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Abstract: Multimodal analgesia (MIMA) involves the use of additive or synergistic combinations of
analgesics to achieve clinically required analgesia while minimizing significant side effects associated with
higher dose of a single equianalgesic medication such as an opioid analgesic. MMA generally involves
optimizing non-opioid pharmacologic and non-pharmacologic interventions and reserving opioid use to
treat breakthrough pain. Patients receiving medications via MMA protocols are likely to have lower opioid
consumption compared to those managed using primarily IV opioid patient-controlled analgesia. MMA
pain management strategies have become important components of enhanced recovery after surgery (ERAS)
protocols in an effort to optimize care by standardizing analgesic medications in the perioperative setting
while minimizing adverse effects and improving quality and patient outcomes. Successful implementation of
a MMA requires the input and cooperation of all of the stakeholders including the caregivers as well as the
patients. Health system benefits can also be realized from the implementation of an effective MMA, as fewer
opioid related side effects can improve patient recovery and lead to faster discharge and improved utilization

of resources.
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Introduction pharmacologic and non-pharmacologic interventions and
P ) e llowi ) L reserving opioid use to treat breakthrough pain. Patients
ostoperative pain following spine surgery can originate . L . .
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from the skin, muscle, vertebrae, intervertebral discs, 1 . .
ower opioid consumption compared to those managed

facet joints and neural tissue (1). Multimodal anesthesia using primarily IV opioid patient-controlled analgesia (2).

(MMA) for pain control has become an important
component of the perioperative management of patients
undergoing ambulatory spine surgery (Table 1). MMA
involves the use of additive or synergistic combinations
of analgesics to achieve clinically required analgesia while
minimizing significant side effects associated with higher
dose of a single equianalgesic medication such as an opioid
analgesic. MMA generally involves optimizing non-opioid

© Journal of Spine Surgery. All rights reserved.

MMA pain management strategies have become important
components of enhanced recovery after surgery (ERAS)
protocols in an effort to optimize care by standardizing
analgesic medications in the perioperative setting while
minimizing adverse effects and improving quality and patient
outcomes. These efforts have shown promising results in
achieving adequate pain control and reducing use of opioids.
The essential goal of a MMA is effective pre-emptive pain
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Table 1 Rush University multimodal analgesia regimen for spine
surgery (Singh, 2018)

Prior to admission

Preoperative counseling regarding anesthesia and
postoperative analgesia—at surgeon’s office

Day of surgery
Preoperatively

Oral medications given preoperatively in holding area about
1 h prior to surgery:

(I) Cyclobenzaprine 10 mg
(I) Pregabalin 150 mg
(Ill) Oxycodone release 10 mg
Intraoperatively
Induction of anesthesia— propofol 2 mg/kg plus ketamine 50 mg

Maintenance of anesthesia—sevoflurane with fentanyl
1-2 mg/kg titrated to clinical effect

Additional medications administered intraoperatively
(I) Bupivacaine 0.5% with epinephrine 1:200,000 injected at
incision site
(i) 20 mL per side if patient weight <70 kg
(i) 30 mL per side if patient weight =70 kg
(I) Acetaminophen 1,000 mg IV
(Il) Dexamethasone 10 mg IV
(IV) Ondansetron 4 mg IV
(V) Famotidine 20 mg IV
Oral pain medications if possible, in recovery room
Postoperative day 0
(I) Cold compresses applied to surgical area
(I) Pregabalin 75 mg q12h orally
(1) Cyclobenzaprine 10 mg q8h orally
(IV) Tramadol 50 mg g6h
(V) Oxycodone immediate release

(i) 5 mg g4h as needed for pain (NRS >3), opioid naive
patients

(i) 10 mg g4h as need for pain (NRS >4), opioid tolerant
patients

Postoperative day 1
(I) Cyclobenzaprine 10 mg PO prn for spasms
(1) Hydrocodone 10 mg plus acetaminophen 325 mg
(i) 1 tablet as needed for pain (NRS 1-5)
(i) 2 tablets as needed for pain (NRS 6-10)

NRS, numeric rating scale for pain (where 0= no pain and 10=
worst possible pain).
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management and judicious treatment of breakthrough pain
using the lowest doses of opioids required.

Constructing a MMA protocol

Pharmacological combinations of analgesics and non-
pharmacological therapies are the fundamental components
of a MMA protocol. Dosing and timing of these agents is
also an important consideration as a goal of an effective
MMA is to have antinociceptive therapy in place prior to
surgery in an effort to minimize or mitigate the burden
of pain in the postoperative period. The Rush University
Medical Center MMA protocol is shown in Table 1 as an
example of such a multifaceted approach.

