine administered did not dem-
onstrate superiority. In this study, it was given with a

1.5 mg/kg bolus and then 1.5 mg/kg/h infusion during poste-
rior spinal fusion; at no point in the 24-48 hours period post-
operatively did the IV lidocaine group have less morphine
requirement.’' Other outcome measures such as complica-
tions (nausea/vomiting/ileus), SF-12, and time to discharge
also did not differ. In a study of posterior cervical fusion
patients receiving subfascial infusions postoperatively with
0.5% bupivacaine to a matched control group, the study
group had better pain control and reduced opioid consump-
tion in the first 4 days.”” However, the study design demon-
strating this result is inadequate to truly compare as the
control group did not have any placebo catheter in place.

In an RCT performed In the pediatric scoliosis literature, a
single study comparing a continuous post-operative IV bupi-
vacaine to placebo showed a decrease in 24-hour continuous
morphine consumptions but did not otherwise differ from
control protocols.”” Based on current literature, IV lidocaine
and bupivacaine appear to have a favorable complication
profile, however, purported benefits are mixed. Given advan-
tages reported in general surgery literature with a reported
decrease in ileus, faster time to bowel movement and shorter
hospital stays, IV administration of local anesthetic warrants
additional investigation in spine surgery patients.

Use of intraoperative steroids remains a mainstay of sur-
gery with benefits for both anesthesia and surgical teams.
Most steroids are administered intravenously with benefits
for airway edema, postoperative nausea, and vomiting as well
as reductions of postoperative inflammation and radiculitis.
A meta-analysis looking at spine fusion patients (both cervi-
cal and lumbar) and the use of IV steroids demonstrated
lower VAS scores up to 48 hours following spine surgery.””
The studies were heterogeneous in the dosing however with
some giving a single dose of 80 mg of dexamethasone and
others 3 doses of 20 mg of dexamethasone given over
24 hours.””° Despite this heterogeneity, subset analysis of
some of these studies in the analysis revealed decreased mor-
phine consumption, shorter hospital stays and improved
nausea control all reaching significance. The benefit for TV
steroids is clear but there is no single best dosing regimen.
Based on the studies, a recommendation for the use of a min-
imum of 20 mg of dexamethasone given between 1 and 3
times over the first 24 hours is where one should likely con-
sider to achieve the desired benefits.

Recently the literature on this topic has shifted with increasing
interest to the application of local steroids. While the application
of this technique has been dysphagia reduction in the setting of
anterior cervical discectomy and fusion, there is significant bene-
fit that has been purported for postoperative pain reduction in
lumbar surgery as well. The most comprehensive literature on
the topic was a systematic review published in 2014 and while
significant heterogeneity limited any meta-analysis, it examined
patients undergoing discectomy who received steroids applied
directly to the dura or exposed nerve root.”” The results from
this were quite conclusive with 9 of 11 studies demonstrating
significant reduction in early postoperative pain which included
up to 2 weeks. Outcomes after 2 weeks did not demonstrate a
clear benefit with more heterogeneity among the studies. Further
takeaways from this systematic review revealed 7 of 9 trials with
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a significant reduction in morphine consumption. No evidence
of increase in complications could be determined from the
review as well which should be quite convincing to its safety. It
should be noted that this systematic review did not examine any
lumbar fusion cases or cervical cases and looked only at laminec-
tomy and microdiscectomy. The largest driver of this systematic
review was a randomized blinded study which enrolled 200
patients into 4 different groups. In one group, an epidural paste
was saturated with 80 mg of methylprednisolone and in one of
the combination groups included morphine. The morphine
alone group though did not show any benefit and only the 2
groups containing the 80 mg of methylprednisolone demon-
strated the benefit of decreased immediate postoperative pain.””

With application of local steroids, the exact amount and
nature of application varied between trials, however, studies
typically used between 40 and 80 mg of methylprednisolone.
Some authors have recommended direct local application of
an aqueous solution bathing the nerve root, other apply the
steroids to a collagen or fat matrix and then place it directly
s0 as to minimize dispersion.”” "' The evidence for adjunc-
tive steroid use in nonfusion lumbar cases is convincing and
should be considered. While the dosing and method of deliv-
ery will vary between institution and surgeon, those factors
do not appear to heavily influence the benefit and can be left
to surgeon preference with assurance of an improved pain
experience for the patient.

The final intraoperative adjunct of Ketamine is a powerful
dissociative agent with pain properties. This is administered
intravenously as part of the anesthetic plan and requires
coordination and discussion with our anesthesia. Several
studies have looked at the efficacy of intraoperative ketamine
administration on the effect of postoperative pain control.
The number of patients in each of these studies is low, none-
theless, in 2008, Yamanuchi demonstrated a beneficial effect
of an intraoperative 1 mg/kg dose of ketamine bolus followed
by 83 ug/kg/h infusion during the case reduced postoperative
morphine consumption in cervical patients, but did not
reach significance in lumbar surgery patients.”” The other
trial which compared placebo to both intraoperative and
intraoperative and postoperative ketamine administration
provides the most insight into ketamine’s role. This study
showed that intraoperative ketamine by itself was inferior to
the group who also received it postoperatively at the same
rate of 1 ug/kg/h infusion, which decreased total postopera-
tive morphine consumption.”” This is consistent with
the final study which suggested that intraoperative ketamine
administered solely during the operation did not alter acute
postoperative pain medication requirements during pediatric
scoliosis surgery.** Thus, while ketamine is a powerful tool
to be considered, the next section will examine more closely
its role in the immediate postoperative setting where it
appears to have better efficacy.