On the day of surgery, administration of pain medication
should start in the preoperative holding area 1 to 2 hours
prior to surgery. Most MMA protocols include several
different medications by mouth often including a muscle
relaxant, a long acting opioid, and an anticonvulsant prior to
initiation of the general anesthetic (3). Muscle relaxants such
as cyclobenzaprine have been shown to provide significant
symptomatic relief when used as therapy for low back pain (4).
Though combining cyclobenzaprine with NSAIDs has not
been shown to provide significantly different pain relief for
acute low back pain compared with monotherapy, it is still
more efficacious than opioids in this setting (5). The rationale
for administering a opioid analgesic preoperatively is to take
advantage of any pre-emptive analgesic effect that the opioid
may provide and reduce the need for intravenous opioid
postoperatively; which decreases the risk of nausea, pruritus
and sedation. The anticonvulsants gabapentin and pregabalin
exert their analgesic activity by binding to the presynaptic
voltage-gated calcium channels, specifically to the alpha-2-
delta protein. This binding reduced calcium influx through
these channels and reduces neurotransmitter release. These
voltage-gated channels are upregulated in the dorsal root
ganglia and spinal cord in response to surgical trauma. By
inhibiting calcium influx, central sensitization is reduced, thus
reducing analgesic requirements and pain post operatively (6).
When used in conjunction with a muscle relaxant and a long
acting opioid, superior analgesia is achieved with decreased
side effects of the individual drugs. Ketorolac may also be
considered both pre and post operatively. It helps reduce
inflammatory processes and hypersensitivity by blocking
prostaglandins. There is a risk of adverse events when this
drug is given after spinal fusion but only when given for
greater than 2 days at doses higher than 120 mg/day (7).
When ketorolac was given at a safe dose in conjunction
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with pregabalin and acetaminophen, patients has lower pain
scores, better ambulation tolerance, improved functional
outcomes, and decreased opioid requirements along with
shorter hospital stay with no additional complications (8).

In addition to the agents administered on the day of
surgery, many MMA protocols may include starting a
selective cyclooxygenase enzyme inhibitor such as celecoxib
or meloxicam two to three days prior to surgery, based on
the discretion of the surgeon and the type of spine surgery
being performed (9). In a study of colorectal surgery
patients in an ERAS protocol, morphine consumption at
postoperative days 1-3 was significantly less is the group
receiving COX-2 inhibitors. These patients had faster
return of gastrointestinal function and shorter hospital
stays overall (10). These benefits may translate to patients
undergoing other surgeries as well.

Intraoperative management of these patients generally
begins with a standard induction using propofol and an
inhaled anesthetic. Ketamine may also be used at induction
as well. Ketamine is a NMDA receptor antagonist that
decreases opioid consumption by decreasing central
excitability and possibly modulates opioid receptors. It has
been shown to be effective when used as a sole agent, or in
conjunction with opioids, NSAIDs, and acetaminophen (11).
Ketamine usage intraoperatively decreases opioid
consumption postoperatively, and has the potential to decrease
pain scores several weeks to months after surgery (12).
Liberal use of local anesthetic by the surgeon is also
recommended prior to surgical incision, and dexamethasone
and famotidine are often administered to preemptively
decrease nausea and vomiting.

Dexamethasone is also associated with reduction in
pain scores during mobilization postoperatively. As part
of a multimodal analgesia plan, high-dose dexamethasone
(more than 0.2 mg/kg) was found to have opioid sparing
effects (13). It has also been shown to delay time to first
postoperative analgesic intake when used in conjunction
with peripheral nerve blocks (14). Small doses of fentanyl
(totaling 1-2 mcg/kg) can be administered throughout the
operation. Methadone is also being considered for use in
MMA. Methadone has a longer half-life than other opioids,
while also inhibiting NMDA receptors and inhibiting the
uptake of serotonin and norepinephrine. This can inhibit
the development of opioid tolerance and may play a role in
mood elevation (15). When compared to patients receiving
IV hydromorphone, patient receiving methadone had fewer
postoperative opioid requirements and improved pain
scores. Optimal use and dosing of methadone remains to be
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determined.

Intravenous lidocaine can also play a role in multimodal
analgesia. In a study of patients undergoing complex spine
surgery, patients who received 2 mg/kg/h of IV lidocaine
had lower pain scores. They also had slightly fewer
complications at 30 days post operatively (16). They also
had lower opioid requirements but this difference was not
statistically significant. This may be due to the type of pain
experienced after spine surgery (vs. abdominal surgery
where it has shown to be effective). Prior to extubation,
most MMA protocols recommend administration of
intravenous acetaminophen.

Acetaminophen has analgesic and antipyretic effects
by acting as a reducing agent to prevent a secondary
peroxidase step involved in prostaglandin synthesis by the
cyclooxygenase enzymes. Intravenous administration provides
rapid onset of pain relief, within 25 min, and is associated
with decreased time to extubation, shorter intermediate stays,
and shorter hospitalization overall in surgical patients (17).
Though it has not consistently been shown to decrease opioid
requirements, acetaminophen does improve pain scores post
operatively and it’s utility as a part of ERAS protocols for
spine surgery remains under investigation (18).

There are several options for regional anesthetics to
be incorporated into any MMA plan for spine surgery.
In a small study, a single shot epidural injection of local
anesthetic was found to decrease opioid requirements in the
postoperative setting (19). Erector spinae plane blocks and
continuous infusion catheters anesthetize the dorsal and
ventral rami of spinal nerves and can also be used as a part of
MMA protocols for various spine procedures (20). Patients
receiving these blocks achieved adequate pain control
with little or no opioid consumption, and did not have any
issues with neuromonitoring during their procedures (21).
A retrospective study of pediatric spinal fusion surgery
patients showed that opioid usage was significantly less in
patients receiving continuous infusion of local anesthetic
into the surgical site via elastomeric pain pump (22). There
are case reports of lumbar spine surgery being performed
under spinal or epidural anesthesia exclusively (23,24).
Benefits include reduction in post-op pain and decreased
incidence of PONYV, but this requires more cooperation
on the part of the patient, the anesthesiologist, and the
surgeon. Epidural anesthesia may blunt the surgical stress
response after major surgery (25).

Postoperative management of patients after spine
surgery using multimodal anesthesia involves continuation
of the preoperative medications (muscle relaxant, opioid,
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anticonvulsant) with the possible addition of scheduled
NSAIDs and/or acetaminophen. Gabapentin and pregabalin
have been found to be effective in reducing opioid use
in the immediate postoperative setting (26). Though the
ideal dosing of each is actively under investigation, there is
evidence to support that pregabalin 150 mg is superior to
pregabalin 75 mg given preoperatively and at 12 hours post-
surgery in reducing postoperative opioid consumption (27).
Gabapentin also has a dose dependent effect, with a dose
of 600 mg given preoperatively superior to 300 mg in
reducing pain scores and fentanyl consumption for 24 hours
postoperatively, but escalating doses beyond 600 mg did not
further reduce pain or opioid consumption (28). Gabapentin
administration is also associated with an increased risk
of sedation, but a reduced incidence of nausea, vomiting,
and pruritus compared to opioids (29). Tramadol, a weak
p-opioid receptor agonist also has analgesic activity due
to serotonin-norepinephrine inhibitor activity, may be
given postoperatively in place of more potent opioids such
as hydrocodone or oxycodone (30). The use of ice packs
can be incorporated into the post-operative portion of
any MMA protocol. Though there is no specific data to
support this therapy in spine surgery patients specifically,
a randomized control trial of postpartum patients with
perineal pain showed a greater than 30% reduction in pain
for a significant number of patients for up to two hours after
an ice pack was applied for ten minutes (31).

Postoperative pain can be a significant source of
stress, anxiety, depression, and can be a precursor to the
development of chronic pain (32). Multimodal anesthesia
protocols have become commonplace in today’s landscape
of spinal surgery because they have consistently shown
a decrease in opioid consumption and improvement in
postoperative mobilization while also improving issues
with postoperative nausea, vomiting, and sedation (33).
Pain scores assessed immediately postop and in the days
following surgery are consistently lower in patients
receiving multimodal anesthesia versus opioids alone (21).
What remains to be investigated are the more long term
implications of these protocols (34). Though the classes
of medications used have been well described, the exact
dosages used still vary, and these nuances may lead to
significant differences in 30-90 days outcomes, complication
rates, and readmission rates.

Implementing a MMA

Successful implementation of a MMA requires the input
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and cooperation of all of the stakeholders including the
caregivers as well as the patients. Discussions regarding the
plan for pain management should begin in the outpatient
setting when the patient’s surgery is scheduled and consent
is obtained (35). The surgeon’s office is an ideal location
to begin these discussions as the patient is more relaxed.
In addition to the intraoperative anesthesia, this discussion
should include the proposed postoperative analgesic
management strategy. The role and importance of each
of the medication as well as the overall approach to the
multimodal management can be discussed and the patient
can be allowed to ask questions. Patients’ expectations
should be discussed as should the plan to minimize opioid
use postoperatively, the importance of the non-opioid
adjuvant therapy and the patient’s role and agreement with
the MMA approach.

A preoperative evaluation by the anesthesiologist,
ideally through the preoperative clinic should be
encouraged for patients that may be difficult to manage
using the standard MMA protocol. This is especially
important for chronic pain patients who may already be
taking high doses of opioids. These patients often have
additional risk factors for increased postoperative pain
such as increased anxiety, depression, and tobacco/drug/
alcohol use, which also increase their risk of long-term
opioid use postoperatively (36,37). While beneficial for
all patients, the importance of multimodal anesthesia is
especially highlighted in patients who may be susceptible
to opioid related adverse effects, such as patients with
obstructive sleep apnea (38). Health system benefits can
also be realized from the implementation of an effective
MMA, as fewer opioid related side effects can improve
patient recovery and lead to faster discharge and improved
utilization of resources.
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