Postoperative

Pain management in the postoperative period has undergone a
significant shift in the last 10 years. Previously, it was believed
that IV patient-controlled analgesia (PCA) narcotic pumps

allowed for superior pain control, satisfaction, and early recov-
ery. In fact, the opposite was true, with PCA having been asso-
ciated with longer hospital stays and no improvement in
postoperative pain scores.”** These challenges are thought to
be due to the short acting nature of IV medication coupled
with the subsequent difficulty in transitioning patients to oral
methods of pain control. The shift away from PCA has led to
most patients utilizing oral narcotics as a mainstay of postoper-
ative pain control. The author’s preferred postoperative nar-
cotic regimen in the table below. (Table 2)

Postoperative NSAID use continues to be one of the most
controversial topics in spinal fusion surgery. However, few
strict contraindications exist for the use of NSAIDs following
spinal surgery. Indeed, severe renal dysfunction and bleeding
concerns in the setting of obligate pharmaceutical blood thin-
ning medications remain reasons to avoid NSAIDs following
surgery. However, for most patients undergoing spine sur-
gery the evidence for the use of NSAIDs is overwhelming
based on efficacy in both RCTs and in meta-analyses.”

One of the most commonly used postsurgical NSAIDs is
the nonselective IV drug ketorolac. Data have been mixed on
the potential adverse effects on fusion for this NSAID with
animal studies suggesting the inhibitory effect of ketorolac.™
Further, a retrospective study conducted in the early 1990s
suggested a significant detrimental effect of ketorolac with an
approximately 5-fold nonunion rate.”' Since this time, fusion
techniques have improved and our knowledge about proper
ketorolac administration has evolved. However, an ongoing
randomized RCT in spinal fusion patients is currently being
performed and likely will help answer the question about the
inhibitory function of ketorolac on fusion.”” Other evidence
exists examining the COX-2 selective NSAIDS mentioned
earlier suggests celecoxib in animal studies did not demon-
strate any inhibitory effect on fusion compared to a control
group whereas in the same study indomethacin demon-
strated a 50% decrease in fusion rate.”””’

The benefit of postoperative NSAIDS is undeniable with
evidence for 40 mg of parecoxib IV every 12 hours demon-
strating reduced opioid use and improved patient satisfac-
tion.”” In a trial of multilevel laminectomy, regularly
administered 15 mg of ketorolac, postoperatively decreased
total morphine consumption had significantly lower VAS
scores up to 16 hours postoperatively with the benefit not
being seen at 24 and 36 hours.”

As mentioned in the previous section, ketamine also needs to
be discussed for its role in the postoperative setting. The most

Table 2 Postoperative Narcotic Regimens

Narcotic Narcotic
Naive* Tolerant®
Nonfusion Hydrocodone 5-10 mg  Oxycodone 5-10 mg
cases every 4 hours every 4 hours
Fusion Oxycodone 5-10 mg Oxycodone 10-15 mg
cases every 4 hours every 4 hours

*Promethazine given every 8 hours (for nausea and narcotic
potentiator).
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comprehensive work done on the subject is a systematic review
done in 2018.” Tt demonstrated that ketamine when adminis-
tered intraoperatively and postoperatively decreased total mor-
phine consumption up to 24 hours, but this effect was now
found to be significant at 36 hours. The dosing of the studies
varied in the postoperative setting from 0.1 to 3 mg/kg/h. Not
only was morphine consumption less in the ketamine groups,
but VAS scores from 6 to 24 hours were also decreased. Most
studies stopped looking at reduction in pain at 48 hours where
there was no difference with some studies showing the keta-
mine group having more pain at 48 hours that did not reach
significance. It is clear ketamine does not provide long-term
relief, but does present an option in the short term during the
inpatient stay to care for patients. It can be used in select
patients with expected severe pain from either narcotic sensiti-
zation or those with poor coping skills.

Summary

Multimodal analgesia methods besides opiate medication can
greatly reduce a surgeon’s dependence on narcotic medica-
tions. Several MMA regimens have been examined in the lit-
erature to identify optimal preemptive and postsurgical
methods that when used in combination to allow patients an
enhanced recovery experience.

Kim et al performed an RCT examining a preoperative reg-
imen of celecoxib 200 mg, pregabalin 75 mg, oxycodone-ER
10, and acetaminophen 500 mg for patients receiving an L4/
5 fusion. VAS scores were lower at all time points in this
RCT for MMA as well as for ODI except for on POD #1. Of
note, the authors also found that 75 mg of pregabalin when
used alone did not have immediate postoperative benefits.”
Similarly, Garcia et al compared celecoxib, pregabalin, and
oxycodone ER vs IV morphine. VAS and total morphine con-
sumption were significantly lower in the MMA up to 36 hours
postoperatively.”

These 2 studies are the only RCTs examining MMA in the
spine literature and highlight a notable deficiency. However,
based on broader review of the literature, the evidence is
clear that patients are best served with multimodal vs con-
ventional narcotic driven perioperative analgesia. Table 3

Tahle 3 Recommended Multimodal Analgesia for Spine
surgery
Preoperative Intraoperative

Postoperative

Gabapentin Depo Medrol Oxycodone dosing
600 mg 80 mg schedule PRN
Celecoxib Bupivacaine w/Epi Ketorolac 15 mg
200 mg (max. allowable dose)”  q 8 for 24 hours
Acetaminophen Gabapentin
1000 mg 300 mg ghs
*Oxycontin Acetaminophen
10 mg 1000 mgq8h

*To be given once preoperatively if desired with risk of opioid
induced side effects.

"To be infiltrated in the paraspinal musculature and dermis and sub-
dermal layers.

highlights the authors current best practice evidence-based
recommendations for MMA in spinal surgery.
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